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LETTER  OF  TRANSMITTAL. 


Forestry  Division,  Department  of  Agriculture, 

Washington,  B.  C,  May  30,  1887. 

Sir  :  I  have  the  honor  to  submit  for  publication  as  a  special  bulletin, 

prepared  under  your  instructions,  a  collection  of  reports,  illustrating 

the  Eelatiou  of  our  Eailroads  to  Forest  Supplies  and  Forestry,  and 

pointing  out  on  a  practical  basis  how  an  economy  in  the  use  of  forest 

supplies  by  the  railroads  can  be  effected. 

Respectfully, 

.  B.  E.  FERNOW, 

Chief  of  Forestry  Division, 

Hon.  Norman  J.  Colman, 

Commissioner. 
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INTRODUCTORY. 


The  followiug  Eeports,  written  mostly  by  experts,  form  a  more  or  less 
exhaustive  account  of  what  the  railroads  ol'  our  country  have  done  or 
are  doing  to  deplete  our  forests,  and  show  how  the  wastefulness  in  the 
use  of  material,  which  is  in  danger  of  great  diminution  if  not  exhaustion, 
may  be  checked,  to  some  extent,  by  increasing  its  durability  through 
the  employment  of  preserving  processes;  by  substituting,  where  ad- 
missible on  financial  grounds,  other  material;  by  observing  conditions 
in  its  use  hitherto  largely  overlooked;  and,  lastly,  by  insuring  a  con- 
tinuance of  supply  through  active  forestry  work  on  the  part  of  railroad 
companies  aud  in  other  ways. 

Considering  the  wasteful  manner  of  getting  out  railroad  timber,  it 
can  be  fairly  estimated  that  to  build  our  present  railroad  system  more 
than  one  hundred  million  acres,  or  one-fifth  of  our  present  forest  area, 
were  stripped  during  the  last  fifty  years,  and  the  next  fifty  will  very 
likely  call  for  more  than  double  that  amount,  judging  from  the  accel- 
erated development  which  is  probable  and  the  requirements  for  re- 
newal. 

While  railroads  have  done  much  for  the  growth  and  development  of 
our  country,  they  are  also  responsible  for  much  of  the  hindrance  to  re- 
form in  the  use  of  our  forest  resources.  The  rapid  extension  of  our 
railroad  system  has  brought  within  reach  of  markets  distant  forest 
areas,  where,  to  make  lumbering  profitable  in  the  absence  of  home  con- 
sumption for  the  inferior  grades  of  material  and  leavings,  wasteful  and 
destructive  methods  of  utilization  have  to  be  employed. 

While,  therefore,  directly  and  indirectly,  railroad  enterprises  have 
contributed  largely  to  a  considerable  reduction  (if  not  destruction)  of 
forest  supplies,  it  might  be  presumed  that,  depending  as  they  do  on 
these  supplies  aud  being  by  their  own  continuous  character  most  deeply 
concerned  in  their  continuation,  the  railway  companies  would  feel  a 
special  interest  in  forest  i)re8ervation. 

With  this  view  the  following  reports  have  been  prepared  as  aids  to 
a  proper  appreciation  of  our  wood  material  and  its  economical  use. 

The  report  of  Mr.  M.  G.  Kern  has  been  written  after  much  corre- 
spondence with  railroad  managers.    Extracts  from  this  correspondence 
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are  appeuded,  with  the  design  of  showing  whatever  objections  have 
been  raised  to  the  practicability  of  railroad  companies  engaging  in 
active  forestry. 

I  would  call  particular  attention  to  the  original  work  of  Mr.  P.  H. 
Dudley,  the  study  of  which  will  prepare  one  for  a  more  critical  esti- 
mate of  the  processes  employed  for  wood  preservation,  so  ably  pre- 
sented by  Col.  Henry  Flad,  to  which  also  some  notes  have  been  ap- 
pended taken  from  a  paper  kindly  prepared  by  Mr.  Howard  Constable, 
C.  E.  These  papers  are  intended  to  appeal  and  give  information  to  the 
business  or  unprofessional  man  who  may  be  interested  in  the  subject, 
and  who  is  frequently  the  motive  power  of  operations  conducted  by 
professional  men.  It  should  be  added,  that  while  it  has  been  the  cus- 
tom to  describe  the  different  processes  of  wood  preservation,  coupling 
each  with  the  use  of  certain  antiseptics,  or,  vice  versa,  to  s[)eak  of  anti- 
septics as  necessitating  the  employment  of  certain  processes;  and 
though  in  the  main  Colonel  Flad  has  followed  this  customary  treat- 
ment of  the  subject  there  is  no  good  reason  for  continuing  such  strict 
classification:  the  practical  man  will  observe  the  i)ractical  expedients 
of  all  the  processes  and  select  and  combine  them  to  meet  the  require- 
ments of  his  special  case,  cutting  away  from  the  hampering  influence 
of  mere  precedent,  and  adopting  the  best  means  to  an  end,  thus  carry- 
ing out  what  Mr.  Constable  is  pleased  to  call  the  "American  idea  of 
wood-preserving  processes." 

In  connection  with  these  papers  I  would  also  refer  the  reader  to  a 
very  valuable  report  on  wood -preservation  made  by  a  committee  of  the 
American  Society  of  Civil  Engineers  to  that  body  at  its  annual  conven- 
tion in  June,  1885. 

A  new  interest  in  the  line  of  wood-preserving  processes  has  been 
added  in  the  economical  applications  of  wood -creosote  oil,  made  from 
the  Southern  pine,  a  report  on  which  was  kindly  prepared  by  Capt  Wm. 
H.  Bixby,  U.  S.  A. 

Particular  attention  is  called  to  the  reference  table  for  comparing 
annual  charges,  prepared  by  the  writer,  which  does  away  with  all  cum- 
bersome calculations  hitherto  practiced  even  by  engineers. 

The  notes  on  metal  ties,  prepared  in  this  office,  though  perhaps  not 
exhaustive,  will  furnish  nevertheless  ready  references  for  the  use  of 
engineers,  and  give  cumulative  evidence  of  the  practicability  and  de- 
sirableness of  this  substitute  for  wooden  ties.  While  the  treatment  of 
this  subject  from  the  railroad  engineer's  point  of  view  may  seem  at 
first  sight  not  germane  to  the  work  of  the  Forestry  Division,  I  think  it 
cannot  be  denied  that  forest  preservation  must  be  indirectly  but  most 
eflfectively  and  practically  promoted  among  this  class  of  consumers  by 
just  such  a  presentation  of  the  experiences,  so  far  had,  with  a  substitute 
for  what  involves  one  of  the  most  wasteful  and  destructive  uses  of  our 
forest  resources. 


With  the  improvemeut  which  has  been  made  in  the  laws  and  in  their 
execution,  regarding  fires  set  by  locomotives,  providing  a  more  ready 
method  for  the  collection  of  damages,  the  use  of  spark  arresters  has 
been  considerably  extended,  and  the  two  papers  on  the  subject  of  this 
means  of  preventing  fires,  i)repared  by  well-known  railroad  engineers, 
and  prefaced  by  Mr.  F.  H.  Egleston,  it  is  hoped,  may  weigh  suflBciently 
with  companies  not  yet  provided  with  those  contrivances  to  induce 
their  adoption  in  order  to  avoid  one  cause  of  useless  forest  devastation. 

B.  B.  F. 


THE  RELATION  OF'MItROADS  TO  FOREST  SUP- 
PLIES AND  FORESTRY. 


By  M.  G.  E[een,  Agent  of  the  Department. 


A  discussion  of  the  relation  of  the  railways  to  the  forests  of  America 
may  be  preceded  appropriately  by  a  glance  at  the  origin  and  growth  of 
the  railroad  system. 

The  year  1825  will  be  always  memorable  in  American  history  for  the 
completion  of  the  first  great  work  of  interual  improvement  in  the 
TJnited  States,  the  Erie  Oanal,  constituting  a  navigable  water-way  be 
tween  the  Hudson  River  and  Lake  Erie,  through  which  the  vast  terri- 
tory tributary  to  the  Northern  Lakes  was  opened  to  the  commerce  of 
the  world  by  a  channel  far  more  advantageous  to  American  interests 
thau  that  offered  by  the  Saint  Lawrence  River. 

The  completion  of  this  work  decided  forthwith  the  question  of  su- 
premacy amongst  Atlantic  seaports,  and  to  New  York  harbor  hence- 
forth the  products  of  the  newly-opened  empire  of  agriculture  and  pro- 
duction floated  to  find  their  outlets  into  the  world's  commerce. 

Aroused  to  unprecedented  exertion  to  counterbalance  the  advantages 
gained  by  New  York,  the  commercial  and  shipping  interests  concen- 
trated around  Chesapeake  Bay  united  in  undertaking  a  railway  to  con- 
nect the  tide- water  of  the  bay  with  the  Ohio  River,  necessitating  the 
passage  of  the  Allegheny  Mountains,  which  was  quite  impracticable  by 
means  of  a  canal. 

On  July  4, 1828,  the  citizens  of  Baltimore  assembled  to  break  ground 
for  the  inauguration  of  this  work,  the  magnitude  of  which,  and  its  elec- 
trifying influence  on  the  entire  country,  could  not  be  fully  foreseen  on 
that  memorable  day. 

In  1830  the  Baltimore  and  Ohio  Railway,  in  the  earliest  stage  of  its 
growth,  extended  23  miles  west  of  the  city  of  Baltimore,  and  was  oper- 
ated for  the  first  two  years  by  horse-power. 

The  inveutiou  of  the  locomotive,  following  soon  afterward,  gave  the 
impetus  which  brought  into  existence  the  giant  railway  system,  to  which 
is  due,  in  great  measure,  the  rapid  commercial,  social,  and  political 
development  of  the  North  American  continent. 
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The  new  system  of  transportation,  as  well  as  new  iuveutious  in  tlie 
coustructiou  of  the  railway  track,  rolling-stock,  and  machinery  were 
rapidly  adopted,  so  that  in  a  few  years  the  i)rincipal  Atlantic  States 
were  in  railroad  coinninnication  with  each  other. 

The  increase  of  railway  mileage  from  1830  to  1840  was  2,795  miles, 
and  the  mileage  of  1850  was  reported  as  9,021  miles. 

LAND-GRANT   ROADS. 

Up  to  this  time  the  railways  were  constructed  and  equipped  by  the 
people,  unaided  by  the  Government,  State  or  Federal  j  but  in  consider- 
ation of  the  benefit  accruing  from  them  to  the  country  at  large,  and 
desiring  to  extend  these  motors  of  civilization  over  the  young  and 
sparsely-settled  States  of  the  Union,  Congress  adopted  a  new  policy,  of 
momentous  importance  to  the  internal  improvements  of  the  Union.  The 
year  1S50,  therefore,  on  account  of  this  precedent  established  by  Con- 
gress, maj'^  be  regarded  as  the  second  epoch  in  the  construction  of  tiie 
railways  of  the  United  States.* 

Although  at  first  the  grants  were  made  to  the  several  States,  they 
were  in  all  cases  transferred  as  speedily  as  possible  to  railroad  com- 
panies which  were  chartered  by  them  to  construct  the  lines  upon  the 
general  route  specified  in  the  act  of  Congress  by  which  the  lands  were 
granted. 

The  enormous  increase  of  mileage  constructed  during  the  ensuing 
decade  speaks  eloquently,  not  merely'  for  the  object  aimed  at  by  Con- 
gress in  making  so  magnificent  a  grant  from  the  public  domain,  but 
likewise  of  the  indefatigable  energy  of  the  American  people. 

The  mileage  of  railways  in  1860  was  30,035  miles,  being  an  increase 
over  1850  of  21,614  miles.  In  the  decade  from  1860  to  1870,  embracing 
the  turbulent  time  of  the  civil  war  and  its  consequences,  the  question 
of  railway  construction  assumed  of  necessity  an  aspect  different  from 
that  of  a  time  of  peace  and  prosperity.  In  order  to  strengthen  the  in- 
tegrity of  the  Union,  Congress  determined  upon  the  construction  of  a 
system  of  railways  connecting  the  Atlantic  and  Pacific  States,  making, 
however,  the  grants  and  concessions  necessary  for  the  consummation  of 
so  grand  a  project,  not  to  the  several  States  but  to  corporations  organized 
directly  for  this  purpose. 

*  "In  the  case  of  tlio  Illiuois  Central  and  Mobile  and  Ohio  Railroads  it  granted  to 
States  in  aid  of  railroad  coustrnction,  upon  specified  routes,  six  sections  of  public 
lands  of  640  acres  each,  for  every  mile  of  road  built,  to  be  taken  by  the  odd  numbers 
■within  6  miles  of  the  proposed  route,  provision  being  made  that  under  certain  circum- 
Btances  the  grant  may  be  enlarged  to  apply  to  odd  sections  within  15  miles  on  either 
Bide,  so  as  to  make  up  the  full  amount  intended  to  be  granted.  Many  of  the  grants 
were  subsequently  further  enlarged  to  apply  to  sections  of  odd  numbeis  within  20  miles 
of  the  line.  Upon  the  sections  of  public  land  of  oven  uumberd  within  the  limits  of 
the  grant  the  price  ivas  raised  from  $1.25  to  $2.50  per  acre."— (Poor's  Manual  of  the 
Railroads,  187(5.) 
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The  coustnictiou  of  the  Pacific  railwajia  aud  their  coanectiug  links, 
vigorously  pursued  during  this  decade,  naturally  swelled  the  increase  to 
a  great  extent;  much  activity  in  construction  was  necessary  also  to  re- 
build and  to  enlarge  the  systems  of  the  Southern  States,  greatly  dam- 
aged by  the  chances  of  the  war. 

The  mileage  in  1870  was  52,914  miles;  an  increase  over  I860  of 
22,279. 

The  mileage  in  1880  was  93,349. 

The  mileage  at  the  close  of  1880  was  137,615. 

From  reports  which  have  been  received  by  the  publishers  of  Poor^  Manual  of  Rail- 
roads in  regard  to  work  done  or  in  progress,  it  is  evident  that,  unless  some  serious  con- 
vulsion should  appear  to  disarrange  and  defeat  plans,  not  less  than  12,000  miles  of 
new  road  will  be  constructed  during  the  present  year,  so  that  at  the  close  of  1887  we 
shall  have  150,000  miles  of  road  or  187,000  miles  of  railway  track. 

The  public  lands  have  been  granted  in  aid  of  seventy-eight  railroads,  the  first  grant 
having  been  made  in  1850  to  the  States  of  Illinois,  Alabama,  and  Mississippi,  for  the 
purpose  of  aidiug  the  construction  of  the  Illinois  Central  aud  the  Mobile  and  Ohio 
River  roads,  makiug  a  continuous  line  of  railway  from  Chicago  to  Mobile.  The 
granting  of  land  directly  to  railroad  companies  rather  than  to  Stales  for  the  benefit 
of  railroads,  began  with  the  grant  to  the  Union  Pacific  Company  in  1862. 

The  grants  made  to  all  the  roads  are  estimated  by  the  Commissioner  of  Public 
Lands  to  involve  197,203,808  acres,  being  only  5,000,000  acres  less  than  the  entire  area 
of  the  thirteen  States  which  originally  composed  the  Union.  Of  this  vast  amount 
of  laud  there  had  been  certified  or  patented  to  the  aided  railroads,  up  to  thg  7th  of 
March  of  the  present  year  (1887),  49,178,877  acres,  and  at  the  close  of  the  last  fiscal 
year  (1886)  selections  of  land  by  the  companies  amounting  to  16,571,300  acres  in  ad- 
dition were  awaiting  examination  and  the  decision  of  the  proper  officers  of  the  Gov- 
ernment. Of  the  land-grant  roads  there  were  completed  on  the  30th  of  Juue,  1886,  as 
appears  on  the  books  of  the  General  Land  Office,  17,724  miles,  distributed  in  the 
States  and  Territories  as  follows : 


States. 

■f 

MUes. 

States. 

Miles. 

Stated. 

Miles. 

901. 43 
602. 24 
383.  00 
1,  037. 91 
208.  60 
410.98 
689.  97 
90.00 
707.  00 

241. 35 

1,  547.  64 

1,485.65 

530. 00 

1, 045.  01 

2,144.11 

384.00 

625. 75 

780.  00 

768.  ,'")2 

Nevada 

4-16.00 

167.00 

325.  80 

Utah 

225.  00 

Minnesota 

Washington...... .... 

463. 60 

Florida 

973.  50 

500.  00 

Total 

*17, 724. 06 

In  many  cases  the  roads  aided  have  received  new  names  since  the  grants  were  made 
to  them  or  they  have  lost  their  names  by  being  merged  in  other  roads,  so  that  their 
original  names  do  not  appear  in  our  ordinary  lists  of  roads.  In  some  cases  projected 
roads  to  which  lands  were  granted  have  been  abandoned,  and  consequently  the  grants 
have  lapsed.  In  other  cases  claims  to  large  amounts  of  land  have  been  rendered  in- 
valid because  of  the  failure  to  complete  the  roads  within  the  time  stipulated  in  the 
grants,  and  the  question  of  the  forfeiture  of  this  land  is  now  awaiting  decision. — 
N.  H.  E. 

*  Later  iuformation  froDi  the  Commissioner  of  Bailroads  shows  that  on  the  1st  of  May,  1887,  tho 
length  of  the  laml-grant  roads,  completed  and  in  operation,  had  Luoreaaed  to  17,978  miles. 
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GEOGRAPHICAL  RELATION  OF  RAILROADS 
TO  THE  FOREST  AREA. 

With  the  railway  map  of  to  day  before  us,  a  brief  consideratiou  may 
properly  be  given  to  the  physical  characteristics  of  the  country  iu  refer- 
ence to  the  distribution  of  the  forests,  from  which  the  most  indispens- 
able material  of  construction  has  to  be  drawn.  The  vast  area  of  country 
lying-  east  of  the  liocky  Mountains  presents  the  two  opposite  extremes 
of  forest  and  treeless  plain. 

The  States  bordering  on  the  Atlantic  coast  from  north  to  south,  to- 
gether with  the  interior  and  Middle  States,  are  forest  territory,  iu  which 
settlement  and  civilization  could  gain  a  foothold  only  by  the  use  of  the 
ax.  The  forest  extended  from  the  Northern  Lakes  to  the  Gulf  of  Mexico, 
but  midway  in  the  Mississippi  Valley  was  met  by  the  treeless  prairie. 
The  change,  however,  was  not  abrupt,  but-  gradual,  both  forest  and 
prairie  dovetailing  deeply  into  each  other.  The  middle  ground,  extend- 
ing from  Minnesota  to  Texas,  is  a  territory  peculiarly  favored  by  the 
hand  of  nature,  possessing  the  fertility  and  ease  of  culture  of  a  i)rairie, 
together  with  an  abundance  of  timber  and  protection  from  the  inclem- 
encies of  the  climate  of  the  plains  of  the  West,  on  which  trees  flourish 
only  along  the  water-courses. 

On  the  Pacific  slope  the  greatest  forest  area  is  again  found  in  the 
North,* extending  in  many  ramifications  through  the  mountain  ranges. 
The  area  of  treeless  territory",  however,  is  equally  large,  especially  in 
the  southern  half  of  this  section. 

At  the  time  when  tke  railways  were  undertaken,  it  is  evident  that  an 
abundance  of  material  for  construction  existed  throughout  the  timbered 
district,  and  that  no  real  value  was  placed  on  the  material,  which, 
though  indispensable,  was  everywhere  encumbering  the  ground.  In 
the  construction  of  roads  over  widely-extended  treeless  plains,  the  sup- 
ply had  of  necessity  to  be  brought  from  great  distances  at  a  correspond- 
ing cost. 

Considering  the  stupendous  amounts  of  timber  already  withdrawn 
from  native  forests,  the  annual  demands  of  railways  now  in  operation, 
and  the  increase  of  mileage  from  year  to  year,  it  becomes  necessary  to 
take  a  more  accurate  survey  of  the  fields  of  demand  and  supply,  un- 
biased by  the  popular  delusion  of  the  inexhaustible  forest  wealth  of 
America.  This  necessity  is  no  longer  either  to  be  ignored  or  lightly 
treated  as  in  the  past. 

DEMANDS   OF   THE  RAILWAY   SYSTEM. 

For  construction.— A&^mnmg  187,500  miles  of  track  •  in  the  United 
States,  and  taking  2,640  ties  for  each  mile,  the  number  of  ties  in  use 
would  be  495,000,000,  each  tie  containing  an  average  of  3  cubic  feet ; 

*  In  considering  the  relation  of  the  railways  to  the  forests,  it  is  important  to  bear 
in  mind  the  distinction  between  the  length  of  road  and  the  length  of  track.  These 
often  differ  greatly  from  each  other.     For  example,  the  length  of  the  New  York 
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tbe  aiuouut  of  timber  imbedded  under  the  entire  mileage  and  undergo, 
ing  a  constant  process  of  decay  is,  therefore,  1,485,000,000  cubic  feet. 

Bridge-  and  trestle-work,  timber  and  poles  for  piling,  cannot  be  esti- 
mated with  the  same  accuracy,  as  roads  vary  indefinitely  in  topog- 
raphy and  material  of  bridge  construction  in  use,  whether  wooden  or  iron, 
piling  or  stone  masonry.  As  a  rule,  wooden  structures  are  employed  in 
the  first  stage  of  construction  of  new  roads,  to  be  replaced  as  soon  as 
practicable  by  more  permanent  material.  The  roads  of  the  older  States 
are,  therefore,  more  substantially  built  than  a  majority  of  southern 
and  western  roads,  in  which  a  far  greater  percentage  of  timber  is  em- 
ployed in  construction  than  on  the  great  trunk  lines  of  the  Eastern  and 
Middle  States.  On  many  southern  roads,  running  through  low  and 
swampy  districts,  piling  is  used  to  a  great  extent,  but  accurate  figures 
cannot  be  given  as  to  the  timber  used  for  this  purpose.  An  average  of 
2,000  cubic  feet  per  mile  is  considered  approximately  correct  by  engi- 
neers consulted  on  this  subject.  *  Therefore,  187,500  miles  of  track  con- 
tain 375,000,000  cubic  feet  of  bridge  and  trestle  timber. 

As  with  th^  preceding  items  of  bridge  and  trestle  construction,  it  is 
alike  impossible  to  make  a  correct  estimate  as  to  the  quantity  of  tim- 
ber used  per  mile  for  station-houses,  buildings  for  all  purposes,  and 
platforms,  all  requiring  large  amounts  of  timber.  The  amount  of  timber 
used  in  track  construction  proper  is,  therefore, — 

Cubic  feet. 

Ties  for  187,500  miles 1,483,000,000 

Bridge  and  trestle  timber 375,000,000 

Total 1,660,000,000 

It  can  be  safely  assumed  that  for  every  cubic  foot  ready  for  use,  1§  cubic 
feet  of  round  timber  is  required,  t    Therefore  the  amount  of  round  timber 

Central  and  Hudson  River  Railroad  is  442  miles;  but  it  has  four  tracks  from  Albany 
to  Buffalo,  besides  551  miles  of  sidings,  making  in  all  2,043  miles  of  track  to  bo  fur- 
nished with  ties,  bridge  timber,  etc.  So  the  length  of  the  Pennsylvania  road  from 
Jersey  City  to  Pittsburgh  is  445  miles ;  but  the  road  having  a  double  track  through- 
out and  449  miles  of  siding,  the  whole  length  of  the  track  to  be  supplied  with  ties, 
•fee,  is  1,3:59  miles.  A  carelul  comjjarison  of  the  length  of  roads  and  the  length  of 
their  tracks,  so  far  as  the  latter  are  reported,  warrants  the  conclusion  that  25  per 
cent,  should  be  added  to  the  reported  length  of  our  railroads  as  a  whole  in  order  to 
represent  fairly  the  additional  demand  for  rails,  ties,  etc.,  made  by  double  tracks  and 
sidings,  or  turu-outs. — N.  H.  E. 

*  The  Chicago,  Saint  Paul,  Minneapolis  and  Omaha  Company  report  their  tinjber- 
work  for  piling,  trestles,  bridges,  and  culverts  on  1,600  miles  of  road  as  being  1 
foot  to  every  cubic  yard  of  earth- woi'k.  Earth-work  ou  1,600  miles  amounts  to  15,000 
cubic  yards  per  mile.  Two  per  cent,  of  its  entire  length  is  in  bridges  of  all  kinds. 
The  average  duration  of  wooden  culverts  and  pile  and  trestle  bridges  was  eight  to 
ten  years;  of  truss- bridges,  nine  to  eleven  years, 

t  That  the  allowance  here  made  for  the  waste  of  the  forests  in  preparing  ties  or  other 
timber  for  market  is  fully  warranted,  and  the  waste  often  much  larger,  may  be  seen 
from  the  following  extract  from  a  trustworthy  lumber  journal: 

"  There  is  no  branch  of  the  lumber  industries  where  there  is  more  waste  of  raw 
material  than  iu  making  ties.     Each  tie  is  split  from  clear  wood,  and  it  takes  about 
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necessary  to  yield  the  above  product  may  be  estimated  at  3,100,000,000 
cubic  feet. 

Telegraph  Poles. — Each  mile  of  railway  requiring  thirty  telegraph 
poles,  the  total  number  of  poles  in  use  on  137,015  miles  of  railway  at 
the  close  of  188G  was  4,128,450,  and,  making  due  allowance  fot  double 
rows  along  many  sections  of  road,  can  be  safely  estimated  at  5,000,000, 
with  an  average  content  of  10  cubic  feet  each,  amounting  to  50,000,000 
cubic  ieet  of  pole  timber. 

In  consideration  of  the  steady  increase  of  mileage  during  the  last 
decade,  it  is  is  safe  to  anticipate  a  yearly  addition  of  5,000  miles  of 
track,  creating  annually  an  additional  demand  for  13,200,000  ties,  and 
10,000,000  cubic  feet  of  bridge  and  trestle  timber,  together  with  corre- 
sponding amounts  of  construction  timber  and  telegraph  poles. 

To  this  may  appropriately  be  added  a  very  large  amount,  incapable 
of  exact  estimate,  used  in  fencing  the  roads,  together  with  timber  inci- 
dentally employed  for  track  construction. 

The  above  figures,  though  they  may  be  in  certain  points  more  or  less 
exact,  give,  nevertheless,  an  approximate  idea  of  the  amount  of  timber 
cut  for  the  construction  of  the  American  railway  system ;  an  amount 
obtainable  only  on  a  continent  supplied  more  lavishly  with  forest  wealth 
than  any  other  portion  of  the  globe. 

Maintenance. — While  no  general  rule  can  be  laid  down  as  to  the  last- 
ing quality  of  timber  imbedded  under  the  track  and  used  in  bridges 
and  trestle-work,  subject,  as  it  is,  to  the  endless  variety  of  condi- 
tions of  soil  and  climate  in  different  sections  of  the  country,  never- 
theless it  may  be  safely  assumed  that  seven  years  is  the  limit  of  the 
average  usefulness  of  ties  of  the  best  kinds  of  hard-wood  and  four  years 
for  those  of  the  soft-woods. 

Bridge  and  trestle  timber  and  telegraph  poles  may  be  assumed  to 
last  ten  years. 

Therefore,  the  seventh  i)art  of  495,000,000  ties,  in  round  numbers 
equal  to  70,714,286,  is  required  each  year  for  the  maintenance  of  a  safe 

35  feet  of  clear  lumber  to  make  a  merchantable  tie.  Redwood  will  avera>|;e  about  50 
per  centum  of  clear  and  saitable  wood  for  ties.  Wheu  to  this  is  added  the  percent- 
age of  'culls'  that  are  arbitrarily  rejected  by  the  iuHpectors  ou  behalf  of  the  rail- 
roads at  the  owner's  expense,  it  will  be  found  that  each  tie  represents  about  75  feet 
of  good  merchantable  lumber  iu  the  standing  timber  destroyed  for  it.  Placing  the 
market  price  of  the  Redwood  lumber  at  §25  per  1,000  feet,  each  tie  represents  $1.87J^ 
worth  of  lumber.  Iu  the  light  of  these  figures,  it  conclusively  appears  that  theprea. 
ent  ruling  rate  of  Redwood  railroad  ties  (35  cents)  is  grossly  inadequate.  The  remr 
edy  lies  with  the  owners  of  the  lands  from  which  the  ties  are  cut.  If  they  will  com- 
bine, and  agree  that  they  will  no  longer  sivcriUce  their  timber  and  their  work  as  they 
have  been  doing,  but  will  insist  ou  being  paid  at  least  as  much  approximately  as  the 
lumber  represented  by  the  ties  is  worth,  they  can  contnd  the  situation.  It  would  be 
far  better  for  them  to  sell  their  lands  at  a  small  profit,  aud  get  into  some  more  profit- 
able occupation,  than  to  go  ou  for  years,  aud  at  the  end  find  themselves  without 
either  timber  or  money  to  compensate  them  for  their  wasted  endeavors.  The  rail- 
roads must  have  the  ties,  and  land-owuers  are  foolish  if  they  do  not  compel  the  pay- 
ment of  a  fair  price  for  them," — B.  E.  F. 
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track,  tojrotlicr  witli  oncteiitL  of  tUe  timber  used  iu  bridges,  trestk's, 
juid  pilings,  and  of  telegraph  poles  in  use  along  railroads,  giving  the 
following  figures : 

Cubic  feet. 

70,714,286  ties  (at  3  cubic  feot  each),  e<iiial 212, 142,8.")8 

llridgo  and  trestle  timber 37,500, CHKi 

Telegraph  poles,  500,000 5,000,(HX» 

Total  doaiand  for  uiainteuancu  ., 254,642,858 

To  this  must  be  added  the  amount  of  material  required  for  the  con- 
struction of  new  roads,  assumed  above  at  5,000  miles  annually,  being: 

Cubic  feet. 

13,200,000  .ties 39,600,000 

Bridge  and  trestle  timber 10,000,000 

150,000  telegraph  poles 1,500,0(K) 

Total 51,100,000 

Demands  for  maiutenaucc 254,642,858 

Demands  for  new  constructioi. 51, 100,000 

Total r. 305,712,858 

which  may  safely  be  considered  as  equal  to  509,521,430  cubic  feet  of 
round  timber. 

This  amount  of  timber,  required  for  the  specific  puri)oses  mentioned 
above,  is  cut  principally  in  those  sections  of  the  wooded  area  of  the 
United  States  where  the  kinds  of  trees  demanded  are  most  abundant, 
and  where  facilities  for  transportation  encourage  their  felling.  Heavily 
wooded  districts,  remote  from  existing  lines  of  communication,  have 
thus  far  escaped  the  attack  of  the  relentless  woodman's  ax,  and  form 
a  reserve  for  future  years,  when  new  railway  lines  will  extend  into  the 
dark  shades  of  these  forests  to  carry  off  the  timber  wealth  still  re- 
maining in  many  sections  of  the  land.  In  many  of  the  older  and  more 
poi)ulous  States  of  the  LTniou  the  forests  are  already  thin  and  meager, 
and  many  tracts  reported  as  forest  lands  are  simply  wastes  of  brush 
and  fire- wood. 

Amidst  the  endless  diversity  in  the  location  of  forests  and  the  preva- 
lence of  various  kinds  of  timber,  it  is  impossible  to  estimate  with  ac- 
curacy the  area  necessary  for  the  production  from  year  to  year  of  the 
great  amount  of  timber  required  by  the  railways.  Estimates,  to  be 
worth  more  than  guesses,  must  bo  based  on  established  data,  which 
unfortunately  are  but  few  in  the  forestry  practice  of  the  United  States. 

Tbe  number  of  ties  obtainable  from  an  acre  of  forest  land  is  very 
variable.  The  same  is  true  of  the  yield  of  timber  on  pine  and  cy])ress 
lands,  from  which  arc  mainly  derived  the  timbers  of  large  dimensions 
for  bridge  construction.  Trees  suitable  for  telegraph  jjoles  are  indigen- 
ous only  in  certain  few  regions,  but  the  number  of  poles  cut  on  many 
an  acre  is  quite  often  very  large. 

Assuming  an  average  yield  of  300  ties  per  acre,  70,714,2SG  ties,  the 
;iumber  demanded  annually  for  maiuteuanco  of  the  present  mileage  of 
217."3— Bull.  No.  1 2 
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track,  would  rcqiiiro  a  forest  area  of  235,714  acres,  and  5,000  miles  of 
ucw  road  annually  built  would  require  an  area  of  44,000  acres  to  be 
cut  over  for  railroad  construction,  in  all  amounting;  to  2,707,140  acres 
iu  one  decade  alone.  Although  300  ties  per  acre  may  be  considered 
too  high  an  average  for  a  largo  portion  of  the  forests  of  the  United 
States,  which  have  been  culled  for  the  best  tie-timber  for  many  years 
past,  yet  it  can  be  readily  seen  that  with  a  smaller  average  per  acre,  a 
much  greater  area  will  necessarily  bb  cut  over  each  year.  If  the  fre- 
quent estimate  of  100  ties  per  acre  be  taken,  the  area  drawn  upon  an- 
nually will  be  839,142  acres,  and  the  necessary  reserve  for  ten  years 
will  be  8,391,420  acres. 

On  the  other  hand,  assuming  an  average  yield  per  acre  of  3,000  cubic 
feet  of  "  dimension  "  timber  and  lumber,  together  with  500  telegraph 
l)oles  per  acre,  the  area  needed  for  yearly  maintenance  will  be,  for, — 

Acres. 

"Dimension"  timber  and  lumber 12,500 

Telegraph  i)ole8 1,000 

13, 500 
And  adding  area  necessary  for  ties 235,714 

We  have  a  total  o^ 249,214 

to  servo  the  maintenance  of  our  railways. 
The  area  needed  for  annual  new  construction  would  appear  to  be  : 

Acres . 

Ties  44,000 

' '  Dimension  "  timber  and  lumber 3, 333 

Telegraph  poles 300 

47,663 

KECAPITULATION.  * 

AcruB. 
Annual  maintenance  of  187,500  miles  of  track,  with  137,615  miles  of  telegrai)h 

lines,  requires 249,214 

Annual  new  construction  of  5,000  miles 47, 633 

Total : 296,847 

Qualiiy  of  timber  required. — The  speed  and  weight  of  railway  traflic 
demand  unconditionally  the  selection  of  the  best  timber.  The  neces- 
sity of  imbedding  the  cross-ties  in  earth  ballast,  by  which  a  constant 
process  of  decomposition  of  the  woody  fiber  is  induced,  requires  the 

*  This  appears  rather  as  a  hand-to-mouth  calculation,  which  does  not  take  into 
consideration  the  continuous  existence  of  the  railroads  and  of  their  requirements  of 
wood  supplies.  Calculating  upon  present  couditious,  which  require  the  production 
of  wood  at  the  rate  of  more  than  500,000,000  cubic  feet  of  round  timber  annually,  it 
would  be  necessary  to  arrive  at  some  idea  of  what  forest  area  cOuld  produce  such  an 
amount  continually  as  its  accretion,  A  yearly  average  production  of  50  cubic  feet 
per  acre  for  large  areas,  with  a  long  perioil  of  time  and  tolerably  well-stocked  forest 
can  be  assumed  as  a  rejisonable  result.  From  this  it  would  appear,  that  to  supjily 
continuously  the  i)reHent  denuind  of  wood  for  railway  construction  would  necessitate 
a  reserve  of  not  less  than  100,000,000  acres  of  well-stocked  thrifty  forest.— B.  ij,  Y- 
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most  lasting  timber.  Kailway  companies  use,  tlicrefoic,  the  best  timber 
obtainable  within  a  reasonable  distance  from  their  lines. 

In  consequence  certain  pre-eminently  valuable  kinds  are  required  in 
the  greatest  quantities,  and  adding  to  this  the  general  preference  given 
to  young  and  thrifty  timber,  possessing  the  greatest  toughness  and  elas- 
ticity, it  can  be  readily  seen  that  the  time  may  not  bo  far  distant  when 
the  wonted  supply  of  those  kinds  will  become  exhausted.  Many  mill- 
ions of  young  trees  of  the  White  Oak  tribe  are  cut  annually,  ea<;h  of 
which  make  but  one  tie.  When  one  locality  is  exhausted,  this  scene  of 
slaughter  of  the  most  valuable  young  timber  is  simply  shifted  to  an- 
other. The  careful  selection  of  the  best  material  makes  the  waste 
throughout  necessarily  large. 

Telegraph  poles,  required  to  be  straight,  smooth,  and  lasting,  aie 
made  of  Chestnut  and  Red  and  White  Cedar  timber,  which  abounds 
principally  in  the  Northeastern  and  Atlantic  States.  Tennessee,  Ar- 
kansas, and  Texas  likewise,  furnish  large  quantities  of  this  material. 
Preference  is  given,  however,  to  Cedar  poles  grown  on  the  barren  up- 
lands rather  than  to  those  grown  on  the  sandy  lowlands  of  the  South- 
ern States. 

"  Dimension "  timber  for  bridge  construction,  lumber  for  stations, 
and  material  for  car-building  naturally  belong  to  the  lumber  trade  and 
command  the  ruling  prices  obtaining  in  that  industry.  It  is  noteworthy 
in  this  connection  that,  while  prices  are  on  the  ascendency  in  the  latter, 
the  value  of  ties  is  comparatively  stationary,  lower  even  to-day  in  cer- 
tain sections  than  ten  or  fifteen  years  ago. 

Adequacy  of  supply. — Railways  built  through  timbered  districts  en- 
counter little  difficulty  in  procuring  the  needed  supply  of  construction 
timber,  in  the  selection  of  which  they  have  had  an  almost  unlimited 
choice.  The  abundance  and  cheapness  of  wood  has  exercised  a  great 
influence  in  the  shaping  of  the  modes  of  construction  in  vogue  in  a 
country  in  which  for  several  generations  past  the  inhabitants  have 
been  busily  engaged  in  clearing  the  land  of  the  timber.  Are  wo  to 
wonder  at  the  accounts  of  proverbial  waste  in  the  earlier  days  of  the 
country,  a  i)opular  policy  simply  unavoidable  under  circumstances  con- 
trolling those  pioneer  periods  f  But  would  it  be  wise  to  cling  to  the 
traditions  of  the  past,  refusing  to  judge  impartially  the  necessities  of 
the  future,  in  which  the  demands  for  forest  products  will  ever  be  on 
the  increase  ? 

The  agencies  employed  in  supplying  the  enormous  quantities  of  ties 
re(iuired  by  the  railway  system  determine,  to  a  great  extent,  the  amount 
and  price  of  material  ottered  in  the  market.  In  many  parts  of  the 
country  the  cutting  and  hauling  of  ties  to  railway  stations  is  performed 
mostly  by  the  farmers,  to  whom  this  labor  is  a  source  of  ready  cash  and 
employment  of  spare  time.  Owing  to  this  mode  of  supply  an  abun- 
dance of  material  is  steadily  ottered,  giving  railways  full  control  in  the 
selection  of  the  best  quality  and  in  the  price  paid,  while  by  a  regula- 
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tiou  of  llio  rates  of  freight  they  can  preveut  an  undue  export  to  the 
treeless  sections  of  the  country,  or  check  materially  the  lumber  indus- 
try of  certain  localities.  In  this  way  prices  are  kei>t  down  and  a  show 
of  seeming  abundance  is  maintained  which  does  not  in  the  least  prove 
the  supply  to  be  adequate,  but  merely  shows  that  the  great  number  of 
people  engaged  in  this  industry  are  willing  to  haul  ties  to  the  railways 
over  distances  steadily  increasing  as  the  timber  nearest  the  lines  is  cut 
oflf.  Immense  quantities  of  tie-timber  are  thus  cut  down  and  delivered 
to  the  railways  at  prices  below  its  real  value.  At  the  time  the  leading 
lines  west  of  the  Missouri  River  were  constructed,  extensive  tracts  of 
White  Oak  timber  were  laid  waste  in  the  Western  States.  And  the 
same  process  is  going  on  throughout  the  White  Cedar  regions  of  the 
North,  from  which  immense  quantities  of  ties  are  thrown  on  the  lumber 
market.  These  channels  of  supply,  based  solely  on  considerations  oi' 
monetary  i^roflt,  will  continue  to  bring  to  market  the  forest  wealth  of 
many  sections  of  the  land,  but  in  many  instances,  and  at  a  time  not  far 
distant,  nature's  bountiful  supply  will  be  exhausted,  and  the  reckless 
system  of  forest  clearing  will  of  necessity  be  a  thing  of  the  past.  Many 
parts  of  the  country,  once  well  supplied  with  valuable  timber,  have 
passed  through  the  process  of  "  improvement,"  but  to-day  feel  quite 
keenly  the  loss  sustained  in  former  years. 

Aside  from  railway  supply,  a  notable  diminution  of  forest  wealth  is 
beginning  to  be  felt  by  many  industries  depending  for  raw  material  on 
certain  valuable  kinds  of  timber.  Approaching  scarcity  is  i)lainly  in- 
dicated by  steadilj^  advancing  prices,  and  by  the  difficulty  already  ex- 
perienced in  the  manufacturing  centers  of  obtaining  the  desired  mate- 
rials, llailway  managers  acknowledge  quite  candidly  that  the  present 
condition  of  the  supply  cannot  last  for  an  indefinite  i)eriod,  as  many 
leading  centers  of  production  are  now  practically  exhausted,  necessi- 
tating transportation  over  far  greater  distances  than  heretofore. 

The  discussion  of  substitutes  for  wood  in  railroad  construction  thus 
becomes  a  subject  of  great  interest  to  the  railway  world,  as  it  can  be 
l)redicted  with  certainty  that  necessity  will  soon  force  the  roads  travers- 
ing the  treeless  i^lains  to  seek  a  substitute  for  the  wooden  lie.  The 
modern  steel  tie,  which  thus  far  has  given  great  satisfaction  on  Euro- 
pean railways,  will  undoubtedly  find  extensive  adoj)tion  in  the  railway 
system  of  America.  There  are,  however,  two  expedients,  already 
widely  discussed  and  experimented  with  in  this  couutry,  by  which  this 
l)ressure  upon  the  most  valuable  forest  products  may  be  sensibly  re- 
lieved. The  one  relates  principally  to  railway  interests;  the  other  a[)- 
peals  to  the  intelligence  and  enterprise  of  the  people  at  large.  They 
are,  first,  the  adoption  of  means  of  preservation  by  which  many  kinds 
of  timber  heretofore  rejected  in  railway  construction,  and  therefore 
still  in  great  abuudanco  in  many  sections,  may  be  made  valuable  ; 
second,  the  planting  and  cultivating  of  the  most  valuable  timber  trees 
on  a  scale  commensurate  with  future  demands.    In  support  of  this  pro- 
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posal  to  substitute  various  timbers  liitlierto  but  sparingly  used  in 
track  construction,  reference  may  be  made  to  tiie  experience  of  Euro- 
pean railways  with  bcecb,  which,  together  with  closeness  of  fiber  to 
hold  spikes,  combines  the  requisite  hardness  to  withstand  the  concus- 
sion of  heavy  trattic,  but  lacks  durability  when  in  contact  with  the 
ground  subject  to  excessive  changes  in  dryness  and  moisture.  When 
properly  treated  with  an  antiseptic  the  tie,  which  in  its  natural  state, 
lasts  but  five  or  six  years,  is  made  to  last  from  ten  to  twelve. 

The  same  treatment  is  applied  to  various  inferior  kinds  of  pine,  trans- 
forming them  into  valuable  material,  while  in  their  natural  condition 
they  are  almost  useless  for  railroad  construction.  In  consequence  of 
the  rapid  increase  of  railroads  in  European  countries,  and  their  compara- 
tively small  timber  resources,  these  precautionary  measures  of  econ. 
omy  have  there  been  Ibrcibly  demanded,  and  they  have  also  attracted 
the  attention  of  American  railway  companies,  some  of  which  have  ex- 
perimented quite  extensively  wiih  the  leading  processes  of  timber  pres- 
ervation in  vogue  in  Europe. 

Thegreat  abundance  and  cheapness  of  timber  in  this  country  hitherto 
has  made  the  economy  of  any  expensive  preserving  process  quite  doubt- 
ful, while  the  dishonesty  with  which  contracts  for  preservation  have 
been  fulfilled,  in  many  instances  resulting  in  the  protection  of  only  an 
outer  shell  surrounding  the  speedily  decaying  heart,  has  proved  a  great 
impediment  to  real  progress. 

The  question,  however,  is  only  postponed  to  a  time,  not  far  distant, 
when  the  price  of  first-class  tie-timber  will  show  a  marked  increase.  It 
is  obvious  that  the  lines  in  timbered  sections,  within  cheap  and  easy 
reach  of  all  the  road  material  needed  by  them,  have  no  immediate 
interest  in  tlie  question  of  the  preservation  of  the  very  product  in  the 
carrying  traffic  of  which  they  are  principally  engaged,  and  no  induce- 
ment could  lead  them  to  engage  in  enterprises  for  which  there  is  neither 
real  nor  immediate  necessity.  The  case,  however,  is  entirely  different 
with  lines  in  sparsely  wooded  districts  from  which  the  most  available 
timber  has  already  disa[)peared,  and  where  forebodings  of  coming  defi- 
ciency of  home  supply  are  already  sensibly  felt;  yet  it  concerns  more 
especially  the  lines  on  the  oi)en  plains  which  dei)eiul  exclusively  on 
remote  forest  districts  for  their  supply  of  timber.  On  the  proverbially 
fertile  soils  of  these  broad  prairies  soft-wood  timbers  can  be  encouraged 
to  grow  with  great — quite  often  with  wonderful — rapidity,  thus  securing 
an  abundant  supply  for  track  construction  and  for  many  mechanical 
purposes,  provided  the  texture  of  the  wood  can  be  sufliciently  strength- 
ened, and  made  more  durable  by  a  process  of  preservation,  the  exi>ense 
of  which  does  not  prohibit  its  general  adoption. 

Correspondence  recently  had  on  the  subject  with  managers  and 
engineers  of  leading  western  roads,  a  resume  of  which  will  be  found 
in  the  appended  summary  of  eorrespontlence,  establishes  the  fact  that 
the  attention  of  various  lines  is  Iwiug  prominently  directed  to  this  im- 


l)ortniit  subject,  and  also  that  tlio  rnion  Pacilic  liailway  is  erecting 
preserving'  works  at  Omaha,  Xebr.,  for  the  special  purpose  of  treating 
the  soft-woods  for  ties  and  piling,  while  the  Atchison,  Topeka  and  Santa 
F6  Koad  has  established  extensive  works  at  Las  Vegas,  X.  Mex.,  oper- 
ated under  the  Wellhouse  tannin  process.  * 

The  ncccsfiity  of  timber  culture. — The  satisfactory  results  of  forest-tree 
culture  attained  by  the  early  settlers  of  the  bleak  prairies  of  the  West 
and  Northwest  have  demonstrated  beyond  a  doubt  that  timber  trees, 
so  indispensable  to  the  homestead  on  the  treeless  plain,  as  material  for 
construction,  for  fencing,  and  for  fuel,  can  be  raised  by  each  farmer 
willing  to  devote  to  them,  for  the  few  years  of  their  earliest  growth,  the 
same  care  and  culture  that  he  is  accustomed  to  give  to  a  crop  of  corn. 
Tree  culture  has  become  a  legitimate  branch  of  agriculture,  and  is 
practiced  by  every  intelligent  farmer  from  the  shores  of  the  Arkansas 
River  to  the  northmost  prairie  of  Dakota.  Well  may  it  be  said  that 
in  this  instance  necessity  has  been  the  mother  of  invention,  but  it  has 
likewise  been  the  faithiful  teacher  of  arboriculture. 

Belts  and  groves  planted  a  few  decades  ago  have  already  furnished 
abundant  material  for  house  construction  and  for  the  most  pressing 
economic  wants,  lending  to  the  prairie  farm  a  manifest  protection  from 
the  hardships  of  an  open  treeless  country. 

With  these  gratifying  evidences  of  success  before  the  public,  the 
question  suggests  itself,  why  should  not  railway  timber  be  raised  as 
well  as  wood  material  needed  by  the  farmer  ? 

This  question  has  already  been  extensively  agitated,  and  a  few  in- 
stances can  be  pointed  out  where  planting  has  been  actually  begun. 
In  the  majority  of  cases,  however,  decisive  action  has  been  deferred  to 
a  more  convenient  time,  which  amidst  the  constant  pressure  of  the 
operating  service  of  the  railways  has  not  yet  come.  The  indilference 
of  many  railroad  managers  to  plans  for  the  preservation  of  the  needed 
timber  supply  is  easily  accounted  for  when  the  present  abundance  of 
material  is  taken  into  consideration  on  the  one  hand,  and  on  the 
other,  that  the  length  of  time  required  to  grow  timber  to  a  size 
suitable  for  track  construction  prevents  the  existing  administrations 
from  inaugurating  enterprises  in  timber  culture  the  full  frnil  ion  of  which 
is  not  likel^^  to  come  during  their  time  of  holding  the  reins  of  manage- 
ment. The  uncertainty  of  eventual  success,  owing  to  the  ever-present 
danger  of  destructive  fires,  depredations  and  unlawful  acts  of  the  com- 
munity, necessitating  an  extra  service  for  guarding  the  forests,  is  like- 
wise a  grave  objection  to  a  policy  apparently  within  easy  reach  and 
control  of  the  great  railway  corporations,  which,  as  a  rule,  own  large 
tracts  of  land  capable  of  producing  great  quantities  of  t-imber. 

It  is  much  to  be  regretted  that  at  the  time  of  the  passage  of  the  land- 
grant  acts  the  necessity  of  an  American  system  of  forestry  was  but  lit- 
tle foreseen,  as  a  clause  might  justly  have  been  inserted  in  the  act, 

*  The  subject  of  wood  preservation  is  treated  at  greater  length  in  Appendix  2 
(p.  60),  to  which  reference  may  bo  Il-kI  for  furtlier  information. 
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restricting  raihvaj's  that  accepted  the  valuable  grants  of  the  public 
domain  from  wasting  the  forest  lands  received  from  the  Government, 
and  binding  them  to  a  perpetual  maintenance  of  a  certain  forest  area 
to  supply  their  future  wants,  either  reserved  from  the  primitive  forest 
or  established  by  a  system  of  planting  and  forest  culture. 

Could  the  voice  of  immortal  Evelyn,  who  two  centuries  ago  aroused 
the  people  of  old  England  to  a  full  realization  of  the  value  of  their  for- 
ests, have  been  hear<l  in  the  American  Congress  of  1850,  or  had  the 
wonderful  results  of  his  earlj'  teachings,  visible  in  all  European  coun- 
tries, been  heeded  at  the  time,  the  land  grant  acts  of  Congress  would 
have  proved  a  greater  blessing  to  America  than  they  have  been. 

To  sum  up  briefly  the  results  of  the  agitation  in  favor  of  timber  cult- 
ure by  railway  companies,  it  can  be  stated  that,  while  the  imperative 
necessity  of  such  a  movement  is  freely  acknowledged  by  those  best  in- 
formed in  regard  to  the  demands  of  the  present  and  the  outlook  of  the 
future,  little  disposition  ou  the  part  of  the  railway  companies  to 
enter  practically  into  such  an  enterprise  has  so  far  manifested  itself. 
And  it  is  equally  clear  that  so  long  as  a  new  dei)artureHii  forest  culture 
is  asked  or  expected  from  the  heads  of  the  operating  service,  to  whom 
appeals  have  in  greater  part  been  made,  no  enterprise  on  a  scale  even 
distantly  proportioned  to  the  magnitude  of  the  issue  can  reasonably  be 
expected,  and  this  mainly  from  the  fact  that  the  service  must  be  man- 
aged in  accordance  with  conditions  existing  for  the  time  being  and  as 
they  will  appear  on  the  yearly  balance-sheet  of  every  corporation. 
Present  expediency  and  restriction  of  expenditures  outweighs,  there- 
fore, all  possible  advantages  of  the  certain  future. 

The  managers  of  various  leading  railways,  especially  those  of  the 
Western  Plains,  formerly  called  the  "  Great  American  Desert,"  have 
accorded  liberal  encouragement  to  tree  culture  and  home  forestry,  by 
establishing  experimental  stations  and  nurseries  in  various  sections  of 
their  lines,  designed  to  show  the  possibility  of  tree  culture,  to  attract 
settlement,  and  in  consequence  to  promote  the  sale  of  lands  granted  to 
them  by  the  Government.  As  soon  as  those  objects  were  successfully 
accomplished  the  companies  withdrew  from  this  inviting  field  of  arbori- 
culture, leaving  it  to  the  energy  of  the  settler.  It  is  gratifying  that  one 
instance  denoting  broader  views  of  the  necessity  of  forest  culture  can 
be  reported — that  of  the  extensive  plantation  established  in  Crawford 
County,  Kansas,  by  Mr.  H.  IT.  Hunnewell,  of  Massachusetts,  president 
of  the  Kansas  City,  Fort  Scott  and  Gulf  Kailway.  This  far  seeing  rail- 
road manager  and  liberal  friend  of  horticulture  has  caused  two  sections 
of  prairie  land  to  be  planted,  in  greater  part  with  the  hardy  Western 
Caialpa,  one  section  belonging  to  the  above-named  corporation,  the 
other  his  private  property.  The  success  attending  this  timely  enter- 
prise, conducted  by  one  of  the  honored  pioneers  of  AnuM-ican  forest 
culture,  Robert  Douglas,  of  Illinois,  has  so  far  exceeded  the  most  san- 
guine expectations  that  it  nuist  be  regarded  as  a  landmark  in  the  future 
development  of  this  great  interest. 
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The  trees  were  cultivated  for  four  successive  years,  until  tbey  bad 
attained  suflicient  size  to  fully  shade  the  ground  and  suppress  the 
growth  of  weeds.  The  closeness  of  their  stand  is  forcing  a  straight 
and  upward  growth  with  but  few  lateral  branches,  which  in  time  will  be 
removed  by  a  natural  process. 

This  brief  statement  indicates  the  fundamental  requisites  of  success 
in  timber  culture.  Proper  preparatiou  of  the  soil,  intelligent  cultiva- 
tion of  the  growing  trees  until  large  enough  to  take  care  of  themselves, 
and  close  planting  to  secure  height-growth  and  straiglitness  of  stem, 
the  plan  pursued  by  nature  herself  in  rearing  mighty  forests.  To  this 
is  to  be  added  the  necessity  of  selecting  the  most  valuable  kinds  for 
the  object  in  view. 

Considering  the  history  of  the  plantation  in  its  relation  to  the  corpo- 
ration to  which  it  owes  its  existence,  it  will  be  seen  that  three  condi- 
tions favored  its  rise  and  development,  which,  under  circumstances  lack- 
ing these  favorable  influences,  would  never  have  taken  place,  or  like 
former  attempts,  woiild  have  resulted  in  failure.  To  illustrate:  a  man 
largely  interested  in  railway  property,  and  conversant  with  the  abori- 
cultural  topics  freely  agitated  iu  the  United  States,  issues  the  order  for 
a  plantation.  At  first  his  subordinates  attempt  to  execute  this  order, 
but  soon  become  disgusted  with  a  work  so  utterly  foreign  to  the  operat- 
ing service  of  a  railroad.  Thus  the  project  is  in  danger  of  being 
dropped.  But  an  ardent  pioneer  of  forest  culture  steps  forward  to  save 
so  far-reaching  an  enteri)rise,  hoped  for  these  many  years,  shoulders 
the  financial  risk  involved,  and  performs  the  work  under  a  great  sacri- 
fice of  his  personal  comfort,  assisted,  however,  by  the  hearty  coopera- 
tion  of  the  executive  officers  of  the  road. 

The  conditions  indispensable  to  every  similar  enterprise  are,  that  the 
order  come  from  the  financial  headquarters;  that  there  be  unerring, 
sound  judgment  in  the  execution  of  the  work,  and  good  will  and  co- 
operation on  the  part  of  the  executive  officers  of  the  respective  roads, 
without  which,  though  well  planned  and  conducted,  the  work  may  be 
greatly  impeded  by  delays,  and  even  practically  fail. 

In  the  report  of  the  Department  of  Agriculture  for  1885  there  will 
be  found  an  account  of  this  forest  tract,  together  with  one  of  the  growth 
of  the  trees  planted  in  three  successive  years,  and  of  the  financial  aspect 
of  the  enterprise,  given  by  the  manager  of  the  plantation,  and  by  tlie 
general  manager  of  the  Kansas  City,  Fort  Scott  and  Gulf  Railroad;  by 
which  it  is  plainly  demonstrated  that  railway  corporations  can  contract 
with  reliable  parties  for  the  i^lanting,  cultivation,  and  care  of  extensive 
forest  tracts  at  very  moderate  prices,  thus  relieving  the  executive  offi- 
cers from  all  cares  and  responsibilities  incident  to  arboricultural  enter- 
prises, in  the  successful  management  of  which,  as  a  rule,  they  have  no 
experience,  and  consequently  no  desire  to  enter  into  them. 

Time  only  can  develop  the  full  result  of  this  pioneer  enterprise. 
Whatever  siu'.(;ess  may  alleiid  it  in  after  years,  these  stately  blocks  of 
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yoniij?  and  tlirilty  trees,  sprung  up  as  if  by  magic  on  a  treeless  prairie, 
and  tlie  lesson  in  arboriculture  imparted  by  their  future  development 
will  be  of  undeniable  value  to  the  country  at  large,  <tenionstrating  not 
merely  the  possibility  of  successful  timber  growth  on  open,  stormy 
plains,  but  also  the  advantages  gained  by  stocking  idle  and  otherwise 
unproductive  lands  with  valuable  seedling  trees  which  will  develop  into 
majestic  forests. 

The  time  cannot  be  far  distant  when  the  attention  of  capitalists  in- 
vesting so  lavishly  in  railwaj^  properties  will  be  directed  towards  a 
closer  investigation  of  this  financial  question,  and  when  once  convin(;ed 
of  the  feasibility  of  timber  culture  from  a  financial  point  of  view,  the 
step  towards  action  will  not  appear  so  problematic  as  it  must  neces- 
sarily be  before  the  hard  crust  of  doubt  and  the  uncertainty  of  eventual 
success  is  broken  by  actual  experience,  gained  by  the  liberal  invest- 
ments of  the  comparatively  few  far-seeing  and  philanthropic  pioneers 
of  American  forest  culture. 

Itailway  corporations  are  deeply  interested  in  the  perpetuity  of  suit- 
able material  for  the  maintenance  of  their  thousands  of  miles  of  track. 
The  leading  managers  of  the  railways  of  the  sparsely-timbered  sections 
cannot  fail  to  see  the  advantages  to  accrue  in  future  years  from  a  gen- 
eral interest  in  favor  of  timber  culture  aroused  amongst  the  owners  and 
tillers  of  the  soil;  a  forward  movement  which  can  be  most  effectually 
promoted  by  making  the  people  of  every  section  along  the  various  lines 
familiarly  acquainted  with  the  value  and  ease  of  culture  of  certain  kinds 
of  timber,  in  which  not  only  the  railways,  but  the  people  at  large,  are 
niost  prominently  interested. 

No  more  effectual  mode  of  arousing  this  interest  can  be  suggested 
than  that  of  railway  corporations  planting  in  various  suitable  localities 
along  their  lines  specimen  groves  or  blocks  of  such  kinds  of  timber  trees 
as  are  worthy  of  the  greatest  possible  dissemination  amongst  the  agri- 
cultural i)eople.  Let  this  timely  enterprise,  entailing  but  compara- 
tively small  outlay,  and  within  the  reach  of  nearly  every  corporation, 
bo  conducted  in  accordance  with  the  best  arboricultural  knowledge 
and  experience  of  the  day,  and  above  all  let  the  young  plantations  be 
properly  cultivated  until  able  to  take  care  of  themselves,  and  be  pro- 
tected as  far  as  possible  from  destructive  fires,  and  success  can  be 
looked  for  with  certainty.  Let  it  be  remembered,  too,  in  this  connec 
tion,  that  a  few  successful,  well-paying  orchards,  planted  in  early  days, 
have  done  more  service  in  the  rise  and  spread  of  American  fruit  cult- 
ure than  all  the  combined  efforts  of  authors  and  orators  on  horticult- 
ural topics. 


SUMMARY  OF  CORRESPONDENCE  WITH  RAILROAD  OFFICERS. 


During  the  joar  WHCt  a  circular  was  directed  to  railroad  comiianies,  cliiofly  those 
located  in  tlio  western  part  of  the  country,  for  the  purpose  of  ohtaining  information 
in  reg.'trd  to  the  consumption  of  timher  for  the  construction  of  their  roads,  the  ex- 
tent to  which  they  were  engaged  in  the  cultivation  of  timher  for  railroad  huilding, 
or  in  the  planting  of  trees  for  wind-hrcaks  and  as  a  protection  from  snow-drifts; 
and,  in  general,  as  to  the  prospect  of  an  adequate  supply  of  timher  for  railroad  pur- 
poses in  the  future. 

Replies  to  the  circnlar  were  received  from  the  following  companies,  thirty-five  in 
all,  viz:  Atlantic  and  Pacific  (New  Mexico);  Burlington,  Cedar  Rapids  and  Northern; 
Chicago,  Burlington  and  Quincy  ;  Chicago  and  Alton  ;  Chicago  and  Eastern  Illinois; 
Chicago  and  Northwestern;  Chicago,  Saint  Paul,  Minneapolis  and  Omaha;  Central 
Iowa;  Cincinnati, Indianapolis,  Saint  Louis  and  Chicago;  Cincinnati,  Wahash  and 
Michigan;  Denver  and  Rio  Grande;  Detroit, Lansing  and  Northern;  Hannihal  and 
Saint  Joseph  ;  Illinois  Central ;  International  and  Great  Northern ;  Kansas  City,  Fort 
Scott  and  Gulf;  Little  Rock,  Mississippi  River  and  Texas;  Louisville  and  Nashville; 
Louisville, New  Orleans  and  Texas;  Louisville,  New  Albany  and  Chicago;  Michigan 
Central;  Missouri  Pacific;  Mohilo  and  Ohio;  Nashville,  Chattanooga  and  Saint 
Louis;  New  York,  Pennsylvania  and  Ohio;  Northern  Paciiic ;  Pennsylvania  Rail- 
road; Pensacola  and  Atlantic;  Pittsburg,  Cincinnati  and  Saint  Louis ;  Saint  Louis, 
Alton  and  Terre  Haute ;  Saint  Louis  and  San  Francisco ;  Southcni  Pacific :  Torre 
Haute  and  Indianapolis;  Union  Pacific  ;  Wabash,  Saint  Louis  and  Pacific. 

These  roads  have  4r),787  miles  of  track  in  operation.  In  their  construction  IH, 6(58,423 
ties  have  been  used,  at  an  average  cost  of  .35.(5  cents  ca«h. 

The  average  number  of  new  ties  required  annually  for  each  mile,  to  replace  decayed 
ones,  is  365  ;  the  average  duration  of  ties  is  7.2  years. 

To  the  question, ' '  Has  your  road  made  any  efforts  or  experiments  in  timber  culture  ?  " 
ten  of  the  companies  reply  affirmatively. 

The  Illinois  Central  Company  report  that  they  i)lanted  some  Larches  in  1872,  that 
they  gave  them  very  little  attention,  and  the  greater  portion  of  them  died. 

The  Kansas  City,  Fort  Scott  and  Gulf  Railroad  Company  are  distinguished  above 
all  other  railroad  companies  of  the  country  for  the  extent  and  systematic  manner  in 
which  they  have  engaged  in  tree-planting.  A  full  account  of  their  plantation  is 
given  elsewhere  in  reports  from  this  division. 

The  Northern  Pacific  Railroad  Company  report  that  experiments  have  been  made 
with  Box-Elder,  Cottonwood,  Ash,  and  Willow,  but  do  not  give  the  result. 

The  Burlington  and  Missouri  River  Railroad  Comp.any  have  planted  some  timber 
tn^es.  chiefly  for  protection  from  snow-drifts  in  cuts.  The  trees  planted  were  Honey 
Locust,  Cottonwood,  Box-Elder,  Maple,  Ash,  Willow,  and  some  evergreens.  Wher- 
ever the  trees  were  properly  cared  for  they  have  grown  well.  In  some  pla(;es  thoy 
have  been  injured  by  fire. 

The  Atchison,  Topeka  and  Santa  F<5  Company  report  as  follows : 

"About  the  time  of  the  construction  of  our  hue,  in  1870-72,  in  the  State  of  Kansas, 
four  or  five  experimental  nurseries  or  plots  of  ground,  planted  with  young  trees,  were 
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Htartotl  !vt  diiVorcnt  i>oint8  along  our  line,  from  200  to  COO  miles  west  of  the  Miiwouri 
River.  All  the  hardy  trees  common  to  EaHtern  Kansas  and  Western  Missouri  were 
grown  from  the  seeds,  and  for  five  or  six  years  wore  carefully  cnltivated.  After  that 
time  they  were  left  to  care  for  Ihenisclves.  They  made  good  growth  and  seemed  per- 
fectly at  home  in  what  was  then  a  treeless  country.  Since  that  time  settlers  have 
full  J'  occupied  the  ground,  and  many  of  them  have  grown  trees  :u  great  numbers. 
Our  aim,  principally,  was  to  show  the  new  settlers  what  trees  were  sui'.ablc  to  plant 
in  this  section  of  country." 

The  Missouri  Pacific  Company  report : 

"  In  Mississippi  County,  Missouri,  2r»0,000  Catalpa  plants  are  in  cultivation  by  the 
railway  company,  and  the  experiment  promises  satisfactory  resalts;  bnt  sufficient 
time  has  not  elapsed  since  planting  to  speak  with  certainty." 

The  Sonthern  Pacific  Railroad  Company  make  the  fullest  report  of  any.  They  say: 
"  In  the  year  1877  it  was  dotermine<l  by  the  directors  to  try  the  experiment  of  tree- 
culture  through  the  various  sections  of  country  traversed  by  the  line  of  railroad  con- 
trolled by  the  company,  with  <ho  following  objects  in  view  : 

•*(1)  To  demonstrate  the  capability  and  value  of  the  land. 

''  (2)  To  test  the  value  of  certain  woods  for  railroad  purposes,  and  the  practicability 
of  their  economic  cultivation. 

"(3)  To  remove  the  sterile  and  forbidding  appearance  of  the  stations  and  section 
houses  in  the  treeless  plains  and  valleys,  by  surrounding  tlK>m  with  fruit  and  shade 
trees. 

"  It  was  determined  to  carry  this  work  on  under  the  Superintendent  of  track,  and 
it  was  specially  put  in  my  charge,  with  instructions  to  make  the  cnrrcnt  expenses  as 
small  as  possible. 

"  My  firet  effort  wa-s  directed  towards  the  culture  of  the  rapidly  growing  varieties 
of  the  ETicalyptus  on  the  margin  of  the  right  of  way,  where  it  was  available,  with  a 
view  to  utilize  the  growth  and  to  test  the  economic  value  of  the  wood. 

"  For  this  purpose  some  thousands  of  tree-plants  were  purchased  in  the  nurseries  of 
Oakland  and  Hay  ward  and  planted  along  the  right  of  way  of  the  lines  running  through 
Alameda  County,  California.  The  total  number  planted  in  this  way  was  about  44,- 
000,  mostly  Eucahjpins  fflohulus,  but  including  also  a  goo<l  number  of  E.  ainygdalina 
and  E.  rosirata.  To  anticipate  this  experiment  as  a  test  of  the  wood,  about  a  thou- 
sand telegraph  poles  were  procured,  of  the  young  growth  of  the  Eucalyptus  globulus  or 
Blue  Gum,  and  also  226  fair-sized  railroad  ties.  The  telegraph  poles  were  placed  in 
tlie  line  along  the  San  Pablo  and  Tulare  Railroad.  The  railroad  ties  were  i)laeed  in 
the  track  near  Rose  Creek,  Nevada,  on  the  Truckee  division,  Central  Pacific  Rail- 
road. This  point  was  selected  because  it  was  found  that  there  the  destruction  of  ties 
by  rot  was  extremely  rapid.  Mr.  Vandenburg's  report  of  the  test  of  the  Eucalyptus 
for  telegraph  poles  showed  that  while  they  were  strong  and  tough,  and  bore  up  tho 
wire  well  under  all  circumstances,  yet  they  did  not  last  well,  as  they  were  incline<l 
to  rot  in  the  ground,  and  Just  at  the  surface  of  the  ground  were  attacked  by  tho  larvte 
of  some  large  beetle.  The  Eucalyptus  ties  placed  in  the  sandy  soil  of  Rose  Creek 
very  fpiickly  showed  a  tendency  to  check  or  crack  in  an  extraordinary  nianner,  so 
that  in  some  cases  it  was  found  difficult  to  find  a  place  on  them  suitable  to  hold  a 
spike;  otherwise  the  ties  were  very  strong  and  lasted  well.  After  being  four  years 
in  the  track,  Roadmastcr  Browning  rei>orted  '  no  sign  of  decay.'  After  being  six 
years  in  the  track,  slight  signs  of  rot  were  reported,  and  two  out  of  two  hundred  and 
twenty-six  were  removed  for  being  split.  After  seven  years  in  the  track,  two  inches 
of  rot  was  reported,  and  seventy-three  were  taken  out  of  the  track.  This  would  show 
the  Blue  Gum  ties  comparing  in  durability  with  best  Yellow  Pine,  which  is  our  best 
secoud-clivss  tie. 

"The  trees  planted  along  the  track  in  Alameda  Count}' showed  great  thriftiuess  of 
growth,  and  in  a  few  years  demonstrated  that  woo<l  couhl  be  produced  in  this  way 
with  suriiassintr  rapidity.     In  four  years  some  of  the  trees  had  reached  a  height  of  24 
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to  26  foot  and  a  diameter  of  8  to  10  inches.  At  this  point  it  was  (loomed  oxpediont  to 
torrainato  the  oxperimont,  and  the  trees  were  cut  down  and  used  for  engine  wood. 

"In  1877  Mr.  C.  P.  Ilnntington  sent  a  box  of  Catalpa  seed  (C  h'ujtionioidca),  with  a 
strong  recommendation  that  it  bo  tested  with  a  view  tc  cultivate  a  plantation  for  tio- 
timber.  The  wood  of  the  Catalpa  is  coarse-grained  and  light,  but  it  has  tha  reputa- 
tion of  being  the  most  durable  under  ground  of  all  timber.  Cases  are  quoted  of  its 
lasting,  buried  in  the  ground,  eighty  years  and  upwards  without  showing  signs  of  rot. 
(Ohio  Agricultural  Report,  1871.)  The  Goshen  Branch,  just  built  at  this  time,  passed 
through  a  treeless  region  where  tho  land  was  moist  and  very  fertile,  henco  it  w.as 
deemed  a  good  place  for  tho  Catalpa  experiment,  and  a  parcel  of  land,  fifteen  acres  in 
extent,  was  selected  for  that  purpose  in  tho  town  of  llanford,  Tulare  County,  California. 
This  tract  was  idanted  with  Catalpa  trees  raised  from  tho  seed  sent  out  by  Mr.  Hnnt- 
iugton.  Tho  trees  were  set  out  8  feet  apart,  north  and  south.  They  throve  remark- 
ably well,  growing  almost  as  rapidly  as  tho  Eucalyptus  trees  about  San  Francisco  Bay. 
But  in  tho  course  of  time  the  company  received  what  was  thought  to  be  a  very  advan- 
tageous oifer  for  this  land,  and  it  was  sold.  Though  tho  experimental  grove  was  thus 
taken  out  of  our  hands,  it  yet  continues  to  flourish,  and  I  learn  from  the  report  of  the 
company's  agent  that  these  trees,  which  aro  now  seven  years  old,  have  attained  a 
height  of  from  50  to  (!0  feet  and  are  from  8  to  12  inches  in  diameter.  They  liavo  now, 
therefore,  reached  a  size  when  some  of  tho  trees  might  bo  cut  for  ties.  They  were 
planted  326  to  the  acre.  If  one-fourth  of  these  could  bo  cut  for  ties,  and  by  splitting 
them  through  tho  center,  as  is  suggested,  tour  ties  bo  made  from  a  tree,  this  ground 
may  bo  considered  to  bear  already  a  very  valuable  crop.* 

"  It  was  considered  that  tho  most  important  work  in  hand  was  that  of  planting  out 
about  tho  stations  and  section  houses.  To  have  a  choai)  and  convenient  source  from 
which  to  procure  tree-plants  it  was  deteiniined  to  establish  two  nurseries,  one  in  the 
northern,  the  other  iu  tho  southern  portion  of  California.  For  the  tiret  a  block  of  land 
belonging  to  tho  company  was  selected  iu  tho  town  of  Chico  ;  for  tho  second  locality 
we  took  a  portion  of  the  right  of  way  situated  between  Sumner  Station,  California,  and 
the  Kern  lliver.  The  strong  clay  soil  of  Chico  was  relied  on  to  produce  tho  plants  of 
tlio  Catalpa,  Locust,  Walnut,  Poplar,  and  certain  fruit  trees,  while  tho  sandy  soil  and 
hot  climate  of  the  Kern  River  valloj'  was  expected  to  produce  the  ditferont  varieties 
of  the  Eucalyptus,  Acacia,  and  Pepper  Trees,  and  certain  trees  of  arid  habitat. 

"  From  these  sources  we  soon  had  an  abundant  supply  of  tree-plants.  In  the  spring 
of  1877  the  wliole  of  the  country  east  of  Tulare  Lake  and  south  of  the  present  town 
of  Tidaro  was  an  unoccupied  waste,  used  only  sparingly  for  pasture.  With  a  view 
of  demonstrating  that  this  treeless  waste  could  bo  made  lit  for  homes,  a  half  section 
of  land  was  selected  in  the  midst  of  this  area  at  a  point  just  south  of  Tipton.  Tliis 
was  inclosed  with  a  fence  and  planted  with  Eucalyptus  and  Acacia  trees,  .ind  for 
their  maintenance  an  effort  was  made  to  got  an  artesian  well,  which  resulted  success- 
fully. A  good  flow  of  water  was  obtained  at  a  depth  of  403  feet.  Stimulated  with 
this  water  the  treo-i>lants  grow  fairly  well  and  presented  tho  appearance  of  a  grove. 

"The  example  was  fidlowed  by  settlers,  who  bought  land  .and  soon  were  sinking 
artesian  wells  and  making  homes  throughout  this  section,  showing  that  one  object  of 
the  experiment  had  been  accomplished.  We  soon  found,  however,  that  the  Blue 
Gum  was  too  .susceptible  to  frost  to  thrive  permanently  at  Tipton.  Each  winter  bit- 
jng,  frosty  air  ponrs  down  from  tho  mountains  out  of  tho  canon  of  Deer  Creek  on  to 
this  particular  tract,  thus  killing  the  tender  Blue  Gums  iu  8X)ito  of  their  Htroug  sum- 
mer growth. 

•Irrigation  has  boon  extensively  carried  on  in  this  region,  and  its  stunmer  climate 
is  undoubtedly  more  hunud  th.in  is  generally  tho  case  iu  tho  interior  valleys  of  Cali- 
foruia.  However  this  may  be,  tlu^  Catalpa  trees  planted  along  tho  company's  lines  at 
all  the  principal  stations  in  California  liavo  not  thriven  well,  app.arently  being  ill- 
adapt<)d  to  the  long  warm  and  rainless  seasons. 
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"Tlio  imrsciics  ;it  Cliito  iiiiil  Siiiiiirt  (Kci'i  liivii)  I'liniiisb  truu-pluiitM,  :iih1  i-ach 
8|iiiii<r  (liirinjj;  (lie  piTitxl  juljipUul  to  [ilautiii';  tlit-y  wore  tliHlriliutod  :(luii<;  the  lint's 
cf  railroad  iiml  phuitcil  about  the  statioiia  and  seclion  liousos. 

"In  Bomo  localities,  notably  in  Nevada,  j^reat  dillieulty  was  found  in  niakiujr  tho 
trees  live.  This  resulted  i)artly  from  tho  altitude  and  severe  climate,  and  ])artly  from 
selecting  trees  ill-adapted  to  tho  locality.  It  is  true,  wo  know,  that  Cottonwood  and 
Quaking  Aspen  and  tho  like  would  ilourish  at  tho  most  dilficult  points,  but  it  was 
deemed  worth  while  to  try  what  could  bo  done  with  moro  durable  species  and  witli 
fruit  trees.  In  this  way  it  was  not  hy  ouco  planting,  but  by  many  times  planting 
that  tho  stations  in  tho  treeless  wastes  were  gradually  embowered.  Often,  after  trees 
were  well  started,  the  carelessness  of  an  employd  would  allow  fhem  all  to  die  oil 
again. 

"Tho  situation  of  Kern  liiver  was  found  to  be  excellent  for  a  nursery,  but  for 
the  sake  of  economy  it  Avas  abandoned  in  favor  of  Tipton,  where  tho  plantation  and 
nursery  could  be  consolidated.  Most  of  tho  trees  planted  out  along  tho  Southern 
Pacific,  as  far  east  as  El  Paso,  were  raised  in  this  nursery  from  the  seed. 

"  In  extending  the  tree-planting  through  Arizona  and  Now  Mexico  an  unexpected 
difHcnlty  was  enconnterod.  Wo  had  looked  for  trouble  from  heat  and  drought,  but 
we  found  the  most  serious  trouble  to  arise  from  frost.  Wo  never  expected  to  find,  as 
our  meteorological  observations  now  show,  a  minimum  tcmiieraturo  of  8'^  and  10°  for 
stations  in  Arizona.  _ 

"  In  consequence  of  this  lack  of  sufliicient  data,  the  trees  sent  to  that  section  for  sev- 
eral seasons  have  been  frost-bitten.  As  tho  first  experience  of  this  kind  was  thought 
unusual  and  exceptional,  tho  same  kinds  were  tried  again.  I  believe  I  can  now  re- 
port that  tho  jtrescut  stations  throughout  California  arc  sufficiently  supplied  with 
living  trees,  so  that,  with  reasonable  care,  tho  beauty  and  advantage  to  be  derived 
from  them  will  be  constantly  on  the  increase." 

To  the  (jucstion,  "Have  you  plantcd'trees  for  wind-breaks,  as  a  protection  against 
snow-drifts,  and  with  what  success ?"  thirty-four,  or  most  of  tho  companies  from 
whom  reports  were  received,  reply  emphatically,  "No." 

Tho  Northern  Pacific  Kailroad  Company  says :  "  Yes ;  but  it  will  take  two  years  to 
determine  with  what  success." 

Tho  Burlington  and  Missouri  River  Company  say,  "We  do  not  consider  that  our 
trees  planted  for  snow  i)rotection  arc  a  very  great  success.  In  tho  winter,  when 
protection  is  needed,  tho  foliage  is  all  olf,  and  tho  railroad  'right-of-way'  being  nar- 
row tho  trees  must  necessarily  bo  too  close  to  tho  road  to  make  an  oiBcieut  snow- 
break." 

Tho  Chicago,  Saint  Paul  and  Miuncaiiolis  Company  report  good  success,  but  give 
no  particulars. 

Tho  report  from  tho  Missouri  Pacific  Company  objects  to  tho  planting  of  trees  for 
wind-breaks  or  as  a  protection  from  snow  on  account  of  their  obstructing  tho  view  at 
highway  crossings,  and  because  it  would  involve  tho  expense  of  purchasing  laiul  on 
either  side  of  tho  road  so  that  the  trees  might  be  set  further  apart  than  they  can  bo 
with  tho  ordinary  width  of  road.  It  is  alleged  that  where  tho  road  is  only  100  feet 
wide  rows  of  trees  on  cither  side,  instead  of  in'otccting  from  drifts,  cause  the  snow  to 
lodge  there  and  become  moro  troublesome  than  it  would  be  without  the  trees. 

To  tho  question,  "  Have  plantations  along  your  lino  boon  materially  damaged  by 
fire  ?"  twenty-two  companies  have  made  reply.  The  general  tenor  of  those  replies 
would  indicate  that  the  losses  by  fire  are  not  great. 

Tho  Louisville  and  New  Albany  Company  say  :  "Wo  have  had  very  little  danuigo 
by  fires  to  forests,  aud  do  not  think  this  would  in  any  way  discourage  tree-planting." 

An  officer  of  tho  Hannibal  and  Saiut  Joseph  Railroad  Company  says,  "I  am  not 
aware  that  any  plantations  along  tho  lino  have  boon  materially  injured  by  fire,  nor 
do  I  consider  fire  a  danger  sufflcieut  to  discourage  tree-planting," 
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Report  from  tho  Burlington  and  Missouri  liivcr  roail  s;iys:  "  I'rivute groves  along 
our  road  liavcnot  been  seriously  damaged  by  lire,  and  they  do  well  in  nearly  every 
ease;  i>rivato  parties  being  better  able  to  take  care  of  trees  than  iLo  railroads,  hav- 
ing tliem  near  by  where  they  can  be  constantly  looked  after,  and  not  endangering  thoui 
by  fire,  as  the  railroads  necessarily  must  do  in  running  tlieir  trains,  and  are  not  so 
liable  to  have  them  burned." 

An  otiicer  of  the  New  York,  Pennsylvania  and  Ohio  road  says:  "I  would  advise 
to  make  the  plantations  at  some  distance  from  the  railway.  Fires  are  frequent  near 
tho  railway. 

The  Louisville  and  Naahville  Comjiany  report :  "Trees  and  hedges  have  been  iu- 
juredby  lire  along  tho  lino  of  railroad." 

The  Michigan  Central  liailroad  report  says:  "The  damage  is  serious  whei-e  grass 
is  allowed  to  grow ;  otherwise  not." 

Tho  Union  Pacific  Railway  Company  report  that  the  damage  done  by  x)rairio  fires 
has  been  discouraging,  but  in  that  proportion  as  tlie  land  becomes  occupied  by  sot- 
tiers  the  danger  of  fire  is  diminished. 

To  the  imiuiry  whether  the  companies  would  bo  willing  to  exi)end  a  small  amount 
annually  in  tree-planting,  the  general  tenor  of  tho  replies  is  in  the  negative.  Some 
would  be  willing  to  engage  in  experimental  planting  if  others  would  unite  with  them 
but  few,  if  any,  roads  seem  to  be  impressed  with  a  sense  of  the  importance  of  under- 
taking tho  Avork  of  planting  for  their  own  beuelit. 

From  the  Pennsylvania  Railroad  Company  comes  this  reply,  which  may  be  taken 
as  a  specimen  of  tho  general  feeling  on  the  subject:  "To  this  question  I  would  an- 
swer yes,  if  I  were  thocomi»any.  But,  considering  that  about  twenty-live  years  would 
be  needed  to  get  White  Oak  large  enough  for  ties,  it  is  hardly  probable  the  imi)ortanco 
of  timber  culture  will  be  recognized  sufficiently  to  even  spend  a  small  amount,  say 
$500  i)er  year,  systematically  for  this." 

The  Wabash,  Saint  Louis,  and  Pacific  Company  says:  "The  company  would  i)rob- 
ably  consent  to  make  a  small  expenditure  annually  in  furtherance  of  treo-culture. 
Timber  has  heretofore  been  so  abundant  and  cheap  that  there  has  been  but  little 
necessity  for  taking  the  matter  into  consideration  and  giving  it  any  attention.  It  is 
of  great  importance  and  should  not  be  longer  delayed." 

To  the  inquiry  whether  the  lauds  along  the  lines  of  railway  are  too  valuable  to  be 
profitably  devoted  to  tree-planting,  while  some  roads  report  much  of  the  land  as  being 
of  high  value,  they  generally  agree  that  there  is  a  sufficient  quantity  of  inferior  value 
which  might  be  more  i)rofitably  used  for  the  cultivation  of  trees  than  for  any  other 
purpose.  The  Louisville  and  New  Albany  Company  saj',  for  instance,  "  Our  lino  is 
mostly  through  cultivated  lands,  but  there  are  many  tracts  that  would  bo  just  the 
thing  for  tree-culture,  while  of  no  value  for  any  other  purpose."  The  Uuiou  Pacific 
Coilipany  say  tliat  there  is  an  abundauco  of  land  fit  for  tree-culture  along  the  com- 
pany's lines,  but  it  would  not  be  advisable  to  plant  and  cultivate  at  tho  company's 
expense,  for  they  cannot  even  protect  from  thieves  the  small  patches  of  timber  on 
the  streams  that  were  formerly  found  in  many  sections  of  their  grant. 

To  the  question,  "  Would  not  tree-planting  by  railways  bo  facilitated  if  each  road 
had  in  its  employ  an  officer  sufficiently  acquainted  with  tho  relative  value  of  trees 
and  modes  of  planting  to  superintend  all  work  of  this  kind  ordered  by  the  managers?  " 
the  reidies  are  almost  unanimously  in  the  affirmative.  Most  of  the  companies  think 
such  an  oflicer  would  be  indi.spensable,  while  a  few  thitk  the  existing  officers  of  tho 
roads  could  manage  the  bueineap 


Appendix  1. 

STRUCTURE  OF  CERTAIN  TIMBER-TIES;  BEHAVIOR  AND  CAUSES 
OF  THEIR  DECAY  IN  THE  ROAD-BED; 

TOGETUEli  WITH  EXPElilMENTS  ON  THE  A  DUES  JON  OF  SPIKES. 


By  P.  H.  Dudley,  C.  E. 


The  extensive  railway  system  of  the  United  States  will  this  year  re- 
quire 60,000,000  ties  for  repairs,  aud  as  the  Hues  are  yearly  exteuded 
the  number  required  for  this  purpose  will  be  increased.  Exi)ressed  in 
board  measure  this  represents  approximately  2,100,000,000  feet,  a  large 
quantity,  though,  for  our  great  country,  only  comparatively  so;  for 
could  the  supply  be  cut  indiscriminately,  and  from  all  kinds  of  timber, 
our  forests  would  continue  to  meet  the  demaud  for  years  to  come.  But 
the  sup[)ly  is  limited  to  special  kinds  of  woods,  and  ties  are  cut  chiefly 
from  trees  10  to  12  inches  in  diameter  and  from  thirty  to  sixty  years 
old.  This  is  one  of  the  serious  phases  of  the  question ;  for  this  con- 
sumption of  young  and  thrifty  trees  reduces  the  future  supply  of  tim- 
ber faster  than  would  otherwise  be  the  case. 

In  the  Eastern  and  Middle  States  the  supply  of  timber  adjacent  to 
railways  has  been  largely  exhausted,  ties  for  these  roads  coming  from 
forests  some  distance  away ;  and,  with  the  price  constantly  advancing, 
how  they  will  procure  ties  a  few  years  hence  is  a  serious  question  with 
railroad  otlicials.  But  few  railroad  companies  arc  in  position  to  grow 
their  future  supi^ly  of  timber,  and  if  they  were,  it  would  be  twenty -five 
years  before  they  could  derive  much  benefit  from  such  a  course. 

CHECKING   UNNECESSA.RY   CONSUMPTION    OF    TIMBER    BY   PKESEEVA. 

TION  OF  TIES. 

The  railway  companies  can  at  once  take  more  eflfective  measures  to 
increase  the  durability  of  the  ties  they  must  use,  aud  thus  to  check  the 
present  consumption  of  such  great  quantities  of  timber.  In  former 
years  many  elibrts  were  made  in  this  country  to  preserve  ties  by  artifi- 
cial processes  ;  but  the  cost  was  so  great  and  timber  so  cheap,  while  the 
results  were  only  partially  successful,  that  for  the  time  being  all  methoils 
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for  the  preservation  of  ties  were  abauiloucd.  Diit  at  present  the  «;;jse  is 
tlitfereut.  In  many  localities  timber  is  two  or  three  times  as  ex[)ensivo 
as  it  formerly  was.  Chemicals  are  much  cheaper  and  money  bears  a 
lower  rate  of  interest,  so  that,  upon  the  score  of  economy  alone,  it  will 
now  be  expedient  to  do  what  was  unwarranted  a  few  years  ago.  Little 
inquiry  was  made  as  to  why  so.  many  of  the  i)reserving:  processes  failed. 

THE  DECAY  OF  TIMBER  AND  TIES  DUE  TO  THE  GROWTH  OP  VARIOUS 

KINDS  OF  FUNGI. 

In  dry  situations,  as  in  roofs  of  buildings,  or  when  submerged  in 
mud  and  water,  seasoned  wood  will  last  for  centuries;  but  it  decays  in 
places  where  it  is  warm  and  moist  (from  40^  to  120^  Fahr.).  l^^ormerly 
the  decay  of  timber  was  generally  ascribed  to  slow  combustion  (Liebig's 
Eremacausis),  but  it  is  uow  known  to  be  due  to  various  kinds  of  fungi, 
the  presence  of  many  of  which  microscopical  investigations  have  dem- 
onstrated. 

As  regards  the  relative  position  of  the  fungi  in  the  scale  of  plant-life, 
it  is  perhaps  only  necessary  to  say  they  are  a  great  group  of  plants  of 
low  organization,  destitute  of  chlorophyll,  and  bearing  neither  leaN  es  nor 
flowers.  Instead  of  seeds  they  produce  microscopic  spores,  which  are 
freely  disseminated  by  wind  and  water.  They  are  dependent  chielly 
upon  higher  ])lants  for  their  nutriment,  appropriating  the  already  elab- 
orated material  found  in  the  tissues  of  these  hosts.  J^early  50,000 
species  of  fungi  have  been  described,  many  of  which  grow  on  or  in  the 
wood  of  trees. 

A  large  number  of  the  measures  formerly  adopted  to  prevent  and  check 
decay,  especially  that  of  unseasoned  wood,  by  confining  the  moisture, 
were  the  most  effective  in  causing  the  fungi  to  grow,  inducing,  it  is  be- 
lieved, the  decay  of  the  wood.  Thus  it  is  a  well  known  fact  that  paint 
ing  green  timber  will  hasten  rather  than  retard  its  decay ;  the  paint, 
by  retaining  the  moisture,  furnishes  a  necessary  condition  for  the  ger- 
mination of  the  inclosed  spores.  This  also  is  probably  the  explanation 
of  the  failure  of  so  many  of  the  other  preserving  processes.  The  chem- 
icals, or  other  substances  used,  formed  an  exterior  coating*  like  paint, 
thus  retaining  the  moisture  and  allowing  the  fungi  to  grow  on  the  in 
side,  causing  the  so-called  "  dry-rot."  If  the  timber  be  thoroughly  sea- 
soned, an  exterior  protection  from  moisture  is  sufticient  to  prevent  de- 
cay. The  rotting  in  four  or  live  years  of  many  of  the  earlier  wooden 
bridges,  which  were  painted  before  they  were  seasoned,  is  familiar  to 
all  railroad  men,  while  those  unpainted  lasted  much  longer.  So,  too, 
unpainted  covered  wooden  bridges  were  found  to  be  the  most  durable, 
from  the  fact  that  the  timber  was  kept  so  dry  as  to  preclude  the  attacks 
of  fungi.  The  timber,  if  not  too  large,  became  thoroughly  seasoned,  and 
in  that  condition  was  practically  indestructible. 

"Sco  Carbolineum  ns  ft  Protection  apaiust  tUo  Decay  of  Wood,  p.  104, 
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Tics  should  he  svasoneil. — Simi>ly  seusoiiiiiff  ties  would  iuUl  much  to 
their  dunibility.  They  should  be  piled  so  as  to  have  a  free  circulation 
of  air  under  and  about  each  tie.  The  to[)  of  the  pile  should  be  inclined 
so  as  to  shed  water.  As  soon  as  the  trees  are  felled  the  bark  should 
be  removed  in  order  to  facilitate  the  seasoning  of  the  wood.  Large 
timber  for  switch-stands,  trestles,  floor  beams,  and  stringers  for  bridges 
should  be  seasoned  undercover  to  i)revent  the  sun  from  seasoning  only 
an  exterior  layer,  thereby  preventing  the  escape  of  moisture  from  the 
interior  and  inducing  interior  decay.  Station  i)latformsof  timber  should 
have  a  circulation  of  air  under  them,  otherwise  they  are  quite  liable  to 
be  attacked  by  some  of  the  fungi.  In  many  cases  spruce  planks  in  these 
structures  have  decayed  in  less  than  two  years. 

The  appearance  of  some  of  the  fungi  present  upon  and  in  piles  of 
timber  is,  perhaps,  familiar  to  all  track  managers,  but  we  have  been 
taught  so  long  that  this  is  simply  the  accompaniment  of  decay,  instead 
of  being  its  inducing  cause,  that  such  eflt'ectivo  measures  to  prevent 
rotting  have  not  been  taken  as  might  have  been  and  will  now  be  adopted 
since  the  cause  is  better  understood. 

Preservation  of  ties. — Tn  most  cases  thorough  and  proper  treatment 
will  preserve  ties  so  as  to  double  their  life  as  far  as  decay  is  concerned; 
but  the  method  that  is  most  suitable  for  one  kind  of  wood  may  not 
answer  for  another  of  different  characteristics.  This  will  be  more  ap- 
parent upon  examining  the  structure  of  the  woods  illustrated.  To  be 
successful  the  conditions  of  each  case  must  be  considered;  not  only  the 
kind  of  wood,  but  whether  it  is  seasoned  or  not,  and  what  the  final 
surroundings  are  where  it  is  to  be  used.  For  railway  ties,  we  can  say 
in  general  that  the  treatment  must  be  such  as  will  do  one  of  two  things: 
keep  the  wood  dry;  or,  if  it  is  to  be  used  in  a  position  where  it  will  be 
moist,  the  antiseptic  must  be  sufficient  to  check  all  fungous  growth  or 
fermentiition,  to  do  which  the  cells  of  the  wood  must  be  thoroughly  im- 
pregnated. The  success  of  Dr.  Boucherie's  first  process  of  fonnng  a 
solution  of  copper  sulphate  through  the  green  wood  was  due  to  the 
complete  impregnation  of  the  wood-cells.  But  this  plan  of  treatment 
requires  much  care  and  skill  to  be  effective.  The  late  Dr.  Hough,  in 
Vol.  IV.  of  the  Report  on  Forestry,  p.  1G5,  says : 

"  Upon  the  Flnsbiiig  Kuilroail  Biirnettizcd  ties  wei-cuecil  in  building  the  pilo-work 
near  Flushing  village  in  18(>S,  the  timber  being  green  Spriiee  12 by  12  (inches),  sawed 
and  nsetl  as  stringers,  from  4  to  10  feet  above  the  level  of  sitlt-marsh  meadows.  They 
api)eared  to  have  been  thoroughly  treated  to  the  he:»rt.  There  being  some  deficiency 
in  the  supply  the  work  was  completed  with  White  I'iuc  stringers  (not  Hurnett- 
ized)  of  the  saiue  dimensions  as  the  Spruce.  Upon  repairing  the  pile-work  the  Bur- 
uettized  timber  w:is  found  decayed  in  the  heart,  leaving  a  shell  of  from  1  x  :t  inclies, 
while  the  Pino  was  comparatively  sound,  some  portions  being  merely  sap-rott«m  an 
inch  or  so  deep  on  the  outside. 

"The  roaduiast4:r  then  in  charge,  and  who  writes  apparently  without  the  least  in- 
terest or  pnyiidiec,  considers  the  Iturnettized  timbers  unsafe  for  railroad  structures 
on  account  of  its  decaying  at  the  heart  and  leaving  a  shell  that  is  sound,  which  wonld 
naturally  lead  employe's  to  regard  the  timber  safe  for  trains- after  it  had  reached  a 
21753— Bull.  No,  1 3 
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degree  of  weakness  tliiit  was  altogether  dangerous  within.     He  thinks  that  this  j>roc- 
088  has  a  tendency  to  produce  dry-rot,  especially  of  Pine  or  soft-wood. 

"It  would,  however,  be  unfair  to  draw  conclusions  from  American  experience,  aud 
perhaps  it  would  bo  just  to  attribute  some,  at  least,  of  the  failures  that  have  fol- 
lowed to  the  inexperience  of  workmen  aud  to  the  superficial  aud  im  iiorfect  manner 
in  which  these  processes  have  been  applied." 

The  last  seuteuco  oxplaius  tbe  Diattcr.  The  fault  was  not  in  the  an- 
tiseptic but  in  the  manner  of  its  ai)plication  ;  tbe  heart- wood  was  not 
impregnated  with  a  sufficient  quantity  to  protect  it  from  tbe  fungi. 

STRUCTURE  OF  THE  WOODS  UNDER  CONSIDERATION. 

In  tbe  following  pages  will  be  considered  tbe  structure  and  nature  of 
some  timbers  witb  reference  to  their  use  as  railwa}'  ties,  and  their 
special  requirements  in  regard  to  preserving  i)rocesses ;  namely  those 
which  form  tbe  bulk  of  our  wood  supply  for  railway  purposes — White 
Oak,  Chestnut,  Cedar,  Yellow  Pine,  Ilemlock,  and  Tamarack  or  Larch. 

Tbe  oak  and  chestnut  belong  to  the  Angiosperms,  aud  the  cedar,  yel- 
low pine,  bemlock,  and  tamarack,  to  the  Gymnosperms,  all  of  tbe  latter 
having  the  general  characteristics  and  structure  of  the  Conifera),  but 
differing  from  each  other  in  detail.  In  the  first  two  tbe  cell- structure 
is  entirely  unlike  that  of  tbe  last  four,  being  far  more  complex  and 
highly  differentiated,  tbe  inner  portion  of  each  annual  layer  having 
from  one  to  three  concentric  rows  of  large  ducts,  while  smaller  ones  are 
distributed  through  the  entire  layer. 

All  these  trees  are  Exogens  or  outside  growers,  and  if  we  look  at  a 
transverse  section  of  any  of  them  of  the  natural  size  w^e  see  it  is  com- 
posed of  a  series  of  annual  rings,  each  representing  a  distinct  period  of 
active  growth,  generally  only  one  ring  forming  each  season,  but  often 
varying  in  thickness.  For  instance,  in  the  White  Oak  {Quercus  albOy  L.) 
a  layer  of  a  poor  season's  growth  may  not  have  tbe  full  number  of  the 
bard,  dense  fibers  which  give  hardness  to  tbe  wood.  To  some  extent 
this  is  true  also  of  the  chestnut.  In  the  other  woods  under  considera- 
tion each  layer  will  bav^e  more  nearly  its  proper  i)roportion  of  the  dif- 
ferent fibers,  though  the  layer  may  be  thin.  Through  each  annual  ring 
pass  tbe  medullary  rays,  which  extend  from  the  bark  to  the  pith,  and  if 
a  small  section  be  magnified  the  general  characteristics  of  the  entire 
layer  are  seen ;  if  the  section  be  taken  from  tbe  sap-wood  tbe  structure 
is  not  so  complete  as  in  heart-wood,  and  tbe  cell  contents  are  not  tbe 
same.  In  the  mechanical  destruction  of  ties  tbe  ease  or  difficulty  witb 
which  the  rings  separate  has  much  to  do  with  tbe  wearing  capacity  and 
consequent  durability  of  tbe  ties.  This  feature  differs  in  all  the  woods 
under  consideration,  and  will  be  specifically  treated  for  efich  one. 

PHOTOMICROGRAPHS  OF  THE  MAGNIFIED  STRUCTURE  OF  THE  WOODS. 

The  photomicrographs  accompanying  this  report  are  all  enlarged 
to  one  scale,  namely,  100  diameters,  and  by  employing  the  metric  scale 
in  making  a  measurement,  aud  dividiug  by  100,  the   naturjil  size  of 
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ii  cell  or  the  thickness  of  its  wall  can  be  obtained.  For  this  anipliiica- 
lion  the  field  of  the  objective  covers  an  area  of  the  specimen  e(iual  to 
one-tenth  of  an  inch  in  diameter,  which  is  enlarged  to  10  inches,  the 
photomicrograph  being  taken  from  the  portion  thus  viowe<l  with  the 
same  amplification  retained.  To  show  the  entire  structure  of  the  wood 
a  photomicrograph  of  three  ditlerent  sections  is  required,  i  e.,  transverse, 
tangential, and  radial.  In  the  transverse  section  the  cells  are  cut  across, 
showing  some  in  their  largest  diameter,  while  others  are  cut  at  varying 
portions  of  their  length,  and,  therefore,  show  different  diameters.  All 
of  these  transverse  sections  are  so  arranged  that  the  top  of  the  page 
points  to  the  center  of  the  tree,  and  the  bottom  of  the  page  to  the  out- 
side of  the  bark.  The  lines  running  down  the  page  indicate  the  me- 
dullary rays,  which  extend  outward  through  each  layer  of  wood  as  it  is 
formed.  The  views  of  the  other  sections  will  be  understood  from  the 
special  description  under  each  species. 


Diagram  illustrating  sections:  a,  transverse  HL-ctiou  ;  b,  radial  section  ;  c,  tangential  section. 

White  oak,  Quercus  alba,  L.  No.  251.* 

The  photomicrograph  of  the  transverse  section  of  the  White  Oak  is 
from  an  anuual  ring  of  medium  thickness,  and  a  striking  feature  in  its 
appearance  is  the  concentric  circle  of  ducts  in  the  early  spring  growth 
of  wood ;  in  the  thick  rings  sometimes  there  are  two  or  three  rows  of 
ducts,  the  third  one  being  of  smaller  size  thau  the  others.  The  first 
row  forms  in  the  spring  as  the  leaves  are  opening.  The  largest  duct  in 
the  illustration  is  round  and  .013  of  an  inch  in  diameter;  some  are 
smaller,  and  others  flattened  or  elliptical.  Except  when  first  forming 
these  ducts  are  never  open,  as  usually  stated,  but  are  filled  with  deli- 
cate tissue.t  This  tissue  is  so  delicate  and  its  cells  so  large  that  in 
cutting  the  sections  it  is  more  or  less  removed  by  the  section-knife. 
It  is,  however,  quite  durable,  for  in  decaying  ties  this  tissue  in  the 
ducts  is  still  intact  after  many  of  the  surrounding  wood-cells  are  de- 
comi)Osed.    During  growth,  fluids  pass  through  this  tissue  by  osmotic 

•The  botanical  names  are  those  nsed  by  Prof.  Sargent  in  his  report  on  the  "Forest 
Trees  of  North  America,"  Vol.  IX.,  of  the  Tenth  Census;  the  numbers  refer  to  thos«^ 
used  in  that  work. 

t  Tyloses,  a  peculiar  cell-structuro  found  in  the  ducts  of  many  of  our  timber  trees. 
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action.  Surronndinjij  those  ducts  aio  small  cells,  wliicli  are  termed 
tracheids,  having  inimite  thin  places  in  their  sides;  the  njiddle  lamella 
of  the  cell,  however,  is  not  visibly  i)erlorated.  Some  cells  containing 
starch  are  also  intermingled  with  these  tracheids.  If  the  tree  is  uot 
vigorous  or  the  season  favorable  for  a  large  growth  there  are  only 
a  few  other  cells  formed,  and  the  annual  laj'er  will  be  narrow  and  im- 
perfect; and  if  the  entire  wood  is  made  up  of  such  rings  it  has  a  low 
specific  gravity,  is  "brash"  and  not  strong.  Such  wood  is  not  suitable 
for  wheel-pieces  of  car-trucks,  and  when  used  for  ties  the  rails  wear 
down  into  it  as  they  do  on  chesiuit  ties.  Jn  an  annual  layer  of  vigor- 
ous growth  large  bundles  or  masses  of  hard,  dense  fibers  are  seen  just 
outside  of  the  concentric  circles  of  ducts,  and  when  fully  formed  extend 
through  the  outer  part  of  the  layer.  These  fibers  vary  in  diameter  from 
.000  to  .0075  of  an  inch.  Such  bundles  or  masses  of  hard  fibers  give  to 
this  wood  its  peculiar  hardness  and  toughness,  making  it  so  valuable  for 
railroad  ties.  The  medullary  rays  run  through  the  bundles  and  at  fre- 
quent intervals  are  intersected  by  cells  running  parallel  to  the  axis  of 
the  tree,  thus  connecting  radiating  bundles  of  medullary  rays,  and  di- 
viding a  mass  of  hard  fibers  into  small  rectangles.  On  either  side  of  a- 
mass  of  hard  fibers  will  be  seen  a  series  of  small  flattened  ducts  about 
.001  of  an  inch  in  diameter,  surrounded  by  small  tracheids  and  some  of 
the  small  wood  fibers.  In  this  transverse  section  only  single  lines  of 
the  medullary  rays  are  seen,  but  large  bundles  do  occur,  and  a  portion 
of  an  end  view  of  one  will  be  seen  in  the  tangential  section.  Near  the 
top  and  bottom  of  the  illustration  can  be  seen  the  lines  where  the  an- 
nual layer  joins  others.  The  illustration  of  the  radial  section  shows 
it  to  have  been  made  through  a  mass  of  dense  fibers,  exposing  also  the 
exterior  and  interior  of  one  of  the  large  ducts.  The  single  rows  of  cells 
running  down  the  page  are  the  medullary  rays.  This  view  shows  also 
the  firmness  and  solidity  of  the  wood.  The  hard  fibers  running  across 
the  page  give  but  little  indication  of  where  they  join  or  interlace.  One 
of  the  ducts  shows  the  surrounding  tracheids  and  also  the  cells  of  the 
medullary  rays  crossing  the  duct. 

In  the  tangential  section,  as  already  stated,  are  seen  the  ends  of  the 
cells  composing  one  of  the  great  bundles  of  medullary  rays  so  common 
to  this  wood  ;  but  few  of  the  cells  are  as  large  as  .001  of  an  inch  in  di- 
ameter, most  of  them  being  much  smaller.  On  either  side  of  this  are  the 
hard,  dense,  woody  fibeps,  interspersed  with  small  bundles  of  medullary 
rays  of  a  single  row  of  cells  superimposed  one  above  the  other.  From  the 
views  of  the  structure  of  this  wood  it  is  seen  to  be  one  of  considerable 
hardness  and  density. 

Specific  Oravity. — For  the  heart- wood,  this  ranges  from  0.G5  to  0.00. 
In  Vol.  IX.,  of  the  Tenth  Census,  Professor  Sargent  reports  the  average 
of  thirty-one  pieces,  dried  at  lOO^  centigrade,  as  0.7470.  Ties  will  never 
be  found  as  dry  as  this,  and  in  general  the  average  will  be  much  higher. 
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In  wet  places  oak  ties  often  become  water-soaked  .ind  will  sink  when 
thrown  into  the  water. 

Change  of  sap- icood  to  heart-wood. — The  sap-wood  of  the  White  Oak 
changes  to  heart-wood  in  ten  to  fifteen  years,  much  earlier  than  that 
of  some  of  the  other  oaks.  This  is  a  valuable  feature,  as  ties  are  cut 
mostly  from  small  timber  of  the  proper  size  and  flattened  on  two  sides, 
leaving  the  sap-wood  on  the  remaining  sides.  In  many  cases  the  bark 
is  not  removed,  but  it  should  be  at  the  time  of  felling  the  tree,  espec- 
ially if  the  temperature  bo  about  50^  or  GO^  F.  If  the  wood  is  cut 
during  active  growth  the  sap  furnishes  a  good  medium  for  the  growth 
of  various  ferments,  which,  if  special  care  is  not  taken  to  prevent 
their  growth,  will  aflect  the  sap-wood  and  eventually  the  heart-wood. 
When  such  fermentation  has  taken  place  and  is  afterward  checked 
by  drying,  the  wood  is  discolored  and  is  called  "  dozy,"  and  will  rot 
quickly  when  placed  in  the  road-bed  subject  to  conditions  of  warmth 
and  moisture.    • 

Note. — The  controversy  as  to  Iho  iufliicnce  of  the  time  of  fellinfj  on  the  durability 
of  the  wood  cannot  yet  bo  said  to  be  detiuitely  closed.  The  most  recent  investiga- 
tions under  this  head,  published  by  Professors  Hartig,  Poleck,  and  Dr.  Lehmanu, 
would  indicate  that  the  question  cannot  bo  answered  generally,  but  that  the  answer 
is  dependent  on  dilTereijt  conditions  ia  each  special  case. 

Tlio  "dry-rot"  fuugos  {Merulius  lacrymans,  Schmn.)  being  found  to  bo  the  principal 
destroyer  of  the  wood  used  in  building,  Professor  Poleck  was  induced  to  examiuo  the 
mineral  constituents  of  timber  felled  in  the  winter  and  in  the  summer  with  regard 
to  the  requirements  of  this  fungus,  and  was  led  to  state  that  the  summer-felled  tim- 
ber affords  a  better  supply  of  nourishment  to  the  fungus  than  that  felled  in  winter, 
the  former  being  five  times  as  rich  in  potash  and  eight  times  as  rich  in  phosphoric 
acid  as  the  latter.  The  experiments  which  confirm  this  view  were  conducted  with 
blocks  of  timber  inclosed  in  casks.  Unfortunately,  later  on,  Professor  Poleck  discov- 
ered that  the  timber  procured  for  him,  purporting  to  bo  winter- felled  wood,  was  in 
reality  raft-timber;  and  he  has  ascertained  that  timber  which  has  been  immersed  in 
water  is  no  longer  liable  to  the  attacks  of  "dry-rot,"  the  effect  of  the  water  being  to 
dissolve  out  slowly  the  albumen  and  salts,  thus  depriving  the  fungus  of  the  neces- 
sary nutriment  for  its  development.  So  much  so  is  this  the  case  that  in  Alsace  it  is 
customary  to  specify  that  only  raft-timber  shall  be  employed. 

In  opposition  to  the  theory  of  Professor  Poleck  a  number  of  experiments  were  car- 
ried on  by  Professor  Ilartig.  In  the  first  place  he  shows  that  at  the  end  of  April  the 
sap  has  not  risen  in  the  timber,  and  that  no  mineral  matter  can  have  been  stored  up 
in  the  wood-cells  which  were  not  present  at  the  beginning  of  the  winter,  and  that 
the  true  summer-felled  timber  must,  if  anything,  bo  poorer  in  mineral  salts  than  that 
felled  in  the  winter.  His  analyses  confirm  this  view,  showing  8.42  per  cent,  of  phos- 
phoric acid  in  winter  wood  as  opposed  to  5.89  per  cent,  in  summer-felled  wood;  and 
while  Professor  Poleck  insists  upon  the  necessity  of  phosphoric  acid  for  the  growth 
of  the  fungus.  Professor  Hartig  lays  most  stress  upon  tho  presence  of  ammonia  or 
potash  salts  as  being  essential. 

Professor  Hartig's  experiments  made  with  pine  and  fir,  felled  for  the  purpose  and 
stored  in  a  specially  constructed  cellar,  are  most  elaborate  and  minute,  the  general 
result  being  that  both  summer- and  winter-felled  damp  fir  and  pine  (two  kinds  of 
woods  behaved  alike)  lost  equally  in  weight.  When,  however,  dry  winter  wood  was 
contrastcil  with  wet  winter  wood,  tho  results  were  astonishingly  difleront.  In  Iho 
case  of  fir  the  dry  wood  lost  II  per  cent,  in  woi<^ht,  while  the  wet  wood  lost  'iU.l  l»cr 
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THE  GREAT  VALUE  OF  WOOD  DETERMINED  BY  LONG  EXTERIENOE. 

The  wood  of  the  White  Oak  is  the  one  most  desired  by  railroad  com- 
panies for  ties.  lu  the  primitive  forests  the  growth  was  ver^'  general 
in  those  sections  of  the  country  where  railroads  were  constructed,  and 
its  great  value  has  been  fully  demonstrated  by  long  experience.  The 
demand  for  ties  of  this  wood  has  been  so  imperative  that  large  extents 
of  territory  once  covered  by  this  valuable  timber  have  long  since  been 
denuded;  what  remains  is  so  scarce  and  valuable  that  few  companies 
are  now  able  to  obtain  a  supply  of  second-growth  for  ties. 

The  oak  holds  a  spike  with  great  tenacity,  and  thus  the  rail  is  firmly 
fastened  to  the  tie,  a  feature  the  importance  of  which  is  entirely  over- 
looked by  people  who  have  not  had  practical  experience  in  the  matter. 
Tlie  wearing  down  of  ties  under  the  rails  is  not  due  alone  to  the  ease  of 
indentation,  but  largely  to  abrasion.  The  softer  the  wood  the  less 
firmly  the  spike  is  held,  and  if  there  is  more  or  less  looseness  of  the  rails 
an  abrasion  takes  place  more  rapidly  than  when  they  are  held  firmly  to 
the  tie.  This  fact  has  been  determined  by  practical  tests.  Alternate 
ties  under  the  same  rail  have  been  bolted  to  the  rail,  and  the  abrasion 
was  less  rapid  on  them  than  on  those  which  were  spiked.  I  am  well 
aware  of  the  prevailing  opinion  in  the  New  England  States,  where  the 
Chestnut  is  so  extensively  used  for  ties,  that  were  they  to  attempt  to 
change  to  oak  ties  they  could  not  draw  the  spikes  to  make  the  adjustments 
in  their  rails,  but  would  break  off  the  heads  of  the  spikes  in  the  trial. 
Against  this  opinion,  however,  we  have  the  experience  of  the  main 
lines,  with  a  large  mileage  and  tonnage.  They  prefer  the  White  Oak, 
experiencing  but  little  trouble  in  drawing  spikes,  and  they  would  not 
use  any  other  wood,  except  that  its  scarcity  and  cost  have  compelled 
them  in  many  cases  to  do  so. 

Durability. — White  Oak  ties  last  from  six  to  ten  years.  S^iven  years' 
duration  is  considered  good  under  heavy  traffic  on  rails  with  a  4-inch 
base.  Longer  wear  of  course  is  had  under  broad  faces  of  8  to  10  inches. 
The  moisture  which  collects  around  the  spikes  and  under  the  rails 
eventually  softens  the  injured  fibers,  and  fermentation  is  set  ui>  in  two 
to  three  years,  depending  upon  local  conditions  of  moisture  and  heat 
combined,  the  most  rapid  fermentations  occurring  in  localities  where 
the  warm  season  is  the  longest.    The  decay  of  the  ends  and  central 

cent. ;  but  in  the  case  of  pino  the  loss  iu  tbo  dry  wood  was  13.:?  por  cent.,  while  in 
wet  wood  it  was  only  13.0  per  cent. 

Comparative  experiments  with  heart-timber  of  fir  and  pine,  as  contrasted  with 
the  ontside  planks,  showed  that  while  in  the  fir  the  heart  was  destroyed  more  rap- 
idly than  the  outside  layers  the  reverse  was  the  case  in  the  pine. 

Very  unexpected  results'werc  obtained  when  the  wood  w;is  in  contact  with  various 
substances,  as  sand,  coal-tlust,  ashes,  garden-mold,  etc.,  from  which  it  would  seem 
that  clear  sand  is  worse  for  filling-iu  between  the  joists  than  a  mixture  of  sand  and 
phister,  while  dry  rubbish  from  old  buiidiufijs  is  better  filling  material  than  coal-dust 

The  question,  then,  of  the  best  time  of  felling,  as  regards  the  lasting  qualities  of 
timber,  cannot  yet  be  considered  as  settled,  and  the  matter  of  handling  timber  after 
felling  is  the  point  of  most  importance. — 15.  E.  FkknoW. 
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portions  of  White  Oak  ties  as  a  rule  follows  closcljMipon  tliat  under  tijo 
rails,  especially  that  portion  of  the  tie  which  is  surrounded  by  or  under- 
neath the  ballast.  In  gravel  ballast,  oak  ties  decay  more  rapidly  under 
the  ballast  than  in  the  fully  exposed  parts.  In  most  localities  the  de- 
cay of  the  oak  is  retarded  by  imbedding  the  tie  in  the  ballast  as  little 
as  is  compatible  with  the  stability  of  the  track.  The  layers  of  woo<l 
under  the  rails  separate  from  each  other  by  the  breaking-through 
of  the  tracheids  between  the  large  ducts,  yet  not  as  readily  as  in  the 
Chestnut,  but  the  massive  bundles  of  medullary  rays  of  the  oak  to  some 
extent  check  the  breaking  or  crushing  of  the  tracheids,  and  offer  con- 
siderable resistance  to  the  undulation  of  the  rails  and  consequent  abra- 
sion of  the  ties.  The  ai^parent  injury  to  the  White  Oak  ties  by  spik- 
ing is  not  as  great  as  it  is  to  the  other  woods  under  consideration,  but 
it  is  sufficient  to  shorten,  to  some  extent,  the  life  of  ties  used.  Boring 
holes  for  the  spikes  would  jirevent  much  checking  of  the  wood,  and  a 
proper-sized  hole  w^ould  increase  the  adhesion  of  the  spike,  as  shown  by 
tests.* 

Time  of  cutting  White  Oak  for  ties. — The  season  of  cutting  affects  the 
heart-wood  much  less  than  it  does  the  sap-wood.  Great  care  must  be 
taken  of  timber  cut  from  April  to  July,  as  the  large  amount  of  sap  elab- 
orated at  this  time  furnishes  a  favorable  condition  for  the  development 
of  fungi,  first  involving  the  sap-wood  and  then  the  heart- wood.  For  a 
like  reason  care  must  also  be  taken  of  timber  cut  from  July  to  Novem- 
ber, as  the  sap-wood  is  liable  to  be  affected j  but  timber  cut  in  winter  is 
less  liable  to  attacks  of  fungi  at  once,  from  the  fact  that  as  a  rule  the 
temperature  is  too  low  for  such  growths,  and  the  wood  is  more  likely  to 
get  partly  seasoned  than  if  cut  in  the  summer.t 

PRESERVATION. 

This  has  been  accomplished  by  "Kyaniziug"  and  "Burnettizing'^ 
and  by  the  use  of  copper  sulphate.  But  the  treatment  must  be  long- 
continued  to  insure  full  penetration  into  the  wood ;  otherwise  it  will 
be  a  failure. 

Fungi. 

The  sap-wood  of  White  Oak  ties  in  the  ground  is  quickly  attacked  by 
Pohjporus  versicolor,  Fr.,  the  fungus  often  being  found  fruiting  on  tim- 
ber in  the  main  tracks.  The  past  season  I  have  found  it  growing  to 
some  extent  upon  the  heart-v\ood  of  this  class  of  ties,  showing  that 
under  favorable  conditions  it  can  destroy  the  heart-  as  well  as  the  sap- 
wood. 

DcedaUa  qucrcina,  Pers.,  is  often  found  growing  on  thesap-woo<l  of 
these  ties,  and  destroys  them  with  cousiderable  rapidity.^    Folyporus  op 
planains,  Fr.,  attacks  the  heart-wood,  an<l  is  very  destructive,  though 

*  Sco  Table  VI.  on  Adhnaion  of  Spikos,  p.  58 ;  also  note  and  tables  on  p.  ftj. 
t  Seo  foot-noto,  p.  37. 

\  Prof.  Charles  II.  Peck  tliinkn  it  raiinot  l»o  qncrriin,  as  lie  h-as  not  been  able  to 
find  any  Bpecimen^  of  this  species. 
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it  is  rarely  fouiul  fruiting  in  tho  nuiin  (racks.     Lenzitcs  vilas,  Pk.,  is  often 
found  upon  the  Wliite  Oak  tics  of  bridges. 

Chestnut,  Castanea  vulgaris,  var.  Americana^  A.  1)  C,  No.  290. 

Each  annual  ring  of  wood,  as  seen  in  the  photomicrograph  of  the 
transverse  section,  lias  one  concentric  circle  of  ducts,  at  least  in  the 
interior  portion  of  each  ring,  and  in  other  specimens  a  second  and  some- 
times a  third  occurs.  Botanists  recognize  only  one  species;  but  in  re- 
gard to  strncture  and  color  cf  the  wood  two  varieties  are  discernible. 
In  one  of  the  sections,  taken  from  a  tree  grown  near  New  York  City, 
the  effect  of  climatic  conditions  upon  the  character  of  the  cells  formed 
is  readily  traced. 

In  order  to  show  an  entire  section  of  this  ring  (from  the  second 
growth  wood,  the  most  desirable  for  ties)  three  plates  of  the  size  of  the 
one  presented  (7  by  7^)  would  be  required.  Tlie  section  of  this  ring 
was  taken  from  near  the  heart  of  the  tree,  and  exhibits  the  character- 
istic structure,  though  the  ducts  are  only  about  one-third  the  nsual  size. 
The  wood  from  whicli  the  photomicrographs  of  the  other  sections 
were  taken  is  most  suitable  for  ties.  Surrounding  the  ducts  and  grow- 
ing with  them  are  trachcids,  which  have  a  lumen  from  one-half  to  two- 
thirds  the  size  of  the  cell ;  but  in  some  of  the  annual  rings  (from  the 
same  piece  of  wood)  only  a  few  of  the  tracheids  are  seen  with  a  large 
Uimen  beyond  the  first  row  of  ducts;  there  arc  also  found  tracheids 
with  a  small  lumen  and  some  tibers  making  up  the  rest  of  the  ring, 
while  in  an  adjacent  ring  the  tracheids  may  form  many  rows  beyond 
the  ducts,  the  wood-fibers  usually  comjdeting  the  ring.  Wood  formed 
of  rings  of  the  latter  character  is  stronger  and  has  a  greater  specific 
gravity  than  wood  which  is  formed  of  annual  fings,  as  first  described. 
Under  the  microscope  the  distinction  between  the  two  grades  is  eastfy 
made;  lor  in  tlie  wood  composed  mostly  of  fibers  there  are  numerous 
cells,  whi(;h  in  the  alburnum  (except  in  active  growth)  contains  starcli. 
The  heavy  lines  of  cells  running  down  the  page  represent  the  medullary 
rays,  which  in  this  wood  are  mostly  in  single  rows,  the  cells  being 
placed  one  above  the  other.  The  medullary  rays  bend  around  the 
ducts,  their  cells  being  slightly  flattened  and  curved.  In  the  wood- 
tibers  the  medullary  rjvys  are  intersected  at  right  angles  by  numerous 
rows  of  cells  which  contain  starch,  as  described  above.  In  the  radial 
section  the  cells  crossing  the  page  are  those  of  the  medullary  rays, 
while  on  the  left  are  seen  the  numerous  tracheids  which  surround  the 
ducts.  On  the  right  of  the  page  are  the  longitudinally  arranged  wootl- 
cells  and  traces  of  some  of  the  snuiller  ducts.  The  eiuls  of  the  medullary 
rays  are  seen  to  be  composed  of  cells  in  single  rows,  and  very  numer- 
ous. The  cells  of  this  wood  contain  considerable  tannin,  and  their  size, 
with  a  comparatively  large  lumen,  shows  that  the  wood  has  a  low  speci 
fie  gravity,  ranging  from  0.30  to  0.56,  the  former  occurring  in  large  trees 
grown  in  dense  fort\sts,  while  the  latter  is  frequently  found  in  small 
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Photomlorogrtph  by  P.  H.  Dudley.  B«ll  Bro.^  WMhI.Jtoo.  D.  C. 

290.    Castanea  Vulgaris,  vak.  Americana,  A.  DeCandolle;  Cuestnlt. 
Transverse  Section  x  100  Diameters. 
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Photomicrograph  by  P.  H.  Dadley.  B»ll  Bro,..  W».hlngton.  0.  C. 

290.    Castanea  VULGARIS,  VAR.  Amrric ANA ;    A.  DkCandolle  ;    Chestnut. 

Radial  Section  x  100  Diameters. 
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290.    Castanea  VULGAKI8,  VAK.  Amrricana  ;    A.  DrCandolle;    Chestnut, 

Tangential  flection  x  100  Diameters. 
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trees  luiviug  large  leaf  areas  and  growing  in  open  woods,  as  second- 
growth  timber. 

Change  of  sap-wood  to  heart-wood. — In  largo  trees  tbis  change  takes 
place  in  from  ten  to  fifteen  years,  while  in  younger  trees,  growing  in 
the  New  England  States,  the  change  is  completed  sooner,  usually  in 
four  to  six  years.  This  is  important,  as  the  majority  of  ties  are  cut 
from  small  timber,  and  flattened  only  on  two  sides,  the  sap  woo<l  form- 
ing but  small  portions  of  the  faces  of  the  ties. 

Durability  of  Chestnut  ties. — Chestnut  w'ood  is  far  more  durable  in 
contact  with  the  soil  than  any  other  species  considered  in  this  paper, 
except,  possibly,  the  White  Cedar.  But  as  soon  as  iron  comes  in  con- 
tact with  the  longitudinally  arranged  fibers  of  the  unseasoned  wood, 
its  durability  is  decreased,  and  decay  is  likely  to  commence,  especially 
around  the  spikes.  After  a  few  years  ties  of  sound  Chestnut  are  found 
to  decay  from  the  surface  downward,  and  rapidly  in  the  vicinity  of  the 
spikes  and  under  the  rails.  In  most  soils,  if  the  ties  remain  in  the  tnick 
over  six  or  eight  years,  the  ends  and  central  portions  above  the  groun<l 
become  affected,  while  the  portions  under  the  ballast  are  sound.  The 
order  of  decay  is  the  rov^erse  of  that  of  White  Oak,  Yellow  Pine,  and 
Hemlock,  and  the  body  of  the  ties  lasts  longest  when  fully  imbedded 
in  the  ballast. 

Chestnut  is  a  soft  wood,  and  in  ties  which  have  been  removed  from 
the  track  after  four  to  six  years'  service,  on  account  of  cutting  under 
the  rails  and  injuries  from  spiking,  the  ends  and  centers  are  found  so 
sound  that  the  opinion  has  been  quite  general  that  Chestnut  ties  do 
not  decjiy  under  ordinary  service,  but  that  the  failure  is  due  to  the 
mechanical  destruction  of  the  wood  layers  under  the  rails.  After  hav 
ing  the  opportunity  during  the  past  two  years  of  examining  many 
thousand  Chestnut  ties,  removed  from  the  tracks,  I  find  this  opinion 
needs  important  modification.  Cut  out  a  section  of  a  tie  which  has  had 
four  years  of  service  under  fair  traflQc,  and  incipient  decay  is  found  to 
have  commenced  in  all  of  the  layers  which  have  been  loosened,  except 
three  or  four  under  and  next  to  the  rail,  as  here  the  air  dries  the  wood 
too  rapidly  for  fermentation  to  be  set  up  at  once;  but  the  fermenta- 
tion which  takes  place  uiuler  these  layers  soon  renders  the  fibers  soft 
and  brittle  and  capable  of  furnishing  but  little  support  to  the  rails. 
It  is  a  well-known  fact  that  the  rapidity  of  abrasion  increases  with  the 
age  of  service,  which  would  be  expected  after  an  investigation.  Coidd 
we  find  ties  where  the  injury  to  the  wood-fibers  from  the  spiking  did 
not  show,  the  affected  spot  would  be  V-shaped,  the  included  angle  be- 
ing larger  for  a  broad-  than  for  a  narrow-faced  tie.  This  effect  can  be 
noticed  in  Figure  1  (page  Gl),  though  fehat  of  the  spike  is  included  on 
one  side,  the  dark  portion  representing  the  injury.  In  Fig.  2  the  in- 
jury is  shown  extending  from  the  spike  along  the  fibers.  In  Chestnut 
ties  the  spikes  soou  discolor  the  wood  in  immediate  contact,  and  after 
this  hiis  taken  i>laco  fermentation  is  more  easily  set  up  in  the  discolored 
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wood  tbau  in  tlio  imcolored  portions.  The  injury  to  ties  of  this  wood 
by  the  spikes  is  twofold,  mechanical  and  diemical,  both  favoring  decay 
around  the  spilies  and  under  the  rails.  Boring  holes  for  the  spikes 
would  add  to  the  durability  of  Cliestnut  ties,  and  without  much  detri- 
ment to  the  adhesion  of  the  spikes  after  two  or  three  years  of  service. 

Under  trallic  as  heavy  as  tlnit  of  the  Boston  and  Albany  Eailroad, 
the  Chestinit  tie  generally  fails  by  the  rails  cutting  into  the  face;  but, 
excepting  at  the  entrance  of  the  great  yards,  this  does  not  occur  to  a 
marked  extent  until  the  fermentation  mentioned  has  taken  place  around 
the  spikes  and  under  the  rails. 

When  the  rings  of  wood  are  in  a  tangential  position  to  the  rails  they 
separate  by  the  breaking  of  the  tracheids  to  a  depth  of  from  one  to 
three  inches.  Those  rings  wliich  are  cut  through  and  present  their 
edges  to  the  surface,  separate  and  become  filled  with  sand,  which  is 
crushed  into  the  wood  by  the  passing  of  trains,  and  the  sand  will  be 
found  between  the  third  and  fourth  layers  under  the  rails.  In  such 
cases  the  fibers  are  between  "  the  upper  and  nether  mill-stone,"  and  are 
abraded  very  rapidly,  reciprocal  action  or  abrasion  also  taking  place  at 
the  base  of  the  rails. 

The  decay  of  Chestnut  tics  is  ubuaJly  very  slow,  and  on  ties  affected 
before  they  are  placed  in  tlie  road-bed  the  decay  is  generally  upward. 

Preserving  Chestnut  lies. — But  few  experiments  have  been  made  in 
preserving  this  wood  for  ties,  on  account  of  its  natural  durability. 
Those  experiments  made  with  corrosive  sublimate  hardened  the  fiber 
and  increased  the  wearing  capacity. 

FUNGI. 

The  fungi  which  I  liave  found  on  Chestnut  ties  in  the  New  England 
States  are  as  follows : 
Polyporus  versicolor,  Fr. ;  very  common  on  jiosts  also. 
Polyporus  hirsutus,  Fr. 

Pohjporus  pcrgamenus,  Fr. ;  on  ties  with  the  bark  on. 
Polyporus  sulphureus,  Fr. ;  without  doubt  very  common. 
Polyporus  spumcus,  (f )  Fr. ;  on  ties  removed  from  the  track. 
Agaricus  Americana,  Pk. 
Agarious  sublateritiiis,  Fr. ;  very  common. 

White  Cedar,  Ckaonweyparis  spliwroidea,  Spach.  No.  329. 

This  tree  is  found  from  "  Southern  Maine,  near  the  coast,  to  Northern 
Florida,  and  along  the  Gulf  Coast  to  the  valley  of  the  Pearl  Kiver, 
Mississippi,"  *  reaching  a  heighb  of  75  to  80  feet,  and  sometimes  with  a 
trunk  3  feet  in  diameter,  generally  growing  "  in  deep,  cold  swamps."  * 

In  the  New  England  States  this  tree  is  a  very  slow  grower,  in  the 
majority  of  cases,  the  annual  layers  ranging  from  1-32  to  1-lC  of  an  inch  ; 
some  exceed  this  width,  but  in  several  ties  measured  they  did  not  ex- 
•  C.  S.  Sar«ent,  Vol.  IX.,  Census  Report,  1880. 
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829.      ClIAMAECYFARIS  SPHAKROIDEA,   SPACH.  :     WhITK  CeDAU. 
Transverse  Section  x  100  Diameters. 
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329.    CttAMAECYPAUis  Sphaeroidea,  Spach.  ;    White  Cedar. 

Radial  Section  x  100  Diameters. 
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ceed  1-32  of  au  inch  2  inches  from  the  center.  The  wood  is  very  li^jht, 
weighing  only  from  19  to  22  pounds  per  cubic  foot.* 

In  the  photomicrograph  of  the  transverse  section  the  cells  are  seen 
to  be  of  nearly  one  size  throughout  the  entire  layer,  being  only  slightly 
compressed  in  the  fifth  to  the  tenth  row  of  cells  of  the  latest  growth 
in  each  ring.  The  walls  of  the  tracheids  are  of  nearly  uniform  tliick- 
ness  throughout  the  ring.  In  this  wood  there  are  no  resin-ducts; 
there  are,  however,  special  resin-cells  represented  by  a  few  black  rect- 
angular spots  near  the  outer  portion  of  each  ring.  This  feature  is  com- 
mon to  all  the  cedars  I  have  examined,  and  also  to  the  Sequoias.  The 
diameter  of  the  tracheids  is  the  smallest  of  any  of  the  Conifers  under 
consideration,  being  only  0.0013  to  0.0015  of  an  inch,  the  lumen  rang- 
ing from  0.0011  to  0.0013  of  an  inch.  The  medullary  rays  are  very  del- 
icate, and  in  this  view  hardly  show  a  trace  of  an  opening. 

The  radial  section  was  taken  from  a  specimen  of  narrower  layers  than 
those  of  the  transverse  section.  The  longitudinally  arranged  cells  of  the 
tree  are  represented  horizontallj-  on  the  page.  The  lenticular  markings 
are  very  small  and  close  together,  especially  near  the  ends  of  the  cells. 
The  chain-like  appearance  of  the  small  resin-cells  shows  for  a  short 
distance  in  the  lower  annual  laj'er.  The  cells  of  the  medullary  rays, 
which  are  not  abundant,  rundown  the  page,  and,  being  very  small  and 
generally  tilled  with  resinous  jiroducts,  are  not  easily  affected  by  fungi. 
The  great  delicacy  of  the  medullary  system  is  seen  in  the  tangential 
section  j  it  is  found  to  be  comjiosed  of  only  single  rows  of  cells,  which 
are  superimposed  one  above  the  other.  Often  but  a  single  cell  is  found, 
yet  bundles  of  two,  three,  or  four  cells  are  very  common ;  those  of  six 
are  interspersed  at  great  intervals  in  this  section,  and  now  and  then  a 
larger  bundle  occurs.  I  have  found  the  medullary  system  to  be  very 
delicate  in  all  the  cedars,  which,  in  addition  to  the  presence  often  of 
resinous  matter,  perhaps  in  a  measure  accounts  for  the  slow  later.il 
spread  of  the  spots  of  decaj'  in  this  wood. 

The  impression  made  on  one  who  for  the  first  time  sees  ties  of  this 
wood,  now  being  received  by  the  railroad  companies,  would  not  be  as 
favorable  as  that  in  the  case  of  those  who  have  had  a  large  experi- 
ence in  their  use.  Out  of  many  thousands  which  I  saw  just  received  by 
railroad  companies  this  spring,  not  10  per  cent,  were  perfectly  sound : 
yet,  when  put  in  the  ground,  they  will  lat't  from  eight  to  ten  years. 

Some  ties  would  have  a  decayed  center,  while  others  would  have  only 
five  to  ten  small  spots;  but  as  long  as  there  was  sufficient  room  for 
spiking  the  ties  were  considered  good,  as  they  decay  in  the  ground  so 
slowly  that  their  mechanical  destruction  under  the  traflBc  is  accom- 
plished before  they  are  completely  rotted. 

From  its  great  durability  this  wood  is  well  adapted  for  railroads  of 
moderate  passenger  and  freight  traffic.  The  ties  with  a  7-  to  8  inch  face, 
7  inches  thick  and  8  feet  long,  have  this  spring  cost  from  30  to  35  cents, 
while  Chestnut  ties  of  the  same  size  cost  55  toG5  cents  in  the  vicinity  of 

*  See  Table  II.,  Specific  Gravity,  p.  53. 
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Boston,  Mass.  The  sap-wood  on  the  tics  is  only  onc-luilf  to  three  quar- 
ters of  an  inch  thick,  and  quite  generally  the  former.  Sixteen  or  sev- 
enteen of  these  ties  are  l)ut  under  a  rail  30  feet  long.  It  is  the  softest 
and  lightest  of  all  the  woods  considered  in  this  report,  but  it  is  found 
to  be  most  durable  in  service,  and,  because  of  its  small  medullary  rays, 
when  in  the  ground  does  not  absorb  proportionately  as  much  water 
into  its  wood-cells  as  the  Ilendock  or  Chestnut,  and  after  three  or  four 
years'  service  is  not  cut  into  as  rapidly  as  are  the  two  latter  kinds  of 
tics.  The  logs  of  this  wood  which  have  been  buried  in  the  swamps  of 
New  Jersey  for  hundreds  of  years,  when  cut,  rise  aiul  float,  showing 
that  they  are  not  "  water-logged." 

This  tree  has  an  abuiulanco  of  small  limbs  which  shoot  out  near  the 
ground  and  do  not  die  until  the  limbs  and  foliage  above  them  shut  ont 
the  necessary  supply  of  light  for  growth  ;  then  they  become  dry,  but  do 
not  decay  rapidly;  when  they  break  oil'  it  is  close  to  the  trunk,  the 
wound  being  healed  over  at  once,  as  in  many  other  trees;  but  it  re- 
quires from  ten  to  thirty  years  to  close  over  the  projecting  stub. 

In  many  cases  spores  of  higher  fungi  [Ilymenomycetes)  and  the  spori- 
dia  of  some  species  of  the  Sphwriacei  find  lodgment  on  the  bark  of 
the  broken  limbs,  and  finally  a  growth  is  extended  to  the  heart-wood. 
But  on  account  of  limited  supply  of  air  the  decay  thus  set  up  is  very 
slow,  and  it  follows  up  and  down  the  wood-cells,  spreading  laterally 
very  little.  Thus  the  decayed  tissue  may  extend  considerable  distance 
in  the  timber  and  yet  not  exceeding  one-h.alf  or  an  inch  in  diameter.  If 
the  wound  finally  becomes  closed  and  the  air  supply  cutoff,  all  fungous 
growth  is  checked,  if  not  fully  arrested. 

Durability. — On  account  of  its  softness  and  natural  durability,  this 
wood  has  not  been  treated  to  any  extent  to  preserve  it  for  ties.  The 
spikes  do  not  hold  in  it  as  well  as  in  some  of  the  harder  woods,  yet  it  is 
very  valuable  for  the  above-mentioned  traflic,  and  its  use  is  on  the  in- 
crease. The  rings  do  not  separateas  freely  as  those  of  the  Yellow  Pine, 
and  thecuttingdown  of  the  fibers  is  due  largely  to  abrasion;  the  spikes 
draw,and  from  tlie  looseness  of  the  rails,  together  with  thesand  andgiit 
between  them  and  the  ties,  the  fibers  are  crushed  by  the  passing  of 
every  train.  Could  the  rails  be  kept  tightly  spiked,  the  cutting  would 
not  proceed  so  rapidly.  For  a  trunk  line  freight  tratlic  the  White  Cedar 
tie  is  too  soft  for  the  present  GS-pound  rail  with  only  a  4^-  to  4^-inch 
base.  In  order  to  save  the  Chestnut  ties  for  their  curves,  roads  of  light 
traffic  are  now  commencing  to  replace  these  on  their  tangents  with 
Cedar. 

FUNGI. 

The  species  of  fungi  that  attack  this  wood  are  but  little  known.  In 
searching  for  them  on  the  Boston  and  Maine  llailroad,  from  lioston  to 
Portland,  I  found  specimens  in  fruit  of  only  Affaricus  eatnpajicUa, 
Batscli  ,  which  has  a  tawny  pubescence  at  the  base.  Agaricus  mcllcus 
Vahl.,  has  been  said  to  attack  this  wood,  but  J  have  never  been  nbic  to 
find  it  either  on  the  jjrostrate  trunks  or  on  the  ties. 
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380.     PiNUs  Palustris,  Miller;    Longleaf  Pine. 
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Long-leaved  or  Yellow  Tine,  Viam  imluHlrix^  Mill.  No.  ;3S0. 

Tbc  strikiiij,'  appeiirance  of  the  striicturo  of  tlii«  wood,  as  seen  in  the 
trausverse  section,  consists  in  the  strongly  marked  zones  of  different  cells 
in  each  layer  of  growth.  At  the  present  time  satisfactory  distinctive 
names  have  not  been  given  to  these  two  classes  of  wood-cells  or  tracheids. 
I  shall  use  the  term  thin-  and  thick- walled  tracheids  to  distinguish  them. 
The  former  grow  in  the  flrst  part  of  the  season,  and  the  latter  during  the 
summer;  but  the  line  of  demarkation  between  them  is  sharp,  not  being 
a  gradual  merging  as  in  most  of  the  other  Conifers.  In  some  trees,  each 
layer  is  made  up  of  about  equal  portions  of  the  thin-  aiid  thick- walled  tra- 
cheids, though  these  layers  may  vary  in  thickness  from  one-thirty-second 
to  one-fourth  of  an  inch ;  in  other  trees,  the  layer  of  thin-walled  tracheids 
is  the  thickest,  and,  as  a  rule,  such  wood  is  of  less  specific  gravity  than 
that  with  thicker  layers.  The  size  of  the  wood-cells  in  different  individ- 
uals is  not  the  same,  and  this  feature  also  affects  the  specific  gravity. 

In  selecting  a  i)iece  from  which  to  make  an  illustration  to  show  an 
entire  annual  ring,  we  are  obliged  to  take  one  of  less  than  medium 
thickness  in  order  to  get  it  on  the  page.  In  a  luxuriant  growth  a 
larger  one  might  be  selected  which  would  show  only  one  class  of  tra- 
cheids. Measurements  from  these  photomicrographs  will  give  average 
results  for  this  wood.  The  largest  of  these  walls  measures  .003  by  .0025 
of  an  inch,  with  a  lumen  of  .0025  by  .002  of  an  inch;  the  thick  ones  are 
.002  by  .001  of  an  inch,  with  a  lumen  of  .0006  by  .0004.  Many  rows  of 
cells  of  the  same  size  are  seen  running  parallel  to  the  medullary  rays, 
usually  single,  sometimes  double,  but  rarely  in  threes. 

The  thick-walled  tracheids  are  nearly  quadrangular,  and  some  of 
them  tabular,  and  the  same  number  of  concentric  rows  occupy  only 
about  one-half  as  much  in  width  of  the  ring  as  would  the  same  number 
of  rows  of  thin- walled  tracheids;  the  former  give  the  hardness  and 
great  elasticity  to  the  wood.  It  has  been  generally  stated  that  the 
thick-walled  tracheids  contain  the  most  of  the  resinous  matter;  this 
applies  only  to  the  volume,  as  by  weight  I  found  that  practically  tltey 
contain  equal  amounts.  The  large  openings  which  inclose  the  tissue 
of  the  resin  canals  are  prominent  features  in  the  transverse  section  of  this 
wood.  Smaller  canals  occur  in  the  medullary  rays,  and  if  vliey  were 
wider  they  could  be  readily  traced  in  the  illustration;  one  appears  in 
this  photomicrograph.    The  two  systems  of  resin-canals  are  connected. 

The  heavier  lines  of  cells  running  up  and  down  the  page  are  the  me- 
dullary rays  with  their  canals;  and,  though  numerous,  the  cells  are  not 
strong,  the  annual  rings  of  wood  being  quite  easily  separated  from  each 
other  when  under  severe  service,  or  in  the  sun.  Thick  layers  can  be 
readily  separated  with  a  knife,  from  sections  one-half  to  three  fourths 
of  an  inch  in  width.  The  separation  of  the  thick-  from  the  thin- walled 
tracheids  in  the  same  layer  is  far  more  difficult,  the  latter  breaking  off 
in  short  sections. 

The  lenticular  markings  on  the  tracheids  are  more  abundant  near  the 
ends  of  the  cells  than  in  the  center,  and  the  ai)pearanco  of  swellings  on 


46 

the  vails  of  the  smaller  cells,  parallel  to  the  medullary  plates,  is  due 
to  the  cross-section  of  the  lenticular  markings. 

The  walls  of  each  cell  are  coiiii)Ose(l  of  three  layers — an  inner  one, 
quite  thin  and  surrounding  the  lumen  ;  then  a  thick  one,  and,  lastly,  a 
thinner  one,  which  is  so  delicate  that  between  the  adjjicent  cells  it  aj)- 
pears  as  one  wall ;  but,  in  some  woods,  is  known  to  consist  of  two  dif- 
ferent layers  for  each  cell  and  is  believed  to  be  so  in  all ;  its  division  can 
be  seen  in  the  transverse  section  of  the  Tamarack.* 

In  the  radii>l  section  the  longitudinally  arranged  cells  are  seen  with 
their  lenticular  markings.  It  is  generally  stated  that  in  the  <luramen 
the  lamella  between  the  domes  of  each  one  of  these  markings  becomes 
broken,  so  that  there  is  a  free  communication  between  the  cells;  this  is 
not  the  case:  the  delicate  membrane  is  pushed  over  to  one  side  in  the  di- 
rection of  the  exit  of  the  sap,  and  may  be  found  by  the  highest  grade 
of  objectives.  When  it  is  covered  with  resinous  products  the  passage  of 
heavy  fluids  is  much  impeded  and  this  is  one  of  the  reasons  vvhy,  with- 
out special  treatment,  it  is  so  difficult  to  secure  the  penetration  of  preserv 
ing  fluids  in  this  wood.  These  cells  can  be  filled  with  any  antiseptic 
(creosote  combined  with  an  oil,  etc.),  but  it  is  a  question  of  time,  heat, 
and  vacuum. 

The  walls  of  the  more  open  or  larger  cells  are  seen  to  be  some  dis- 
tance apart;  the  white  space  shows  their  cavities,  with  the  lenticular 
markings  appearing  in  the  background  as  it  were,  or  in  this  class  of 
tracheids  in  plains  parallel  to  those  of  the  medullary  rays.  The  dark 
upright  bands  shown  in  the  photomicrograph  represent  the  thick  walled 
tracheids.  The  lenticular  markings  in  these  are  generally  on  the  walls 
which  lie  in  planes  at  right  angles  to  those  of  the  medullary  rays  and  are 
much  smaller  in  diameter.  The  lines  crossing  the  page  rei)resent  the 
medullary  rays,  the  upper  one  showing  a  resin-duct  in  longitudinal  sec- 
tion, the  cells  of  which  are  very  delicate.  The  marginal  cells  of  the 
medullary  rays  are  decidedly  irregular,  and  are  more  or  less  serrated  ; 
the  center  rays  have  two  to  four  thin  places  opposite  each  cavity  of  the 
tracheids;  but  in  the  transverse  section,  where  the  latter  are  in  contact 
with  the  medullary  rays,  it  can  be  seen  that  the  inner  and  next  lamella 
are  not  continuous  ;  the  same  feature  occurs  in  the  White  Pine. 

In  the  tangential  section  are  seen  the  openings  of  the  medullary  rays, 
which,  except  those  inclosing  the  resin  canals,  are  of  single  rows  of 
cells,  one  to  eight  being  superimi)osed  one  above  the  other  in  the  bun- 
dles ;  the  marginal  cells  are  the  darker  spots  above  and  below  the  cen- 
tral portion  of  each  bundle.  In  these  sections  the  lenticular  markings 
are  seen  to  be  very  abundant  on  the  cell- walls.  The  interlacing  of  the 
tracheids  is  also  well  shown.  On  the  right  is  seen  an  opening  of  a  resin- 
canal  in  the  n)edullary  system.  In  the  duramen  the  medullary  cells 
are  more  or  less  filled  with  resinous  products,  which  makes  it  difficult 
to  force  fluids  through  these  rays  into  the  central  portion  of  the  stick  ; 
and  in  the  ground,  too,  the  moisture  i)enetrates  longitudinally  much 

*  See  transverse  section  Lar'ix  Aitiericana,  p.  51. 
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Castor  thiiM  in  uii  opi>osite  direction  through  the  iiitMlulhiry  rays.  As 
before  stated,  the  cells  of  the  modulhiry  rays  arc  not  stroii};  ;  in  all  cases 
spiking  the  ties  separates  each  layer  longitudinally  from  three-fourths 
to  one  inch  on  each  side  of  the  spike,  and  in  many  ties  the  checks  ex- 
tend much  farther. 

DURABILITY  AND  FUNGI. 

Ordinarj'  specimens  of  Yellow  Pino  contain  from  eighteen  to  twenty 
per  cent,  of  resinous  matter,  which  is  supposed  to  add  much  to  thcdur 
ability  of  the  wood.  But  this  does  not  seem  to  be  the  case  when  the 
wood  is  i)ut  in  the  ground,  or  in  the  road-bed  as  ties.  In  such  situa 
tions  it  is  rapidly  destroyeil  by  the  fungus  Lentinus  lejndeus,  Fr.,  an 
Agaric.  I  have  I'ound  this  so  general  over  a  groat  extent  of  territory 
that  I  am  inclined  to  think  it  is  a  fungus  peculiar  to  the  heart-wood  of 
this  timber,  especially  when  the  latter  is  in  exposed  situations.  I  have 
found  Tramctcs  pini,  Fr.,  on  dock-timbers  a  few  times,  but  more  often  on 
ties.  The  mycelium  of  the  latter  is  yellowish,  a  color  that  distinguishes 
it  from  the  clear  white  mycelium  of  the  former  fungus.^  Long-continued 
warmth  and  moisture  facilitates  the  growth  of  the  mycelium  of  Lentinus 
lepideus,  and,  consequently,  rapid  destruction  of  the  wood.  I  have 
samples  of  Yellow  Pine  ties  from  the  Panama  Railway  which  were  rot- 
tetl  in  two  years,  while  in  the  Southern  States  they  last  from  four  to  six 
years',  in  the  Middle  States,  from  live  to  eight  years.  Formerly  the 
first  Yellow  Pine  ties  used  on  the  New  York  railways  lasted  from  ten  to 
fourteen  years.  The  reason  given  why  the  present  ties  do  not  last 
longer  is  that  they  are  now  made  from  timber  of  "  tapped"  trees.  This, 
nowever,  is  !iot  the  sole  reason,  especially  in  road-beds  where  Yellow 
Pine  ties  were  formerly  used,  and  where  the  mycelium  of  its  injurious 
fungus  remains  fi'om  former  decayed  ties  in  the  road-bed  and  is  ready 
lo  attack  the  new  summer-laid  ties.  The  rational  procedure  from  these 
observations  would  be,  to  replace  the  unsound  ties  by  such  of  another 
wood  as  are  not  affected  by  the  same  fungus. 

When  the  Yellow  Pine  wood  can  be  kept  comparatively  dry,  it  is  very 
durable;  this  is  shown  by  the  ties  not  decaying  quickly  where  the  upper 
surface  remains  dry,  but  still  does  not  always  indicate  what  has  taken 
place  on  the  inside  or  underneath.     Upon  raising  the  track,  many  un 
souikI  ties  are  found,  which  on  the  surface  did  not  indicate  the  presence 
of  decay.     In  the  vicinity  of  Albany,  N.  Y.,  Yellow  Pine  ties  in  cin 
der  ballast  (from  locomotivcc?)  are  rotted  by  their  specitic  fungus  much 
fiister  than  they  are  in  gravel  ballast.     As  before  stated,  the  layers  of 
wood  are  checked  in  driving  the  spikes,  and,  moisture  thus  being  atl 
mitted,  fermentation  takes  place  and  the  layers  separate  under  the 
rails,  frequently  throughout  the  entire  length  of  the  tie.    The  mycelium 
of  Lentinus  lepidem  often  follows  the  checks,  and  the  decay  is  thus 
hastened. 

Un<ler  severe  service  it  is  not  uncommon  to  see  the  ends  of  many  ties 
of  this  wood  split  and  crushed,  otfering  but  little  support  to  the  rails, 
with  the  spikes  loose.  The  fermentation,  which  precedes  the  growth  of 
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tlicluugus  incntioncd,  softens  the  thin  walled  tnieheids  tii'st;  then  often 
hirvje,  from  one-sixteenth  to  one  eij^hth  of  an  ineh  in  length,  bore 
throngh  and  throngh  the  softened  eclls,  while  the  harder  tissues  are  left 
undestroyed  until  the  dceay  is  farther  advanced ;  and  thus  what  seems 
to  1)0  a  sound  tie  from  above,  is  but  a  series  of  shells.  Sphwria  inlifcra 
(Fr.)  grows  in  great  abundance  on  the  sap-wood  of  Yellow  Pine,  discol- 
oring the  wood  with  its  dark  threads.  The  abundance  of  the  perithccia* 
of  this  fungus  on  sawed  lumber  gives  the  surface  a  dark  moldy  aj)- 
pearance ;  drying,  however,  checks  the  growth,  but  it  is  again  set  up 
as  soon  as  moisture  and  warmth  are  jiresent,  and,  if  the  timber  be  still 
unaffected,  these  same  conditions  will  be  favorable  to  fermentations  and 
the  consequent  decomj)osition  of  the  sap-wood.  This  is  readily  noticed 
in  the  floors  of  freight-cars,  the  sap-wood  rotting  in  one  or  two  years; 
thus  it  would  seem  advisable  never  to  use  sap-wood  in  situations  where 
heat  and  moisture  are  liable  to  occur. 

Preservation. — Creosote  and  other  antiseptics  can  be  made  to  pene- 
trate the  heart  wood  only  quite  slowly,  so  that  in  many  cases  the  result- 
ing treatment  is  rather  superficial.  A  recent  examination  of  several 
thousand  cubic  feet  of  timber  of  this  wood,  which  had  been  creosoted, 
showed  this  to  be  the  case,  a  superficial  exterior  protection  only.  In 
several  places  the  fungus  Trametcs  piwi  (Fr.)  was  growing  on  the  wood 
as  though  it  had  not  been  treated,  the  mycelium  having  developed 
under  the  superficial  coating.  In  this  case  the  treatment  was  too  short, 
resulting  in  a  penetration  only  of  one-eighth  to  three-sixteenths  of  an 
inch  in  depth.  1  have  examined  many  ties  treated  with  creosote,  where 
the  i)enetratiou  was  ample  to  protect  them,  showing  that  the  treatment 
can  be  such  as  to  thoroughly  impregnate  them,  but  it  is  a  matter  of  time 
and  pressure.  I  have  also  examined  many  of  the  so-called  "  vulcanized  " 
ties,  which,  after  three  years  of  service,  did  not  show  any  decay.  It  may 
bo,  however,  that  seasoning  of  the  ties  of  this  wood  is,  on  the  whole, 
a  matter  of  first  importance  to  insure  longer  life. 

Hemlock,  Tsuga  Canadensis^  Carriere.    No.  387. 

This  wood,  once  very  abundant,  and  still  covering  a  large  tract  of 
country,  has  been  extensively  used  for  ties,  and  will  of  necessity  be  sub- 
stituted for  other  woods  which  are  now  becoming  scarce.  Professor 
Sargentjt  gives  its  distribution  as  follows  : 

"Nova  Scotia,  Southern  Now  l'riinswii;k,  valley  of  the  Saiut  Lawrence  liiver  to  the 
shores  of  LakoTemiscainiiig,  southwest  to  tlie  western  horder  of  Northern  AVisconsin  ; 
south  through  the  Northern  Stales  to  Now  Castle  County,  Delaware,  Southeastern 
Michigan,  Central  Wisconsin,  and  along  the  Alleghany  Mountains  to  Clear  Creek 
Falls,  Winston  County,  Alabama  (Mohr.)." 

The  i)hotomicrograph  of  the  transverse  section  indicates  that  the 
wood  is  soft,  though  harder  than  that  of  the  White  Cedar.  The  zone 
of  thick- walled  tracheids  in  the  outer  portion  usually  forms  from  one- 
fifth  to  one  fourth  of  the  ring ;  where  the.  two  classes  of  cells  join  in  the 

*  Beak-like  protuberances  containing  spores. 

t "  Forest  Trees  of  North  America,"  Vol.  IX.  of  Tenth  Census  Report,  1880. 
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same  riug  there  is  a  gradual  merging  and  not  a  sharp  line  of  demarca- 
tion, as  in  the  Yellow  Pine  {Pinus  palustris)  or  in  the  Tamarack  {Larix 
Americana).  The  thick-walled  cells  in  this  wood  are  of  a  different  char- 
acter from  those  of  the  two  woods  Just  mentioned;  the  cells  are  not  as 
strong,  the  lumen  being  proportionately  larger.  The  thin- walled  tra- 
cheids,  though  not  so  large  as  those  of  the  Yellow  Pine,  are  generally 
quadrangular,  and  have  the  same  proportionately  large  lumen,  and  the 
corners  of  the  cells  not  being  thickened  they  are  crushed  more  easily. 
Like  the  thin  walled  ones  of  the  Yellow  Pine,  both  classes  of  tracheids 
are  "  brash,"  and  in  breaking  snap  off  quite  short.  So  far  as  I  have 
observed,  the  so-called  "Yellow  Hemlock"  has  a  greater  proportion  of 
thick-walled  tracheids  in  each  layer  than  the  '*  White  Hemlock." 

The  lines  running  down  the  page  represent  the  medullary  rays,  and 
occur  only  in  lines  of  cells  of  single  width.  The  absence  of  resin-canals 
in  this  wood  is  in  marked  contrast  to  the  Yellow  Pine  or  Tamarack. 

In  the  White  Cedar  the  dark  and  apparently  solid  cells  shown  in 
the  transverse  section  are  those  of  the  longitudinally- arranged  special 
resin-cells ;  but  none  of  these  have  as  yet  been  found  in  the  Hemlock, 
the  resinous  matter  in  this  wood  being  much  less  abundant  than  in  the 
other  Conifers  considered.  In  the  transverse  section  what  appears  as 
small  cells  are  those  cut  off  near  their  tapering  ends,  and  the  swelling 
of  the  walls  on  the  side  in  a  plane  parallel  to  that  of  the  medullary 
rays  is  due  to  the  cross-section  of  the  lenticular  markings;  in  the 
radial  section  these  will  be  seen  to  be  smaller  and  rounder  than  those 
of  Yellow  Pine  or  Tamarack,  but  larger  than  those  of  the  White  Cedar. 
For  a  long  time  it  has  been  the  opinion  that  in  the  mature  cell  there  is 
a  free  opening  in  the  lenticular  markings,  the  middle  lamella  breaking 
away.  This  is  not  found  to  be  the  case  when  examined  with  the  high- 
est grade  of  objectives.  In  the  large  cells  the  lamella  becomes  crowded 
to  the  opening  of  the  dome  on  the  side  where  the  sap  is  making  its  exit, 
and  must  be  looked  for  with  great  care,  while  in  some  of  the  thick, 
walled  cells  it  retains  its  central  position  and  is  readily  seen.  In  the 
radial  section  the  structure  of  the  longitudinally-arranged  cells  is 
clearly  shown,  the  harder,  dense  portion  of  the  ring  being  seen  on  the 
left  of  the  page.  The  lines  running  across  the  page  represent  the  med- 
ullary rays.  Above  the  upper  row  are  seen  the  ends  of  the  tracheids 
slightly  rising  as  they  approach  the  outer  portion  of  the  ring. 

In  the  tangential  section  the  ends  of  the  medullary  rays  are  seen  to 
be  in  single  rows,  the  cells  being  superimposed  one  above  the  other. 
In  a  few  instances  only  a  single  cell  occurs,  while  in  others  there  are 
two,  three,  and  as  many  as  twenty.  These  cells,  as  seen  in  the  radial 
section,  are  short  and  easily  parted,  not  binding  the  wood  together 
firmly,  as  in  the  White  Oak.  The  lenticular  openings  are  abundant  on 
the  cell-walls  parallel  to  the  medullary  plates. 

Durability. — The  Hemlock  is  not  a  durable  wood  in  contact  with  the 
ground,  and  ties  decay  in  about  four  years.  The  structure  of  the  wood 
21753— Bull.  No.  1 i 
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readily  admits  of  treatment  by  antiseptics,  itut  it  must  be  thoroiijfblj' 
done;  such  a  treatment  that  practically  will  keep  every  liber  of  the 
wood  drj' ;  or,  if  not  thus  protected,  the  antiseptic  must  be  of  sufhcicnt 
strength  to  prevent  any  fermentation  from  being  set  up.  A  i)ortioii  of 
the  wood  left  unprotected  aud  put  in  the  ground  would  still  be  liable 
to  attacks,  aud  decay  would  soon  follow  in  other  parts.  Mere  exterior 
protection  is  one  of  the  best  ways  to  start  internal  decay,  the  so  called 
"dry-rot,"  iLS  timber  does  not  decay  unless  moisture  is  i)resent.  We 
have  an  abundance  of  proof  that  Hemlock  ties  well  treated  will  last 
for  fifteen  or  twenty  years.  I  have  a  i)iece  of  Hemlock  wood  which 
was  "Kyanized"  in  1847,  and  has  been  in  the  ground  until  this  year, 
188C,  and  is  generally  sound.  The  experience  of  railroad  companies 
in  using  treated  Hemlock  ties  is  so  extended  in  this  country  that  the 
eflQcacy  of  such  a  plan  no  longer  admits  of  doubt  as  to  its  practicabil- 
ity or  expediency.  On  the  Chicago,  Rock  Island  and  Pacific  Railroad 
some  "  Burnettized"  Hemlock  and  Tamarack  ties  were  put  in  the  road- 
bed in  18G6,  and  in  1882,  after  sixteen  years  of  service  under  heavy 
traffic  near  Chicago,  about  75  per  cent,  of  them  were  still  in  the  track, 
and  the  rails  not  cutting  into  them  any  more  than  they  would  into 
White  Oak  ties.  Several  other  roads  have  had  similar  results.  Since 
1881  the  Eastern  Railroad,  of  Massachusetts,  has  "  Kyanized  "  (by  a 
simple  bath  in  a  1-per  cent,  solution  of  an  antiseptic)  many  thousand 
Hemlock  ties,  at  a  reported  cost  of  11  to  12  cents  per  tie,  and  they  are 
employing  the  process  at  the  present  time.  Treating  Hemlock  by  either 
of  the  processes  mentioned  hardens  the  fiber  of  the  wood.  Effectiv'e 
creosoting  preserves  the  timber,  but  does  not  harden  the  fiber  as  do 
other  treatments.  Charring  the  exterior  of  Hemlock,  as  is  done  for 
some  woods- in  France,  would  be  but  a  partial  protection,  as  fermenta- 
tion might  still  take  place  internally.* 

FUNGI. 

The  fungi  that  attack  this  wood  are  numerous,  and  the  following  is  a 
list  of  those  so  far  observed : 

Agarlcus  melcus,  Vahl.  Polyporus  lucidus,  Fr. 

Agaricus  campanella,  Batsch.  Polyporus  benzoinus^  Fr. 

Agaricus  porrigens,  Pers.  Polyporus  epileucus,  Fr. 

Agaricus  succosus,  Pk.  Polyporus  Yaillantii,  Fr. 

Agaricus  rugosodiscus,  Pk.  Polyporus  suhacidus,  Pk. 

Agaricus  cpipterygius,  Scop.  Polyporus  medullapanis,  Fr. 

Paxillus  atrotomentosus,  Fr.  Polyporus  pincola,  Fr. 

Lenzites  sepearia,  Fr.  Polyporus  abietinus,  Fr. 

Stereum  radiatum,  Pk.  Polyporus  horealis,  Fr. 

*  Since  writing  the  above  I  have  obtained  a  piece  of  one  of  the  ties  "  Kyanized"  by 
the  Eastern  Railroad  Company,  put  .down  in  1881  aud  taken  np  in  the  fall  of  1886  ; 
it  is  perfectly  sound,  aud,  while  under  very  heavy  traffic,  the  wood  is  not  cut  into 
over  three-eighths  of  an  inch  under  the  rail. 
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Tamarack,  Larix  Americana,  Miclix.  No.  401. 

The  photomicrograph  of  the  transverse  section  shows  a  zone  of  hard, 
dense,  nearly'  solid  tracheids,  which  form  from  one-sixth  to  one-third  of 
the  annual  ring,  and,  like  those  of  Pinus  jHilustria,  have  a  sharp  line  of 
demarcation  where  the  two  classes  join  in  the  ring.  These  two  species 
of  trees  attain  their  greatest  development  in  opposite  portions  of  the 
country :  the  Tamarack  in  the  Xorth,  and  the  Yellow  Pine  in  the 
South.  The  resin-canals  in  the  former  are  confined  to  the  zone  of 
thick-walled  tracheids,  and  are  usually  near  the  outer  portion  of  the 
ring.  The  cells  which  form  the  exterior  portion  of  the  canal  are  much 
thicker  and  firmer  than  those  in  Pinm  palustria,  and  the  area  of  the 
canal  is  also  much  less.  Generally  two.  canals  are  in  close  proximity, 
but  without  any  apparent  connection. 

The  thin-walled  tracheids  in  diflferent  trees  vary  somewhat  in  size, 
ranging  from  0.0025  of  an  inch  to  0.002  of  an  inch  in  diameter  in  a  ra. 
dial  direction,  and  from  0.002  to  0.0015  of  an  inch  in  a  longitudinal 
direction.  The  lumen  measures  from  0.001  of  an  inch-to  0.0013  of  an 
inch,  the  walls  being  much  thicker  than  those  of  some  other  woods, 
a  feature  which  gives  this  wood  greater  wearing  qualities. 

In  many  parts  of  the  transverse  section  the  division  between  the  la- 
melloe  joining  the  cells  can  be  seen,  something  that  cannot  be  made  out 
in  any  of  the  other  Conifers.  The  medullary  rays  are  quite  numerous 
and  of  considerable  size,  showing  their  cavity  quite  clearly  with  this 
magnifying  power.  The  lenticular  markings  on  the  cells  are  most 
abundant  near  the  ends,  and  less  frequent  in  the  middle,  and  the  swell- 
ing of  many  of  the  walls  parallel  to  the  medullary  rays  is  due  to  the 
cross-section  of  such  markings.  This  peculiarity  of  the  markings  is 
also  seen  in  the  radial  section. 

In  the  radial  section  the  lines  crossing  the  page  represent  the  medul- 
lary rays,  the  walls  of  which  are  very  thick  and  strong,  the  thin  places 
in  them  being  very  small,  in  the  central  ray  is  seen  a  longitudinal  sec- 
tion of  one  of  the  resin-canals  of  the  medullary  system.  In  the  tangen- 
tial section  the  medullary  rays  are  seen  to  be  cells  arranged  in  single 
rows,  usually  from  six  to  eighteen  cells  superimposed  one  above  the 
other,  except  in  those  rays  inclosing  a  resin-canal.  The  thickness  of 
the  walls  is  very  apparent,  and  of  great  importance  in  preventing  decay. 

The  quality  of  the  wood  of  this  tree  is  such  that  it  deserves  to  be 
more  widely  known  and  more  extensively  used  for  ties  than  it  has  been ; 
yet  where  its  growth  is  abundant  adjacent  to  their  lines,  a  few  railroa(i 
companies  have  employed  it  for  ties.  But  it  was  only  in  a  few  locali- 
ties, where  the  timber  was  thus  situated,  that  these  ties  were  found 
recently  put  in.  Ea<jh  annual  ring  has  a  zone  of  hard,  dense  trachei<ls, 
which  render  it  capable  of  sustaining  the  heaviest  freight  traffic;  its 
durability,  too,  is  another  feature  of  great  importance. 

rreaervation  and  Fungi. — This  wood  is  easily  treated  with  antiseptics 
to  prevent  decay,  especially  with  sulphate  or  acetate  of  iron  ;  and  ties 
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so  treated  have  lasted  over  thirty  years  under  heavy  tralTic.  These  ties 
were  originally  9  feet  long,  having  been  moved  under  the  rails  three 
times,  and  were  destroyed  only  by  continued  spiking.  The  sap- wood 
did  not  show  evidence  of  decay  exceeding  one-eighth  of  an  inch  in 
depth ;  while  the  wood  within  was  sound  and  bright.  Untreated  Tama- 
rack ties  last  from  five  to  eight  years. 

The  decay  was  not  uniform ;  in  most  cases  it  was  from  the  outside  in- 
ward, the  sap-wood  being  destroyed  first;  in  others  the  decay  was  from 
the  bottom  upward.  Unfortunately,  however,  these  observations  are 
somewhat  incomplete,  as  the  history  of  the  ties  could  not  be  satisfac- 
torily traced. 

The  fungi  which  grow  on  this  wood  are  Polyporus  pinicola,,  Fr.,  and 
Polyporus  ahietinus,  Fr. 


Western  Larch,  Larix  occidentalism  Kuttall.    No.  402. 

The  photomicrograph  of  the  transverse  section  shows  this  to  be  a 
much  harder  and  more  dense  wood  than  that  of  the  preceding  species  ; 
the  thin  tracheids  are  larger  and  nearly  rectangular,  the  largest  of  them 
measuring  .0025  of  an  inch,  with  a  lumen  .002  x  .002  of  an  inch,  the 
walls  of  which  are  comparatively  thick. 

The  decidedly  tabular  thick-walled  tracheids  measure  .002  x  .0013  of 
an  inch,  the  lumen  being  very  small,  in  many  cases  only  a  trace  of  a 
cavity;  and,  comparatively  speaking,  the  thick-walled  cells  comprise  a 
greater  number  of  rows  than  the  thin-walled  ones,  a  feature  which  gives 
to  this  wood  increased  hardness,  strength,  and  elasticity  over  the  pre- 
ceding species.  The  line  of  demarcation  between  the  two  classes  of 
tracheids  in  the  same  layer  is  distinct  and  sharp. 

The  number  and  form  of  the  resin-canals  is  quite  similar  to  those  of 
the  common  Tamarack.  In  the  radial  section  the  lenticular  markings 
are  not  so  frequent ;  generally  but  one  row  is  found  on  the  side  of  the 
thin- walled  tracheids,  where,  in  the  preceding  species,  there  are  com- 
monly two  rows.  The  medullary  rays  are  in  broad  bands,  with  a  struct- 
ure almost  identical  with  that  of  the  Tamarack.  In  the  tangential  sec- 
tion the  medullary  rays  are  in  single  rows,  except  when  inclosing  a 
resin-canal;  but  the  cells  are  larger  and  more  conspicuous  than  in  the 
preceding  species. 

Table  I. — Comparative  average  number  of  fibers  in  a  square  of  wood  rbu  of  o**  ^wcA  on  a 
side,  or  Ti7oxnr  of  the  area  of  a  square  inch. 


No. 

Woods. 

Hemarks. 

251 

WhiteOak 

290 

329 

WhiteCedar 

different  specimens  of  this  wood. 

380 

n87 

401 

402 
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The  above  figures  would  vary,  to  some  extent,  for  diflferent  speci- 
mens, but  tbey  give  an  approximate  idea  of  the  minuteness  of  the  cel- 
lular structure,  and  are  thus  very  instructive. 

Table  JI.— Specific  Gravity.  * 


No. 


251 
290 
329 
380 
387 
401 
403 


Woods. 


White  Oak 

Chestnut 

White  Cedar.. 
Yellow  Pino . . . 

Hemlock 

Tamarack 

Western  Larch 


Minimum. 


0.6006 
0.3829 
0.2990 
0.  5191 
0.3343 
0.5389 
0.5897 


Maximum. 


0.  8670 
0.  4720 
0.  4527 
0. 9325 
0.  5101 
0. 7779 
0.8340 


Average. 


0. 7470 
0.4504 
0.  3.322 
0.6999 
0. 4239 
0. 6236 
0. 7407 


Weight  per 
cnbio  foot. 


46.35 
28.07 
20.70 
43.02 
26.42 
38.86 
4a  16 


Table  III. — Chemical  Analysis. 


No. 

Woods. 

Hydrogen.    Carbon. 

Oxygen. 

Ash. 

Specific 
gravity. 

251 

White  Oak 

0.  59           .10-  44 

42.73 
44.09 
33. 72 
36.30 
40.32 
39.88 
38.15 
41  65 
44.00 

0.24 
0.83 
0.26 
0.15 
0.28 
0.28 
0.24 

0.7635 

290 

5.75 
7.41 

7.20 

48.73 
58.61 

0.  7143 

."180 

0.7414 

380 

0.8469 

380 

0  70           52  70 

0  C'>30 

3H0 

0.85           52.99 
6.83  t        54.78 
6.22  I        49.13 
0.  13            40.81 

0.8988 

380 
380 

Yellow  Pine 

Yellow  Pine,  thick  tmchoids 

0.8984 

380 

387 
401 

Hemlock 

Tamarack 

5.91 
0.03 

52.38 
51.91 

41. 23 
41.79 

0.48 
0.24 

0.4097 
0. 7024 

For  the  analysis  of  the  thin-  and  thick- walled  tracheids  the  wood  was 
well  air-seasoned ;  they  were  then  separated,  each  class  weighed,  and  dried 
at  100°  C.  The  loss  of  water  and  volatile  hydrocarbons  for  the  thick- 
walled  tracheids  was  10.48  per  cent.,  and  for  the  thin- walled,  11.38  i)ercent. 
Both  were  next  treated  with  ether  to  extract  the  resinous  matter,  the 
thick-walled  cells  yielding  19.59  per  cent.,  and  the  thin  ones,  20.97  per 
cent.  The  tracheids" were  then  burned  in  o.xygeu,  giving  the  respective 
results  as  previously  stated.  Contrary  to  what  was  lioped,  the  percent- 
ages do  not  explain  or  throw  much  light  on  the  difference  in  jdiysical 
properties  of  the  two  classes  of  tracheids. 

Table  IV. — Longitadinal  crushing  Strength  in  Relation  to  Specific  Gravity. 


No. 

Woods. 

Average 
of  speci- 
mens. 

Crushing 

strength 

per  square 

Specific 
gravity. 

Batio. 

t, 

White  Oak 

8 
4 

3 
5 
6 

4 
5 

7,458 
5,804 
3,697 
9,081 
5,  549 
8,297 
9,991 

0. 7510 
0. 4439 
0.3429 
0.7228 
0. 4246 
0.6197 
0.6420 

9,923 
13,075 
10  781 

Chestnut 

T»1> 

White  Cedar 

380 

Yellow  Pine ...... . 

12  504 

387 

13,088 
13,888 
15,500 

401 

40'> 

Western  Larch........... .................. ........... 

'  From  Tenth  Census  Bcport,  Vol.  IX.,  1880. 
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Tests  upon  tbe  crushing  strength  (tensile  and  transverse)  of  different 
specimens  of  the  same  species  of  wood  show  that  there  is  a  quite  con- 
stant ratio  between  each  and  the  specific  gravity,  thus  agreeiug  with 
what  has  been  stated  as  to  the  presence  or  absence  of  certain  dense 
cells  in  the  microscopical  structure  of  the  layers.  So  that  one  who  is 
skilled,  with  the  aid  of  a  miscroscope,  can  make  a  very  close  estimate  of 
the  comparative  suitability  of  different  pieces  of  wood  for  definite  pur- 
poses. As  a  case  in  point,  a  railroad  company,  doing  a  heavy  freight 
business,  being  able  to  buy  cedar  ties  for  one  third  the  cost  of  oak,  for 
this  reason  put  them  down,  but  only  to  find  that  after  they  had  injured 
one  set  of  rails  these  ties  were  too  soft  for  their  heavy  traflSc.  A  mi. 
croscopical  examination  of  the  timber  would  have  enabled  one  to  predict 
what  the  result  would  be  and  to  save  the  expensive  trial. 

Table  IV.  shows  the  ratios  between  the  longitudinal  crushing  strength 
and  the  specific  gravity  of  the  woods  under  consideration.  The  ratios 
are  obtained  by  dividing  the  crushing  weight  per  square  inch  by  the 
specific  gravity,  which  gives  a  ratio  representing  the  crushing  weight 
of  a  square  inch  having  a  specific  gravity  of  one.  The  average  for 
White  Oak,  as  given  in  the  table,  is  9,923  pounds,  which  for  practical 
purposes  might  be  called  10,000  pounds.  If  we  compare  oak  grown 
south  of  the  fortieth  parallel,  the  result  will  be  10  per  cent,  higher. 

Having  another  piece  of  oak,  the  specific  gravity  of  which  is  0.G578, 
Hud  wishing  to  know  its  approximate  crushing  weight,  we  obtain  it  by 
(uultiplying  its  specific  gravity  by  10,000,  which  gives  6,578  pounds. 
Tbe  same  method  applies  to  other  woods. 

Comparing  one  wood  with  another,  taking  White  Oak  as  unity,  the 
comparative  crushing  strength  of  Chestnut  is  1.3  per  unit  of  specific 
gravity;  White  Cedar,  1.07;  Yellow  Pine,  1.25;  Hemlock,  1.3;  West- 
ern Larch,  1.55 ;  Tamarack,  1.38.  The  crushing  strength  given  in 
the  table  is  for  blocks  eight  diameters  in  length.  For  larger  ones  the 
strength  would  be  less.  In  using  them  a  factor  of  safety  must  be 
adoi)ted  most  suitable  for  the  work.  The  table  gives  data  which,  to  a 
great  extent,  can  be  used  to  determine  the  proper  size  of  columns  of  one 
wood  to  be  substituted  for  another,  by  giving  the  proper  dimensions  and 
retaining  approximately  the  same  factor  of  safety,  a  matter  which  has 
been  neglected  in  too  many  cases. 

Table  V, — Besistance  to  Indentation.* 
[Prossare  in  pounds  per  sqnare  inch  for  indentations  of  one  twenty-fifth  of  inch.) 


No. 

Woods. 

Pressure. 

251 

WhiteOak    

2,974 

290 

1,446 

329 

878 

380 

2,  037 

387 

Hem  lock 

1,359 

401 

Tamarack 

1,  265 

402 

Western  Larch    ..... 

2,271 

'From  the  Tenth  Oonsua  Report,  Vol.  IX.,  188Q, 
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These  tests  were  made  upon  small  pieces  of  wood,  about  1^  inclies  iu 
width.  It  is  difficult  to  combine  them  so  as  to  represent  the  proper  re- 
lations of  the  layers  of  wood  in  a  tie.  These  tests  were  also  made  upon 
dry  wood.  Made  upon  actual  ties,  containing  the  same  percentage  of 
moisture  as  those  in  the  ballast,  the  results  would  bo  modified ;  Chestnut 
would  not  show  so  high,  and  Cedar  would  be  reduced  but  little;  Hem- 
lock would  be  lower,  as  also  the  Yellow  Pine;  and  after  three  years' 
decay  the  results  would  be  still  further  modified.  The  Hemlock  would 
show  marked  depreciation,  also  the  Yellow  Pine;  the  Cedar  would  be 
quite  uniform,  while  the  Oak  and  Chestnut  would  show  some  reduction. 

Experience  shows  that,  with  the  exception  of  White  Cedar,  if  the 
fibers  can  be  protected  from  becoming  softened,  they  are  sufficiently 
hard  to  sustain  from  twice  to  three  times  as  much  traffic  as  they  do  when 
untreated. 

Length  and  size  of  ties. — For  a  4-foot  8|-inch  guage  the  majority  of 
railroads  use  a  tie  8  feet  long ;  some  8^  feet  long,  and  a  few  9  feet. 

Specifications  call  for  a  C-,  7-,  and  8-inch  face  for  the  flatted  ties;  and 
some  roads  call  for  joint-ties  with  a  10-inch  face.  In  depth  the  dimen- 
sions vary  from  6  to  7  inches.  The  Chestnut  ties  now  being  bought  are 
required  to  be  7  inches  deep.  A  few  roads  use  Cedar  ties  only  6  inches 
deep,  but  most  of  the  recent  ones  are  7  inches.  With  Chestnut  and 
Cedar  ties  this  is  perhaps  advisable,  but  with  other  woods,  owing  to  the 
manner  of  decay,  it  is  doubtful  whether  anything  is  gained. 

Most  of  the  Y^ellow  Pine  ties  which  reach  the  North  are  rectangular 
and  uniform  in  size.  The  New  York  Central  and  Hudson  River  Rail- 
road Company  use  a  tie  9  J  by  G.J  inches  and  8  feet  long ;  sixteen  of  these 
are  put  under  a  30-foot  rail,  making  the  space  between  each  one  narrow 
for  tamping  such  deep  ties,  and  requiring  more  time  and  care  to  do  the 
work.    But  of  course  the  track  remains  very  firm  after  it  is  put  up. 

RECAPITULATION. 

Destruction  of  ties. — Railroad  ties  in  service  are  injured,  destroyed, 
and  rendered  unserviceable  by  three  principal  causes  : 

(1)  Mechanical  disintegration  of  the  layers,  and  the  abrasion  of  the 
fibers  under  the  rails. 

(2)  Injury  to  the  wood  by  spiking  and  respiking. 

(3)  General  decay  of  the  wood,  induced  by  fungi. 

In  regard  to  the  first  cause,  extensive  examinations  show  that  there 
is  more  or  less  up-and-down  movement  of  the  rails  under  all  passing 
trains.  This  is  true  to  some  extent  of  tracks  laid  with  even  the  heaviest 
and  stiffest  rails  that  are  used  at  the  present  time,  but  the  undulation 
of  such  tracks  is  greatly  reduced. 
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Figaro  1  is  intended  to  represent  tbe  general  appearance  of  the  un- 
dulations in  the  surface  of  the  rails  as  they  take  i)lace  under  the  wheels 
of  passing  trains.     The  lighter  the  rail  and  lower  the  standard  of  track 
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maiutained,  the  greater  these  undulations  become.  After  they  have 
taken  place,  and  have  been  allowed  to  continue,  the  rails  soon  acquire 
a  permanent  set,  and  are  foun]^  to  be  like  those  represented  in  No.  2. 
If  the  labor  is  inadequate  to  maintain  the  track  under  the  service,  the 
rails  soon  take  the  form  shown  in  No.  3,  which  will  be  recognized  as 
being  a  common  type  of  a  permanent  set  in  rails,  though  rapidly  disap- 
pearing in  the  best  maintained  tracks. 

In  both  the  latter  forms  the  rails  will  be  found  loose  on  the  ties  under 
the  spikes,  and  are  pressed  down  by  every  pair  of  wheels  that  passes 
them.  The  ties  not  only  have  to  sustain  the  load  upon  the  wheels,  but 
also  to  receive  the  dynamic  shock  of  the  falling  rail  and  load  ;  and,  as 
a  consequence,  there  is  a  very  rapid  abrasion  of  the  ties  and  a  chafing- 
out  of  the  throat  of  the  spikes.  The  softer  the  wood  the  faster  will  be 
the  cutting. 

The  inspection  of  thousan(ie  of  miles  of  railroad  track  each  year  has 
given  me  excellent  opportunities  of  studying  this  phase  of  tie-destruc- 
tion.^ The  sections  of  many  of  the  steel  rails  which  are  in  the  tracks 
are  too  light  for  the  present  traffic,  and  must  soon  be  worn  out,  and  the 
ties  are  cut  down  with  great  rapidity.  The  section  of  our  rails  are  being 
made  heavier,  but  not  as  much  with  reference  to  stifl'uess  as  is  desirable. 
So  far  as  I  know,  the  stiffest  section  in  proportion  to  the  weight  of  any 
rail  yet  used,  is  the  80-pound  section,  designed  and  now  used  by  the 
New  York  Central  and  Hudson  River  Railroad  Company,  and  under 
heavy  traffic  it  shows  a  decided  advantage  over  the  lighter  and  weaker 
sections. 

It  will  be  unnecessary  to  remark  upon  the  other  two  statements,  as 
they  Lave  already  been  sufficiently  considered. 

ADHESION  OF  SPIKES    IN  TIES  OF  VARIOUS  WOODS. 

In  the  following  experiments  the  White  Oak  and  Chestnut  ties  used 
were  taken  from  the  Boston  and  Albany  Railroad  track,  near  AUston, 
Mass.  The  Cedar  tie  was  green,  having  been  cut  in  the  spring,  and  the 
tests  were  made  on  it  in  August.  It  had  not  been  in  service,  nor  had 
the  Yellow  Pine  or  Hemlock.  The  Oak  tie  and  one  of  the  Chestnut  ties 
had  been  in  the  track  only  two  years  and  three  months,  and  they  were 
of  good  sound  second-growth  timber.  The  other  Chestnut  tie  had  been 
in  service  four  years  and  three  months.  The  results  obtained  from  these 
experiments  are  of  far  more  practical  value  than  if  from  new  ties. 

Maj.  F.  H.  Parker,  commanding  officer  of  the  Watertowu  Arsenal, 
kindly  allowed  the  testing-machine  to  be  used  to  make  the  tests,  which 
were  conducted  by  Mr.  James  Howard,  C.  E.,  in  charge  of  the  machine, 
a  fact  of  itself  guaranteeing  the  care  used  in  making  the  experiments. 
The  Boston  and  Albany  Railroad  Company  sent  Mr.  John  Twigg,  an 
experienced  spiker,  to  drive  the  spikes  in  the  ties,  the  conditions  of 
every-day  practice  being  maintained  as  nearly  as  possible.  When  the 
tics  werQ  taken  out  of  the  track  a  spike  was  left  in  each  end,  as  origin- 
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ally  driven,  and  great  care  was  taken  not  to  disturb  them  in  removing 
the  ties  from  the  track.  This  gave  an  opportunity  of  seeing  whether 
the  adhesion  increased  or  decreased  by  age  of  service. 

After  the  spikes  were  drawn  the  ties  were  cut  into  blocks  and  split, 
exposing  the  spike  so  as  to  show  the  injury  to  the  wood-fibers,  which  is 
very  marked  in  all  cases.  A  blunt  or  poorly  pointed  spike  driven  into 
the  White  Cedar  broke  the  wood  down  in  masses,  so  as  to  reduce  the 
adhesion  of  the  spike  from  40  to  50  per  cent,  from  that  obtained  with  a 
sharp-pointed  spike ;  the  latter  did  not  break  down  but  cut  through  the 
fibers.  In  most  woods  driving  the  spike  checks  the  fibers  for  some  dis- 
tance on  either  side  of  the  spike.  In  oak  the  adhesion  was  increased 
40  to  50  per  cent,  by  boring  a  ^-inch  hole  for  a  y»^-inch  square  spike. 
The  experiments  show  conclusively  that  the  same  kind  of  spike  is  not 
the  most  suitable  for  all  woods. 


Table  VI. — Adhesion  of  Spikes  in  Ties. 
[Chestnut  tie  in  service  two  years  and  three  months  under  72-pound  rail  4J  inches  high. J 
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Remarks. 

1 

5.50 
£.50 

5.25 
5.50 
5.50 
5.50 

4.50 
4.80 

4.40 
4.60 
5.00 
4.60 

1,'496 
3,166 

3,118 
3,572 
2,886 
1,700 

1,185 
2,716 

2,200 
2,305 
2,960 
1,924 

954 
2,305 

2,000 
2,036 
2,548 
1,550 

630 
1,814 

1  720 

1 

Spike  drawn  in  track  and 
redriven  in  same  hole. 

Spike  as  driven  by  railroad 
company  when  tie  was 
put  iu  track. 

0 

1,072 



3 

4 

1,560 
1,100 
1,140 

Eailroad     spike,    g  o  o  il 
point,  driven  into  solid 
wood. 

5 

and  Hudson  River  Rail- 
road spike  driven  into 
solid  wood. 

Spike  as  driven  by  railroad 
company,  corroded  and 
bent ;  broke  out  piece  of 
wood  in  drawing. 

Old  spike  redriven  in  old 
hole. 

fi 

[Chestnut  tie  in  service  four  years  and  three  months ;  cut  nnder  rail.] 


5.50 


5.50 


5w70 
5.30 


4.40 


2,794 


4. 40  2,  265 


4.80 
4.60 


3,200 
2,280 


1,700 
1,706 

2,548 
1,030 


I  in. 
1,430 


1,240 

2,390 
1,020 


1,280 


950 


2,150 
880 


Spike  as  driven  by  railroad 
company :  wood  under 
rail  brittle  and  soft  four 
to  live  layers  down. 

Spiko  driven  into  wood  nn- 
der rail  two  hours  before 
tost;  fermentation  com- 
menced under  fourth 
liiyer  of  wood. 

Spike  driven  into  sound 
wood. 

Spiko  as  driven  l)y  railroad 
company ;  corroded,  scales 
separate,  and  remain  in 
wood. 
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Table  VI. — JdJieaion  of  Spikes  in  Ties — Contiimetl. 


I  Yellow  Pine,  4  by  8  inches  ; 

cut  in 

winter  of  1886.1 
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Kemaiks. 

11 

5.50 

S.50 

5.00 
5.50 

5.50 

5.50 

i-inch 
Lag-screw 

i.80 

4.80 

4.40 
4.65 

4.70 

4.70 

3  in.  of 
screw 

3,290 

3,195 

3,110 
2,650 

3,010 

3,250 

2,850 

1,390 

1,650 

1,750 
1,200 

1,500 

2,400 

3,510 

1,210 

1,250 

1,460 
1,050 

1,550 

1,900 

2,590 

1 

1  014       740 

New  York  Central'and  Hnd- 

1? 

840 

1,280 
995 

1,300 

1,400 

940 

M>n  Eiver  Kailroad  spike 
driven    tangentially    to 
layers ;  after  yielding  fell 
to  1,500. 

n 

son  River  Railroad  spike; 
pull  flacinated  between 
J,300!md2,200,  until  spike 
was  drawn  to  J  of  an  inch. 

Boston  and  Albany  spike. 

4-inch  hole  bored  full  length 
of  spiko. 

14 

890 

980 

1,020 

820 

1^ 

760 
880 

in 

length  of  spike. 

l-iuch  h  ole  bored  full  length 
of  spike. 

Lag-screw  driven  in  same 
block  with  spike  ham- 
mer. 

M 

i-in.. 
2,960 

[Yellow  Pine,  4  by  8  inches,  seasoned  nine  years.] 


5.50 
5.70 

4.50   3,340 
5.00    3,640 

2,24oI  2,040;  1,860!  1,480 
2,595   2,600;  2,560   1,980 

920 
1,500 

5.00 
*)  40 

4.80   3,445 
3.00   1,870 

2,110   2,080   1,790   1,380 
1,320   1,0.'>0|      560 

940 

920, 
235 


At  3  inches,  310;    sadden 

drop  to  2,700. 
At  34  inches,  180. 


[White  Cedar] 


5.50 
5.50 

5.50 

5.60 

(Lag-screw) 

;  Lag-screw) 

4.90 
4.70 

4.70 

6.00 

3.40 
2.80 

3.40 
2.80 

2.305 
1,460 

1,755 

1,320 

2,200 

A-in- 
26.10 
2,825 

2,190 
1.170 

1,360 

1,150 

2,0f0 

1,950 

2,010 
1,080 

1,250 

1,010 

840 

1,150 

1,640 
830 

1,050 

680 

480 

580 

1,240 

760 

390 

840 
620 
380 

680 
530 
290 

420 

Sharp-irainted  spike. 
4-incli  hole  borea  full  length 

of  spiko. 
g-iuch  hole  bored  full  length 

of  spike. 
Blunt- pointed  spiko  had 

broken  the  wood. 
J-inch  bole  bored. 


Spike  was  drawn  ^  of  inch 
at  2,700;  g-inch  hole 
bored. 


[V\'^hite  Oak,  fine  quality,  in  service  two  years  and  three  months.] 


5.50 
5.50 


5.60 
5.70 


5.70 
6.00 


4.70 
4.60 

4.70 
4.90 

4.80 

5.30 

5.00 


4, 490   3, 490   2,  910   2, 150 

I  I  I 

3,360   2,700   2,220   1,280 


330   3,260 
59j|  5,695 


3,370   2,380 

I 
3,965j  3,180 

I  i-in., 
5, 070,  4, 800 


3,0t0  2,880 
5, 480   4, 800 

2.140 

2,900\l50 


1, 620 

I 
670 


2,250, 
4,250 


1,220 


1,830 
3,300 


4,580 


3,900 


3,390 


2,480 


710 


1,420 
2,400 


1,820 


920 

1,120 


830 


Spiko  as  driven  by  railroad 
company. 

.Old  spike  rcdriveu  in  old 
hole  thirtj'  hours  before 
test 

New  spike  in  solid  wootl. 

i-inch  hole  bored  full  length 
of  spike. 

Old  spike  rcdriven  thirty- 
one  hours  before  test. 

Spike  as  driven  by  railroad 
com  pan  3'. 

Suddenly  drew  to  i-ineh  at 
first  load;  experiment  ror 
poatcd  to  connrm  experi- 
ment 30. 


GO 


Table  VI. — Adhe»wn  of  Spikes  in  Tjcs— Continued. 
IDry  Hemlock  tie,  cat  in  winter  of  1886 ;  spikes  di-ivon  sovonty-fivo  days  previons  to  tests.] 
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Tensic    in  pounds  on  spike. 
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■< 

.a 
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<1 

B 

HOI 

1 

CO 

Bemarka. 

35 
36 

5.50 
5.50 
5.00 
5.50 

i-in. 
Lag-screw 

I-in. 
Lag-screw 

4.90 
4.75 
4.25 
4.55 

3.20 

3.25 

3,110 
3,390 
3,690 
3,280 

3,580 

4,290 

2,000 
2,060 
1,800 
1,850 

2,580 

3,000 

2,100 
1,900 
1,650 
1,600 

1,900 

1,280 

1,800 
1,700 
1,080 
1,050 

910 

900 

1,750 

1,280 

820 

880 

520 

510 

1,300 
1,060 

420 
810 

280 

380 

2i  in. 
950 

880 

3  in. 
540 

420 

Spike  driven  in  f-incb  hole ; 

yields  suddenly  and  stops. 
Spiko  driven  in  j-inch  hole ; 

yields  suddenly  and  stops. 
Spiko    driven    into    solid 

wood. 
Spiko    driven    into    solid 

wood  ;  yields  suddenly  at 

start. 
J-iuch  hole  bored ;  size  of 

screw,  4-inch;    fibers  of 

wood  are  sheared  oft'. 
5 -inch  bole  bored ;  size  of 

screw,  1-inch;   iibers  of 

wood  are  sheared  oflf. 

1R 

19 

40 

The  table  giving  the  adhesion  of  spikes  shows  some  important 
features,  a  part  of  which  will  be  new  to  the  general  railway  public. 

In  Chestnut  of  second-growth  the  tension  necessary  to  start  an  ordi. 
nary  ^^^-inch  square  spike,  5J  inches  long,  and  driven  home  upon  a  rail, 
ranges  from  3,000  to  3,G00  pounds.  After  being  drawn  one-half  an  inch, 
the  adhesion  is  diminished  to  only  about  two-thirds  of  these  amounts,  and 
at  1  inch  is  reduced  to  about  one-half.  This  is  of  great  importance  when 
blocking  up  the  track  in  winter,  as  a  spike  slightly  redrawn  will  still 
hold. 

A  spike  redriven  in  an  old  hole  holds  about  50  per  cent,  of  the  amount 
that  it  will  when  first  driven,  unless  the  ties  have  been  in  service  over 
three  years.  In  the  test  of  the  second  Chestnut  tie  it  will  be  noticed 
that  the  adhesion  of  the  spike  has  decreased  with  the  length  of  the 
service. 

Experiment  No.  8  shows  that  the  adhesion  of  a  spike  driven  into 
wood  under  the  rails,  after  fermentation  had  taken  i^lace,  is  much  de- 
creased, as  might  be  expected.* 

In  Yellow  Pine  the  resinous  matter  forced  out  of  the  fibers  by  the  com- 
pression produced  in  driving  the  spike  lubricates  the  latter  so  that  the 
adhesion  is  not  as  great  as  it  should  be  according  to  the  specific  gravity 
of  the  wood;  and  after  the  spike  is  started  the  adhesion  decreases  rap- 
idly. This  feature  has  been  noticed  when  the  rails  are  raised  up  on 
thick  shims,  the  spikes  holding  but  little  in  the  ties,  and  being  easily 
displaced. 

The  fibers  of  the  wood  are  broken  and  bent  down,  so  that  they  do  not 
close  ui)  tightly  to  the  body  of  the  spike,  as  in  Chestnut  and  Oak  ties. 

*  Seo  Figs.  1  and  2,  i^.  Gl. 
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Experiments  14,  15,  and  IG  show  tho  results  of  boring  holes  for  the 
spikes.  The  ^-inch  hole  seemed  too  large;  the  -/j-iucli  hole  showed  an 
improvement;  while  tho  finch  one  gave  the  best  results. 

Experiments  17  to  19,  inclusive,  are  instructive,  and  correspond  to 
spikes  driven  into  dry  bridge  ties;  showing  also  the  increased  adhesion 
gained  by  driving  spikes  tangentially  to  the  layers  of  wood ;  of  course, 
ties  ballasted  would  not  be  as  dry  as  this  timber. 


S^^lt 


Fig.  1.  Cro.ss-section  of  a  tie  slowing  the  effect  of  spiking. 


Fig.  2.  Longitudinal  section  of  a  portion  of  a  tie  showing  the  effect  of  driving  a  spike. 

White  Cedar  gives  the  most  irregular  results.  No.  22  is  good,  and 
probably  above  the  average  results ;  Ko.  26  was  in  the  same  tie,  but  the 
spike  was  blunt  and  tore  the  wood,  leaving  but  little  ia  front  and  back 
of  the  spike;  such  results  are  common  in  practice.  Kos.  23  and  24  show 
the  improvement  over  No.  26  gained  by  boring  holes;  the  adhesion  was 
increased  as  the  spike  was  drawn  out  at  dififerent  lengths. 

The  White  Oak  tie  holds  a  spike  firmly,  not  giving  up  its  hold  rapidly 
as  it  is  drawn  out.  Boring  holes  increases  the  adhesion*  and  materiallj 
lessens  the  checking  of  the  layers  and  injury  to  the  wood-fibers. 


•  See  experiments  No.  30  and  33,  j).  59, 
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III  tlie  tests  of  the  Hemlock  tie  the  spikes  were  driven  taiigeutially 
to  the  layers  of  wood,  and  at  the  start  the  adhesion  ranged  from  3,280 
to  3,090  ponnds,  but  when  drawn  one-fourth  of  an  inch  decreased  nearly 
one-half.  The  fibers  were  too  much  injured  to  cover  and  press  the  spike 
firmly.  Boring  holes  increased  the  resistance,  as  shown  when  the  spike 
was  drawn  out  to  various  lengths,  the  fibers  not  being  injured  so  much. 


NOTE  ON  ADHESION  OF  SPIKES. 
By  B.  E.  Fernow. 

More  extensive  experiments  on  the  adhesion  of  spikes  were  recently 
published  in  the  "Organ  fUr  das  gesammte  Eiseubahnwesen."  The 
writer  comes  to  the  conclusion  that  by  boring  holes  for  the  spikes  not 
only  is  there  effected  a  saving  of  probably  50  i)er  cent,  in  spikes,  but  also 
a  large  saving  in  ties,  especially  in  oak  ties,  in  which,  by  driving  the 
spikes,  the  tendency  to  check  is  aggravated  more  than  in  pine.  As  set 
forth  in  the  above  report,  spiking  breaks  down  the  fibers  around  the 
spikes,  thus  inducing  earlier  decay  and  at  the  very  places  where  most 
resistance  is  required ;  and  frequent  resi)iking  wears  out  the  tie  me- 
chanically sooner  than  in  any  other  way ;  the  bending,  too,  of  the 
spikes  when  driven,  increases  these  evils.  Unless  such  mechanical  wear 
is  counteracted,  it  becomes  doubtful  whether  impregnating  ties  can  be 
considered  the  right  economy. 

In  these  experiments  170  ties,  laid  down  as  they  came,  were  bored 
on  one  rail-side,  and  not  on  the  other ;  the  driving  of  spikes  was  then 
done  as  in  practice.  After  having  started  the  spike  (with  a  regular 
spike-puller)  to  1  inch,  a  grapple  connected  with  a  balance  was  attached 
to  the  rail  and  weights  added  to  the  balance  until  the  rails  suddenly  gave 
way;  the  grapple  drawing  perpendicularly,  and  all  other  forces  being 
ingeniously  counterbalanced,  the  adhesion  alone  was  determined. 

Boring-bits  of  different  sizes  were  used,  and  the  holes  were  made  4 
and  5  inches  deep.    The  conclusions  arrived  at  are  recorded  as  follows; 

(1)  Adhesion  differs  greatly  in  ties  of  the  same  kind,  as  well  as  in  the 
same  tie, 

(2)  Even  the  four  spikes  in  each  tie  show  considerable  difference  of 
adhesion. 

(3)  Adhesion  is  sometimes  greater  with  the  inner,  sometimes  with 
the  oilter  spikes;  sometimes  when  holes  are  bored,  sometimes  when 
not ;  sometimes  in  holes  of  a  larger,  sometimes  in  those  of  a  smaller 
diameter. 

From  all  of  which  it  appears  that  generalization  on  a  small  number 
of  experiments  can  be  done  only  with  caution.  Not  only  the  boring, 
but  also  the  quality  and  kind  of  tie,  the  seasoning,  the  temperature  and 
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weather  in  general,  the  phices  into  which  the  spikes  are  driven,  whether 
driven  more  into  the  heart-wood  or  into  the  sap-wood  ;  the  closeness, 
too,  of  the  contact  with  the  foot  of  the  rail  requires  consideration  in 
determining  the  adhesion  of  the  spike  for  practical  x)urposes.  Yet,  from 
the  average  results  represented  in  the  seven  tables,  the  following  im- 
portant conclusions  can  be  drawn : 

A.  For  Oak. 

(1)  In  ties  with  good,  tough,  dense  fibers  the  adhesion  was  found  to  be 
greater  when  holes  of  -^^  or  even  ^  an  inch  were  bored  than  when  this 
was  not  done. 

(2)  In  quickly-grown  oak  ties  the  reverse  was  the  case,  but  the  dif- 
ference was  insignificant  (—07.2) ;  and  as  such  ties  split  and  check  more 
easily,  boring  of  these  also  must  be  considered  advantageous. 

(3)  The  friction  due  to  presence  of  water  in  the  tie  (influence  of  the 
weather)  exerts  greater  resistance  to  displacement  than  the  friction  of 
the  spikes  against  the  rails. 

(4)  In  a  I -inch  hole  the  average  adhesion  was  slightlyless  than  when 
the  ties  were  not  bored  ( — 24). 

(5)  Only  in  holes  of  small  diameter  was  the  average  adhesion  less 
than  when  not  bored,  while  with  an  increase  of  the  diameter  of  the 
hole  the  adhesion  increased  (—136  :  +113.8  :  +144). 

(6)  The  most  favorable  results  were  given  by  a  y'^-inch  hole  (1 :  35.4). 
The  largest-sized  hole  gave  not  much  less  favorable  results  (1 :31.8). 

(7)  If  the  common  four-cornered  wedge-pointed  spike  is  to  be  used 
in  unimpregnated  oak  ties,  it  is  best  to  use  a  boring-bit  of  the  same 
size  as  the  spike. 

(8)  The  results  of  experiments  with  200  spikes  on  50  ties  would 
allow  the  conclusion  that  new  oak  ties,  unimpregnated,  and  with 
square,  wedge-pointed  spikes,  show  the  same  average  adhesion  whether 
bored  or  not;  though  the  boring  is  recommended,  nevertheless,  for 
other  advantages. 

These  results  would  probably  have  a  like  bearing  for  impregnated 
ties. 

B.  For  Pine. 

(Probably  for  other  coniferous  woods  and  Chestnut.) 

(1)  By  using  a  boring-bit  from  y\  inch  in  size  upward,  the  adhesion 
was  increased ;  the  best  results  were  given  by  a  f -inch  hole  (1 :  13.5) ; 
and  a  j'g-inch  hole  was  not  much  less  favorable  (1 :  10.5). 

(2)  When  the  hole  was  increased  to  5  inches  in  depth  there  was  a 
decrease  of  adhesion,  though  only  insignificant. 

(3)  In  pine  ties  the  place  where  the  spike  is  driven  is  of  greater  im- 
portance than  in  hard-wood  ties,  the  adhesion  diminishing  according 
as  the  spike  has  more  hold  in  the  sap-wood  than  in  the  heart-wood. 
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(4)  Experiments  with  400  spikes  on  90  ties  allow  tbe  conclusion  that 
boring  increases  the  adhesion,  especially  when  the  bit  used  is  of  the 
same  size  as  the  spike. 

The  following  is  a  r<58ura6  of  the  tables,  giving  the  results  of  experi- 
ments : 

Tablk  I. — Hungarian  Oak;  dry  when  the  spikes  tcerc  drawn. 

Bore,  -,\'  inch  diameter ;  ponnds  to  draw  spike 3,  G24. 0 

No  hole  bored;  pounds  to  draw  spike 3,091.2 

Average 3, 657. 6 

Difference,  — ()G.8;  diff. :  aver. ::  1 :  54.4. 

Table  II. — Same  Oak  ;  wet  when  spikes  were  draum. 

Bore,  I  inch  diameter ;  pounds  to  draw  spike 4, 399. 2 

No  hole  hored ;  pounds  to  draw  spike 4, 423. 2 

Average .- 4,411.2 

Difference,  -24.0  ;  diff. :  aver. ::  1 :  183.8. 

Table  III. — Silesian  Oak;  wet  when  spikes  xcere  drawn. 

Bore,  f  inch  diameter ;  pounds  to  draw  spike 4, 104. 0 

No  hole  bored ;  i^ounds  to  draw  spike 4, 240, 8 

Average 4, 172. 4 

Difference,  -136.8 ;  diff. :  aver. ::  1 :  30.5. 

Bore,  T^b' inch  diameter;  pounds  to  draw  spike 4,044.0 

No  hole  bored;  pounds  to  draw  spike 3,931.2 

Average 3,987.6 

Difference,  +112.8 ;  diff. :  aver. ::  1 :  35.4. 

Bore,  i  inch  diameter ;  pounds  to  draw  spike  4, 648. 8 

No  hole  bored ;  pounds  to  draw  spike 4, 504. 8 

Average , 4,576.8 

Difference,  +144  ;  diff". :  aver. ::  1 :  31.8. 

Table  IV. — Pine;  impregnated;  dry. 

Bore,  i^g  inch  diameter ;  i>ound8  to  draw  spike 1, 876. 8 

No  hole  bored ;  pounds  to  draw  spike 2, 197.2 

Average 2,028.0 

Difference,  —302.4  ;  diff. :  aver. ::  1 : 6.7. 

Bore,  I  inch  diameter ;  pounds  to  draw  spike 1, 843. 2 

No  hole  bored;  pounds  to  draw  spike 1,711.2 

Average 1,777.2 

Difference,  +111 ;  diff. :  aver. ::  1 :  13. 5. 

Bore,  T^  inch  diameter ;  pounds  to  draw  spike 2,054.4 

No  hole  bored;  pounds  to  draw  spike 1,867.2 

Average 1,960.8 

Difference,  +187.2 ;  diff. :  aver. ::  1 :  10.5. 

Table  V. — Pine;  not  impregnated ;  dry. 

Bore,  T^ff  inch  diameter;  pounds  to  draw  spike 1,696.8 

No  hole  bored;  pounds  to  draw  spike 1,572.0 

Average 1,6.34.4 

Difference,  +124. 8 ;  diff". :  aver. ::  1 :  13.7. 
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Roro,  I  inch  diamoter ;  ponnds  to  draw  spike 1 ,  r>45,  G 

No  hoUi  bored;  pounds  to  draw  spike 1,615.2 

Average l,5t)0. 4 

Difforenco,  —09.(5 ;  diff. :  aver. ::  1 :  22.7. 

Bore,  i\.  iucb  diameter ;  ponnds  to  draw  spike 1, 593. 6 

No  hole  bored  ;  pounds  to  draw  spike 1,646.4 

Average 1,620.0 

Difference,  —52.8;  diff. :  aver.  ::  1 :  30.7. 

Bore,  T^o'  i°cli  diameter  (without  rail);  pounds  to  draw  spike 1,737.6 

No  hole  bored  (without  rail) ;  pounds  to  draw  spike 1,802.4 

Average 1, 770. 0 

Difference, —64.8;  diff.:  aver.::  1:  27.4. 

(Table  YJ.— Beech.)* 

Tablk  VII. — Pine;  impregnated;  wet;  depthof  hole  bored,  finches. 

Bore,  f  inch  diameter;  ponnds  to  draw  spike 1,715.7 

No  hole  bored  ;  pounds  to  draw  spike 2,028.6 

Average 1,872.2 

'  Difference,    -312.9;  diff.:  aver.  ::  1  :  5.98. 

(Not  bored  and  without  rail ;  pounds  to  draw  spike 1,772.4) 

Bore  i\'  inch  diameter  ;  ponnds  to  draw  spike 1, 673. 7 

No  hole  l>ored  ;  pounds  to  draw  spike 1,911.0 

Average 1,792.4 

Difference,  -237.3 ;  diff.  :  aver.  ::  1 :  70. 

(Not  bored  and  without  rails ;  pounds  to  draw  spike 1, 629. 6) 

Bore,  i  inch  diameter;  pounds  to  draw  spike 1,785.0 

No  hole  bored ;  ponnds  to  draw  spike 1,824. 9 

Average 1,805.0 

Difference, —39.9;  diff.:  aver.::  1:  45.2. 
(Not  bored  and  without  rail;  pounds  to  draw  spike 2,053.8) 

*The  results  obtained  from  experiments  with  beech  ties  were  unsatisfactory  and 
not  of  sufficient  value  to  bo  introduced. 
21753— Bull.  So.  1 ^5 


Appendix  2. 

WOOD  PRESERVATION. 


By  Henry  Flad,  0.  E.,  Saint  Louis,  Mo. 


Wood  is  made  up  of  small  fibers,  the  various  forms  of  which  consti- 
tute its  cell-structure.    Air  occupies  the  cells  not  filled  with  sap. 

The  woody  fiber  in  all  kinds  of  wood  is  composed  of  the  same  ele- 
ments, aud  in  nearly  the  same  proportions.  It  consists  of  52.4  parts  of 
carbon,  5.7  parts  of  hydrogen,  and  41.9  parts  of  oxygen. 

Differences  in  the  strength  of  timber  are  due  to  differences  in  struct- 
ure, or  in  the  form  and  disposition  of  the  fibers.  The  specific  gravity 
of  the  fiber  is  about  1.5. 

The  sap  consists  mainly  of  water,  and  of  the  so-called  extractive  sub, 
stances,  such  as  vegetable  glue,  gum,  gallic  acid,  coloring  matter,  sugar, 
albumen,  etc.  Besides  these  substances,  which  are  found  in  greater  or 
smaller  quantities  in  almost  every  kind  of  sap,  that  of  some  kinds  of 
wood  contains  special  ingredients;  oak  contains  tannin,  the  coniferous 
woods  contain  resin,  essential  oils,  etc. 

The  quantity  of  sap  contained  in  wood  varies  considerably  in  differ- 
ent kinds  and  at  different  seasons  of  the  year.  Freshly  cut  wood  con- 
tains from  18  per  cent,  of  sap  (in  Hornbeam)  to  52  per  cent,  (in  Black 
Poplar).  The  variation  of  sap  at  different  seasons  is  illustrated  by  the 
observation  that  ash,  cut  in  January,  was  found  to  contain  29  per  cent, 
of  sap,  and  39  per  cent,  when  cut  in  April. 

When  wood  is  thoroughly  air  dried  it  still  contains  from  IG  to  20  per 
cent,  of  water,  and  when  air-dried  wood  is  exposed  for  a  time  to  a  tem- 


*  In  this  paper  uotea  sigued  with  tho  initials  H.  C.  are  to  be  credited  to  Mr,  Howard 
Constable,  C.  E.,  of  New  York  city,  who  had  kindly  prepared  a  separate  paper  on 
the  same  subject,  but  to  avoid  unnecessary  repetitions,  his  paper  has  been  divided 
and  used  as  foot-notes  along  with  this  Report. 
66 
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peraturc  of  277°  F.,  the  (luantity  of  water  is  reduced  to  4  or  ^  of  what 
was  left  in  the  air-dried  wood. 

Note. — The  following  table  exbibita  the  weight  of  1  cubic  foot  each  of  different 
kinds  of  air-dried  wood  and  the  space  in  a  oubic  foot,  or  1,728  cubic  inches,  of  air- 
dried  wood  occupied  respectively  by  liber,  sap,  and  air,  assuming  the  specific  gravity 
of  fiber  at  1.5. 


Weights  of  1  cubic  foot. 

Space  occupied  by  fiber,  sap, 
and  air. 

Pounda. 

Per  cent 
of  water. 

Weight 
of  water. 

Weight, 
offlbei. 

Fiber. 
Cab.  in. 

Sap. 
Cub.  in. 

Air. 
Cub.  in. 

Whit©  Oak 

53.3 
34.4 
26.1 
45.2 
36.2 
39.6 
33.0 
33.4 

16 

17 
17  _ 

^^5 
19 

19.5 
20 

8.5 
5.8 
4.4 
8.4 
6.7 
7.6 
6.4 
6.7 

44.8 
28.0 
21.0 
30.8 
29.5 
32.0 
26.6 
26.7 

830 
530 
400 
681 
546 
592 
493 
494 

161 
161 
125 
233 
186 
211 
177 
186 

662 

1,037 

1,203 

814 

096 

925 

1,058 

1,054 

Yellow  rino 

White  Pine 

White  Beech 

White  Elm 

Yellow  Poplar 

The^  weight  of  water  per  cubic  foot,  as  given  in  the  third  column  of  the  above  table, 
and  the  weight  of  fiber  per  cubic  foot  of  lumber  in  the  fourth  column,  were  calculated 
from  the  observed  percentage  of  water  contained  in  the  wood,  as  given  in  the  second 
column. 

In  air-dried  wood  from  one-third  to  nearly  two-thirds  of  the  volume  is  occupied  by 
air,  which  might  be  replaced  with  some  liquid  if  the  air  were  removed,  or  partly 
leolaced  if  the  air  were  compressed.     [Knapp's  "  Technology."] 


DECAY  OF   WOOD. 

The  woody  fiber  by  itself  does  not  seem  liable  to  decay ;  but  the  sap 
Contained  in  it  under  favorable  conditions  undergoes  fermentation,  and 
fungi  attack  and  destroy  the  fiber. 

Fermentation,  however,  cannot  take  i)lace  except  in  the  presence  of 
air,  of  moisture,  and  of  a  temperature  above  the  freezing  point  (32°),  and 
below  150*3  Y.  If , any  one  of  these  conditions  is  lacking,  decay  is  im- 
possible. 

But  if  wood  is  to  be  exposed  to  conditions  favorable  to  decay,  special 
precautions  and  means  can  and  should  be  adopted  to  prolong  its  use- 
fulness. The  sap  being  the  prime  cause  of  decay,  it  is  plain  that  timber 
should  be  cut  at  a  season  when  it  contains  the  least  quantity  of  it  and 
the  least  amount  of  organic  matter,  viz,  during  winter. 

It  is  stated  on  good  authority  that  wood  of  proper  character  and  age, 
cut  during  January  and  then  air-dried,  resisted  decay  for  fifteen  and 
sixteen  years ;  whereas  timber  of  the  same  kind,  cut  at  different  age  and 
season,  lasted  only  four  years.* 

•Note. — On  this  point,  see  note  on  page  37.  Experience  has  shown  that  wood  cut 
in  August,  if  properly  seasoned,  will  last  as  long  as  that  cut  in  winter.  The  manner 
of  after-treatment  will  decide  mostly  for  or  against  the  practice  of  summer  cutting. 
If  no  precautions  are  taken  as  to  proper  seasoning,  the  winter  cutting  is  decidedly 
preferable. — B.  E.  F. 
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It  is  also  evident  that  the  total  or  partial  removal  of  the  sap  from 
wood  will  retard  its  decay.  But  even  if  all  sap  were  removed  decay 
would  naturally  set  in,  if  the  entrance  into  the  cells  of  air  and  water 
containing  spores  is  permitted,  or  if  no  means  are  adopted  to  prevent 
their  growth  when  introduced. 

To  prevent  air  and  water  from  entering  the  wood  its  cells  may  be 
filled  with  some  substance  not  liable  to  decay.  To  prevent  organic  life 
from  springing  up  in  the  wood  cells,  antiseptics  are  introduced  into  them 
in  the  form  of  solutions,  which  act  as  poisons  on  all  kinds  of  spores  and 
bacteria. 

Note. — There  is  no  doubt  whatever  that  wood  can  bo  preserved,  successfally  and 
to  commercial  advantage,  to  a  much  greater  extent  than  is  generally  believed. 

To  experts  in  this  field  little  need  be  said  ;  they  are  aware  of  its  extent,  what  has 
been  accomplished,  and  the  possible  advantages.  They  know  that  the  preservation 
of  wood  has  been  carried  on  in  England  and  in  several  countries  of  Europe  for  a 
great  many  years  on  a  very  extensive  scale  and  with  the  most  satisfactory  results, 
several  processes  being  in  use  whose  eflSciency  has  been  thoroughly  established.  Ex- 
perience in  this  country  has  not  been  satisfactory,  owing  to  a  want  of  appreciation 
of  certain  conditions,  very  different  from  those  found  abroad.  Amoug  these  it  is 
noticeable  that  we  have  usually  green  timber  to  treat  instead  of  seasoned  wood,  aud 
that  in  some  localities  timber  is  yet  too  plentiful,  and  consequently  cheap,  to  admit 
a  preserving  process  being  employed  to  commercial  advantage.  In  some  cases  again 
exiieriments  have  not  been  satisfactory,  owing  to  the  great  distances  to  which  wood 
had  to  bo  transported  for  treatment  and  then  to  be  sent  back. — H.  C. 

METHODS  OF  TREATMENT. 

The  methods  which  are  used,  either  simply  or  in  combination  with 
each  other,  in  the  preservation  of  wood,  are, — 

(1)  Steeping  in  water  or  in  antiseptic  solutions. 

(2)  Forcing  a  current  of  water  or  of  antisei)tic  solution  longitudi- 
nally through  the  ducts  of  the  wood,  either  by  pressure  or  by  suction — 
the  Boucherie  process. 

(3)  Steaming  in  closed  vessels. 

(4)  Removing  air  and  vapors  from  the  cells  by  creating  a  vacuum 
around  the  wood  in  a  closed  vessel,  and  then  injecting  the  antiseptic 
solution  into  the  wood  by  applying  pressure  to  the  solution. 

(1)  Steeping. — When  wood  is  steeped  in  running  water  its  sap  is 
diluted  and  gradually  displaced.  This  is  the  cause  of  the  greater  dura- 
bility of  rafted  lumber  as  compared  with  that  which  has  not  been  sub- 
merged in  water. 

But  the  process  is  necessarily  slow,  and  if  the  water  in  which  the 
wood  is  submerged  contains  sediment,  the  process  is  impeded. 

Steeping  is  also  used  for  impregnating  wood  with  antiseptic  solutions. 
To  allow  such  solutions  to  enter  the  wood  the  latter  should  first  be 
freed  from  water,  either  by  air-drying  or  by  exposing  it  to  heated  air 
in  kilns.  Steeping  requires  much  time  (from  one  to  two  or  three  weeks) 
indcan  never  effect  a  thorough  impregnation  of  the  wood.    Thestructure 
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of  wood  is  such  that,  while  it  offers  but  slight  resistance  to  the  flow  of 
liquids  through  its  longitudinal  ducts,  it  is  very  difficult,  even  under 
great  pressure,  to  force  any  liquid  from  the  surface  to  its  center,  at  right 
angles  to  the  direction  of  the  libers.  But  the  entrance  of  any  preserv- 
ing liquid  through  the  ducts  and  other  cells  is  resisted  by  the  sap  re- 
maining in  the  wood  and  by  the  air  which  fills  the  cells  not  occupied 
by  sap,  so  that  steepin;?,  as  generally  carried  out,  causes  the  antisep- 
tics to  penetrate  but  a  short  distance  from  the  surface  of  the  wood.        i 

It  is  evident,  therefore,  that  wood  which  is  to  be  preserved  by  this 
method  of  impregnation  should  be  fully  framed  to  the  exact  form  in 
which  it  is  to  be  used  before  it  is  treated. 

Steeping  may  sometimes  be  useful  as  a  process  preparatory  to  others. 

(2)  The  Boucherie  Process. — About  45  years  ago  Boucherie,  a  French 
chemist,  conceived  the  idea  of  impregnating  wood  with  a  preserving 
fluid,  by  introducing  it  into  a  living  tree  through  a  groove  cut  around 
its  surface  near  the  ground,  from  which  it  was  to  arise,  together  with  the 
sap,  through  the  cells  of  the  wood. 

But  this  was  soon  found  impracticable,  and  in  1841  Boucherie  pat- 
ented a  process  for  preserving  wood  by  forcing  a  solution  of  sulphate 
of  copper  through  the  cells  of  the  wood  under  hydrostatic  pressure  ap- 
plied at  one  end  of  freshly  cut  and  unbarked  logs,  so  as  to  remove  the 
sap  and  replace  it  by  the  solution  of  copper.  Since  then  impregnation 
with  sulphate  of  copper  has  been  generally  known  as  the  "  Bouche- 
rie process,"  although  this  term  is  more  properly  applied  to  the  method 
of  impregnation  invented  by  him,  which  may  also  be  used  in  connec- 
tion with  other  preservatives  as  well  as  with  copper. 

To  secure  the  ready  percolation  of  the  fluid  through  the  cells  of  the 
wood  it  is  necessary  that  the  sap  of  the  wood  to  which  the  process  is  to 
be  applied  should  possess  the  greatest  possible  degree  of  fluidity.  This 
it  has  during  the  first  months  of  the  year.  Timber  cut  during  the  au- 
tumn may  also  be  used,  although  the  sap  at  that  season  is  more  viscous 
and  less  readily  removed.  During  the  spring  and  summer  the  sap  con- 
tains so  much  gummy  extractive  matter  that  it  is  not  fit  for  treatment 
by  this  process.  The  timber  is  treated  in  the  form  of  round  logs,  with 
the  bark  left  on.  The  treatment  should  be  applied  as  soon  as  possible 
after  the  timber  has  been  cut.  When  exposed  to  the  action  of  the  at- 
mosphere, oven  for  a  short  time,  the  sap  will  solidify  and  greatly  retard 
the  process.  It  is  customary,  therefore,  to  cut  the  logs  of  somewhat 
greater  length  than  that  ultimately  required,  and  to  saw  off  a  few  inches 
from  the  ends.just  before  subjecting  the  logs  to  the  process. 

Logs  which  are  placed  in  clear  water  immediately  after  they  are  cut 
will  remain  for  some  time  in  proper  condition  for  treatment.  If  the  logs 
are  intended  for  railroad  ties  they  may  be  cut  of  suitable  length  to  make 
either  oue  or  two  ties,  and  the  mode  of  introducing  the  solution  varies 
accordingly.    Logs  cut  for  single  length  treatment  are  placed  (with  a 
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slight  inclination)  in  a  row  on  skids,  and  fastened  to  the  latter  by  clamps. 
Along  each  row  of  logs  runs  a  pipe,  connected  with  an  elevated  tank 
which  contains  the  antiseptic  solution.  Around  the  periphery  of  the 
end  of  the  log  nearest  the  pipe  a  greased  rope  is  then  laid  and  pressed 
against  it  by  a  plank  which  is  drawn  tight  against  the  log  by  clamps. 

Thus  a  cylindrical  chamber  is  formed  into  which  the  solution  is  ad- 
mitted by  a  rubber  hose  connecting  the  pipe  with  the  chamber.  The 
admission  of  the  solution  may  be  stopped  by  clamping  the  hose.  When 
the  solution  is  first  admitted  the  air  contained  in  the  chamber  is  allowed 
to  escape  through  a  small  opening  near  the  top  of  the  chamber,  and 
then  the  solution  enters  the  open  ducts  in  the  wood,  pushing  the  sap 
before  it,  and  finally  escapes  at  the  opposite  end,  where  the  mixture  of 
sap  and  solution  drips  into  a  trough  placed  along  and  nnder  the  ends 
of  the  logs. 

When  logs  cut  to  double  lengths  are  to  be  treated,  after  having  been 
placed  on  the  skids  they  are  sawed  very  nearly  but  not  quite  through 
in  the  middle.  Wedges  are  then  used  to  raise  them  at  the  middle  so  as 
to  open  the  saw-cut  wide  enough  to  admit  the  introduction  of  a  greased 
rope,  which  is  placed  around  the  circumference  of  the  cut.  The  wedges 
are  then  taken  out  to  allow  the  cut  to  close  np,  and  thus  to  com- 
press the  rope  and  to  form  a  close  chamber.  The  solution  enters  this 
chamber  through  a  short  tube  driven  into  a  hole  which  is  bored  slant- 
ingly a  few  inches  from  the  cut,  through  the  end  of  one  of  the  logs. 
Eubber  hose  leads  from  the  hole  in  the  log  to  the  pipe.  The  air  is  al- 
lowed to  escape  from  the  chamber  by  using  a  pin  to  make  a  small  hole 
at  the  top  of  the  greased  rope,  which  is  then  plugged.  Of  course  two 
troughs  have  to  be  i^laced  along  and  under  the  outside  ends  of  the  logs, 
where  the  liquid  leaves  the  logs.  The  troughs  carry  the  escaping  solu- 
tion to  a  tank,  where  it  is  restored  to  its  normal  strength.  But  as  the 
solution  in  passing  through  the  logs  is  mixed  with  the  sap  it  will,  even 
if  the  scum  is  removed  with  ladles  and  the  fluid  filtered  through  woolen 
cloth,  soon  become  impregnated  with  foreign  substances  to  such  an  ex- 
tent that  it  cannot  be  safely  used  any  longer. 

This  may  be  remedied  to  some  extent  by  filtration.  At  the  foot  of 
the  trestle  carrying  the  tanks  are  placed  as  many  filtering  tanks  as 
there  are  tanks  on  the  trestle.  The  filtering  tanks  are  closed  by  covers, 
which  can  be  readily  raised  when  the  filtering  material  is  to  be  intro- 
duced, and  then  closed  and  firmly  anchored  to  the  tank. 

The  fluid  delivered  by  the  troughs  is  pumped  into  one  of  the  upper 
j^tanks,  from  which  it  is  conducted  by  a  pipe  to  the  bottom  of  a  filtering 
"-^ank,  whence,  under  a  head  due  to  the  elevation  of  the  tank,  it  passes 
upward  through  the  filtering  material  and  through  a  pipe  starting  from 
the  cover  of  the  filtering  tank  to  a  pumj)  which  raises  it  again  to  a  sec- 
ond tank  on  top  of  the  trestle.  There  the  solution  is  brought  to  the 
normal  strength  and  then  starts  on  a  new  round.  Such  filters  have  to 
be  cleaned  daily. 
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It  would  appear  that  a  cheaper,  if  not  more  expeditious,  method  of 
preventing  the  adulteration  of  the  solution  could  be  found  by  passing 
only  clear  water  through  the  logs  at  the  beginning  of  the  treatment, 
continuing  this  process  until  the  sap  has  been  removed,  and  only«theu 
introducing  the  antiseptic  solution.  The  water,  after  passing  through 
the  logs,  would  be  allowed  of  course  to  run  to  waste. 

The  removal  of  the  sap  might,  perhaps,  bo  expedited  and  made  more 
complete  by  using  a  weak  solution  of  borax,  instead  of  pure  water,  at 
the  beginning  of  the  operation. 

In  France,  where  the  Boucherie  process  was  for  many  years  used  ex- 
clusively for  impregnating  wood  with  ..alphate  of  copper,  the  rule  was 
to  continue  the  treatment  until  every  portion  of  the  end  from  which 
the  solution  escai^ed  showed  the  proper  reaction  when  tested  with  fer- 
ro-cyanide  of  potassium.  It  was  also  a  rule  not  to  stop  the  operation 
until  the  solution  escaping  from  the  end,  when  tested  by  chemicals, 
showed  a  strength  of  two-thirds  of  the  original  solution,  the  wood  re- 
taining almost  all  the  sulphate  of  copper  at  the  beginning  of  the  treat- 
ment, and  gradually  less,  so  that  the  solution  flowing-from  it  showed  a 
corresponding  increase  in  strength.  The  time  required  for  thoroughly 
impregnating  wood  by  this  process  was  found  to  vary  with  the  state  of 
the  atmosphere,  with  the  dimensions  of  the  log,  and  with  the  quality  of 
the  timber.  A  humid  and  mild  atmosphere  was  the  most  favorable, 
while  dry  and  cold  weather  retarded  the  process.  During  freezing 
weather  operations  had  to  be  suspended. 

As  to  the  influence  of  dimensions  ou  the  time  required  for  treatment, 
it  may  be  assumed  that  the  time  required  is  directly  proportional  to 
the  diameter  of  the  log  and  to  the  square  of  its  length.  It  may  also 
be  assumed  as  being  inversely  proportional  to  the  hydrostatic  pressure 
applied. 

Timber  in  which  the  annual  rings  do  not  differ  much  in  width,  such 
as  beech  and  hemlock,  is  more  readily  imi)regnated  than  timber  in 
which  the  heart  is  much  more  compact  than  the  sap-wood,  as  in  oak. 
No  attempt  should  be  made  to  treat  timber  which  is  not  perfectly  sound 
throughout  its  whole  section  and  length. 

With  fresh-cut  beech  logs  intended  for  ties  it  took  on  an  average 
about  forty -eight  hours  to  complete  the  impregnation.  Logs  of  greater 
length  and  of  other  kinds  required  as  much  as  one  hundred  hours  for 
treatment.  In  cases  where  the  imi)regnation  was  found  not  to  be  com- 
pleted at  the  end  of  one  hundred  hours  it  was  customary  to  reverse  the 
position  of  the  logs  and  to  force  the  solution  through  in  the  opposite 
direction. 

This  process  has  been  most  extensively  used  in  France,  and  to  a 
smaller  extent  iu  Austria  and  Germany.  In  England  it  has  never  been 
applied,  because  nearly  all  timber  used  there  is  introduced  from  abroad. 
In  the  United  States  it  has  been  used,  so  far  as  I  am  aware,  in  but  few 
instances. 
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Yet  its  use  insures,  probably,  a  more  thorough  impregaation  than 
any  of  the  other  methods  employed  at  present.  It  does  not  injuriously 
affect  the  strength  of  the  wood,  and  requires  a  comparatively  small 
outlay  for  pUnt.  It  can  be  started  almost  anywhere  within  a  short 
time. 

Its  drawbacks  are  that  it  can  be  carried  on  only  during  a  compara- 
tively brief  season;  that  it  takes  considerable  time,  although  less  than 
the  steeping  process ;  and  that  it  cannot  be  applied  to  square  timber. 

Considering  that  the  large  quantity  of  air  which  even  fresh-cut  wood 
contains  must  necessarily  obstruct  tlie  passage  of  the  solution  through 
the  log  and  prevent  the  fluid  from  reaching  every  portion  of  the  wood ; 
considering,  moreover,  that  in  pushing  the  solution  through  the  ducts 
by  pressure  it  was  exposed  to  waste  at  every  poiut  where  the  ducts 
reached  the  surface,  and  that  such  leaks  were  diflBcult  to  stop,  I  con- 
cluded to  make  an  experiment  to  see  whether  better  results  could  not 
be  attained  by  reversing  the  Boucherie  process,  and  ai)plying  suction 
instead  of  pressure  for  passing  the  antiseptic  solution  through  the  logs. 
Instead  of  using  an  elevated  tank,  I  employed  two  small  closed  vessels 
in  one  of  which  a  partial  vacuum  was  kept  up,  while  the  other  was 
being  emptied  of  the  sap  and  solution  delivered  into  it  by  the  pipe, 
which  i)assed  along  the  ends  of  the  logs,  and  which  was  connected 
with  the  vacuum  tanks,  and  by  small  rubber  hose  with  the  chambers 
formed  at  the  head  of  each  log.  The  caps,  in  this  case,  consisted  of  a 
thin,  flexible  metal  ring,  with  sharpened  edges.  One  edge  was  driven 
in  near  the  circumference  of  the  cut,  and  when  firmly  fixed,  the  disk, 
2  to  4  inches  thick,  which  had  been  cut  from  the  end  of  the  log  to  pre 
pare  it  for  treatment,  was  driven  into  the  other  edge  of  the  metal  ring. 
This  wooden  bottom  of  the  chamber  was  made  air-tight  by  smearing 
clay  or  tallow  over  the  outside  face. 

A  small  knob  fixed  to  the  circumference  of  the  metal  ring  contained 
a  short  tube,  to  which  the  rubber  hose  was  attached  by  merely  slipping 
it  over  the  end  of  the  tube.  A  cock  in  the  short  tube  served  to  permit 
or  to  stop  the  exhaustion  of  the  air  from  the  chamber  at  the  end  of  the 
log.  The  log  was  always  placed  so  that  the  suction  end  was  at  a  higher 
elevation  than  the  end  at  which  the  solution  entered  the  log.  The  in- 
troduction of  the  solution  was  managed  in  two  different  ways.  In  one? 
a  chamber,  identical  with  that  at  the  suction  end,  was  formed  at  the 
other  end  of  the  log,  and  the  solution  introduced  into  this  chamber 
from  a  trough  running  along  and  4  feet  above  the  lower  ends  of  the 
logs.  This  arrangement  gave  pressure  at  one  end  and  suction  at  the 
other,  thus  greatly  expediting  the  operation.  Cuts  of  the  fibers  at  the 
surface  of  the  log,  such  as  would  be  produced  by  choi)ping  off'  branches, 
through  which  the  air  might  be  sucked,  were  readily  detected  and 
could  be  quickly  stopped  by  rubbing  clay  or  tallow  into  them.  When 
the  cock  in  the  pipe  connecting  the  suction  chamber  with  the  main  pipe 
vas  opened,  the  first  result  was  that  the  air  contained  in  the  cells  of 
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the  wood  was  drawu  iuto  the  suction  chamber,  and  thence  into  the 
main  suction  pipe  and  vacuum  tank,  thus  forming  a  vacuum  inside  the 
ducts  of  the  log,  which  caused  the  sap  and  the  solution  from  the  lower 
chamber  to  follow  in  a  solid  column  and  gradually  to  fill  the  wood  with 
the  antiseptic  solution. 

Another  method  was  to  place  the  logs  in  a  triangular  tank  in  such 
a  manner  that  the  lower  end  of  the  log,  to  which  in  this  case  nochamber 
or  cap  was  fixed,  would  be  completely  submerged  in  the  solution.  When  ' 
the  cock  controlling  the  connecting  pipe  was  opened  the  air  and  sap 
contained  in  the  log  were  exhausted  from  it  and  the  cells  gradually 
filled  with  the  solution.  In  some  cases  the  tank  was  first  filled  with 
water  for  the  purpose  of  washing  out  the  sap  before  the  antiseptic  solu- 
tion was  used. 

The  antiseptic  generally  used  was  sulphate  of  copper,  because  its 
presence  or  absence  can  be  determined  constantly  by  the  application  of 
a  solution  of  ferrocyanide  of  potassium,  and  the  experiments  were  in- 
stituted mainly  for  the  purpose  of  ascertaining  how  long  a  time  was  re- 
quired to  thoroughly  impregnate  the  logs. 

With  sound  logs,  of  12  to  20  inches  diameter,  cut  into  lengths  of  8 
feet,  it  was  found  that  the  wood  was  thoroughly  impregnated  in  from 
five  to  eight  hours.  This  was  ascertained  by  sawing  the  log  in  two  after 
it  had  been  treated  and  testing  the  whole  surface  of  the  cut  with  the 
reagent. 

But  when  the  logs  were  not  perfectly  sound  the  impregnation  was 
imi)erfect. 

A  small  experimental  station  was  afterwards  erected  near  Charleston, 
in  Southeast  Missouri,  where  it  was  intended  to  test  the  commercial  value 
of  the  process,  and  a  number  of  large  logs,  mostly  Sweet  Gum,  were  im- 
pregnated. But  as  this  kind  of  timber  contains  a  great  deal  of  sap 
wood,  and  as  most  of  the  large  logs  show  incipient  decay  at  the  center, 
the  results  were  not  nearly  as  favorable  as  those  which  had  been 
attained  by  the  previous  experiments  with  logs  cut  from  other  kinds  of 
timber  of  smaller  diameter,  sound  and  of  uniform  texture. 

The  experiments  were  interrupted  by  the  illness  of  my  sou,  who  hsid 
charge  of  the  work,  and  a  season  of  high  water,  which  kept  the  ground 
at  the  works,  and  for  miles  around,  submerged  for  several  months,  in- 
duced me  to  discontinue  the  experiment  altogether. 

But  I  believe  that  under  proper  condition  the  method  just  described 
will  cause  a  more  thorough  impregnation  of  wood  than  can  be  secured 
by  any  other,  without  the  necessity  of  an  expensive  plant  and  without 
injury  to  the  strength  of  the  timber. 

I  believe  also  that  it  might  be  used  to  good  advantage  in  works  where 
now  steeping  alone  is  relied  upon,  with  a  view  of  expediting  the  process 
and  of  impregnating  the  timber  not  only  near  the  surface,  but  also 
deeper.  The  timber,  when  submerged  in  the  antiseptic  solution,  might 
be  fitted  at  one  end  with  a  metal  cap,  as  heretofore  described,  and  the  fluid 
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sucked  through  the  timber  by  exhausting  the  air  and  liquid  from  the 
cap.  Square  timber,  even  if  of  large  dimensions,  might  thus  be  treated, 
the  metal  ring  in  that  case  being  made  of  the  same  form  as  the  section 
of  the  timber,  and  in  dimension  ^  or  1  inch  smaller  than  that  section. 
To  effect  complete  saturation  the  fibers  of  the  wood  would  have  to  be 
straight  and  parallel  to  the  sides  of  the  limber,  but  by  applying  the 
process  to  both  ends  a  thorough  impregnation  of  the  inner  portion  of 
the  timber  would,  in  most  cases,  be  obtained,  while  the  parts  near  the 
surface  would  be  impregnated  by  steeping. 

In  describing  at  such  length  two  processes  which  are  not  used,  I  have 
beenintluenced  by  the  consideration  that, while  neither  of  them  can  ever 
find  general  application,  there  are  undoubtedly  locations  and  circum- 
stances in  which  preservation  by  a  process  requiring  but  sli  ght  outlay  for 
plant  is  the  only  one  feasible;  and,  so  far  as  I  am  aware,  a  full  descrip- 
tion of  these  processes  has  never  been  furnished  in  any  of  the  American 
publications  treating  on  the  subject  of  the  preservation  of  timber. 

(3)  Steaming. — When  fresh  timber  is  placed  in  a  closed  vessel  and 
steam  admitted  into  the  latter,  the  first  etfect  will  be  to  expel  the  air,  a 
tap  provided  for  that  i)urpose  being  left  open.  When  the  air  has  been 
driven  out  this  tap  is  closed,  and,  more  hot  steam  being  admitted,  the 
temperature  of  the  timber  and  of  the  sap  contained  therein  rises  gradu- 
ally. When  the  temperature  in  any  part  of  the  timber  rises  to  107° 
Fahr.,  the  albumen  which  is  generally  considered  the  ingredient  in  the 
sap  most  favorable  to  decay  becomes  solid.  The  air  expands  and  a 
portion  of  it  leaves  the  cells.  The  water  contained  in  the  cells  is 
gradually  transformed  into  steam,  and  the  water  of  condensation,  to- 
gether \Tith  a  great  portion  of  the  extractive  ingredients  of  the  sap,  is 
driven  from  the  wood  and  collects  at  the  bottom  of  the  boiler,  whence 
it  is  from  time  to  time  drawn  off  by  a  tap.  The  steam  admitted  should 
not  have  a  pressure  greater  than  about  20  pounds  (corresponding  to  a 
temperature  of  about  260°  Fahr.).* 

To  coagulate  all  the  albumen  it  is,  of  course,  necessary  that  every 
part  of  the  timber  should  be  heated;  but  heat  enters  rather  gradually 
and  slowly  from  the  surface  to  the  interior.  Experiments  made  by  in- 
troducing Rose's  metal  into  holes  bored  into  the  timber  from  the  surface, 
which  afterwards  were  plugged,  showed  that  after  three  hours'  steam- 
ing, the  heat  required  for  coagulating  albumen  had  penetrated  only  to 
a  depth  of  3  to  4  inches.  It  is  evident,  therefore,  that  if  all  the  albu- 
men in  the  wood  is  to  be  coagulated  the  time  during  which  the  timber 
is  steamed  must  be  regulated  according  to  its  dimensions. 

With  timbers  of  considerable  length  and  of  large  cross-section,  it  may 
be  necessary  to  continue  the  process  for  six  and  eight  hours  or  more. 

*It  would  probiibly  be  even  better  to  restrict  the  temperature  of  the  eteam  to 
240°,  or  10  pounds  pressure,  to  prevent  injurious  effects  to  the  strength  of  the  wood 
where  bridge  timbers  are  to  be  preserved,  although  the  i)roce3s  would  take  more 
time. 
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But  such  long-continued  steaming  will  soften  the  fibers,  weaken  their 
coherence,  and  reduce  the  strength  of  the  timber.  Experiments  made 
in  Hanover  show  that  the  ultimate  strength  of  Burnettized  wood  was 
reduced  by  one-tburth  to  one-tenth,  and  its  elastic  limit  by  one-seventh. 
Some  part  of  this  reduction  was  probably  due  to  the  action  of  the  anti- 
septic used — chloride  of  zinc ;  but  there  can  be  little  doubt  that  it  was 
also  partly  due  to  the  steaming. 

Steaming  has  some  other  unfavorable  features.  A  portion  of  the  » 
albumen,  although  coagulated,  remains  behind  and  partially  stops  up 
the  cells,  hinders  the  free  circulation  of  steam  and  sap,  and  ultimately 
the  entrance  of  the  antiseptic  solution.  The  process,  moreover,  does 
not  fully  remove  the  viscid  ingredients  of  the  sap,  which,  next  to 
albumen,  are  most  favorable  to  decay,  while  it  deprives  the  wood  com- 
pletely of  the  essential  oils  and  of  tannic  acid,  which  are  to  some  extent 
preventives  of  decay ;  and,  finally,  unless  the  process  be  followed  by 
some  process  of  drying,  as  by  superheated  steam,  and  by  application  of 
the  vacuum  process  (which  will  be  described  hereafter),  it  leaves  a  con- 
siderable quantity  of  water  of  condensation  in  the  wood,  making  it  in- 
capable of  impregnation  with  at  least  one  of  the  best  antiseptic  sub- 
stances (heavy  oil  of  tar),  and  hindering  complete  impregnation  with 
other  preservatives. 

That  a  considerable  quantity  of  water  remains  in  the  wood  after  sim- 
ple steaming,  was  proved  by  experiment,  when  it  was  found  that  of  the 
water  introduced  into  the  vessel  in  the  form  of  steam  only  two-fifths  to 
four-fifths  were  removed  from  the  boiler  as  water  of  condensation,  so 
that  from  one-fifth  to  three-fifths  remained  in  the  wood. 

(4.)  The  Vacuum  Process. — In  1838  Burnett  patented  a  method  of  pre- 
paring timber  for  receiving  the  preserving  fluid,  by  placing  the  timber 
in  a  closed  vessel  and  then  using  an  air-pump  for  removing  the  air  and 
vapor  from  the  cells  of  the  wood.  He  next  filled  the  vessel  with  the  an- 
tiseptic fluid,  and  applied  a  pressure  as  high  as  150  pounds  per  square 
inch,  by  compressing  the  air  above  the  solution.  From  the  use  of  com- 
pressed air  his  was  named  the  pneumatic  process,  and  it  retained  that 
name  even  after  the  use  of  compressed  air  had  been  abandoned,  and  the 
pressure  was  directly  produced  by  pumps. 

This  process,  preceded  by  steaming  and  vacuum,  is  the  one  now  al- 
most universally  used. 

The  timber  to  be  treated  is  placed  on  cars,  which  are  then  pushed 
into  a  boiler,  C  to  8  feet  in  diameter,  and  from  60  to  110  feet  long,  of 
suflicient  strength  to  safely  bear  an  internal  pressure  of  150  pounds,  and 
a  collapsing  pressure  of  12  or  15  pounds.  The  boiler  is  then  closed,  and 
steam  admitted  under  a  pressure  of  10  or  20  pounds.  Steaming  is  kept 
up,  as  heretofore  stated,  for  from  three  to  eight  hours,  and  is  followed 
by  exhausting  the  air  and  vapor  still  contained  in  the  wood  for  from 
one  to  three  hours,  until  the  vacuum  becomes  constant  on  the  stoppage 
of  the  pumps.    The  antiseptic  solution  is  then  admitted  to  the  boiler, 
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and  wheu  the  latter  is  filled  with  the  liquid,  force  puraps  are  enipioyea 
to  force  the  solution  into  the  cells  of  the  wood  under  ti  pressure  of  100 
to  150  pounds.  The  pressure  is  kept  up  until,  on  stoppage  of  the  pumps, 
it  remains  nearly  constant  5  say  from  three  to  sixty  hours,  according  to 
quality,  kind,  and  dimensions  of  the  timber. 

The  cars  with  the  timber  on  them  are  then  removed  from  the  boiler 
and  a  new  charge  introduced. 

NoTK. — Mauy  seem  to  be  under  the  impression  tbat  the  eflect  of  <he  vacuum  in  draw- 
ing out  the  sap  and  air  is  unlimited,  and  the  same  as  rej^ai'ds  the  pressure  in  forcing  the 
preservative  into  and  through  the  wood.  We  have  no  doubt  that  the  vacuum  and  pres- 
sure are  of  great  benefit,  but  to  what  extent  the  complete  impregnation  of  the  wood  is 
affected  by  the  amount  of  air  that  may  bo  in  the  wood-cells  remains  to  bo  settled  by 
farther  investigation,  and  more  precise  information  would  be  useful.  In  green  and 
rafted  timber  the  sap  is  in  a  more  or  less  liquid  form,  and  the  log  may  thus  be  so  full 
of  moisture  as  to  contain  a  minimum  amount  of  air,  and  steaming  can  be  of  benefit 
only  by  making  the  sap  more  fluid,  the  moisture  of  the  steam  being  of  no  advantage. 
The  heat  also  expands  what  air  there  is  in  the  wood  and  thus  drives  out  some  of  the 
moisture.  With  such  timber  it  j)robably  would  be  better  to  apply  dry  heat  rather 
than  by  direct  steaming,  and  thus  add  heat  without  extra  moisture,  for  if  we  get  a 
stick  of  timber  thoroughly  water-soaked,  the  wood-cells  are  full  of  water  and  there 
is  no  place  into  which  to  force  the  preserving  fluid. — H.  C. 

ANTISEPTICS  USED  IN   THE  PRESERVATION  OF  WOOD. 

Out  of  the  great  number  of  substances  which,  during  the  last  sixty 
years,  have  been  proposed  for  i)reserving  wood  from  decay,  or  rather 
for  prolonging  the  period  of  its  usefulness,  only  four  have  stood  the  test 
applied,  and  are  now  employed  for  that  purpose. 

1st.  Heavy  oil  of  tar  (creosote  oH,  dead  oil). 

2nd.  Bichloride  of  mercury  (corrosive  sublimate). 

3rd.  Chloride  of  zinc. 

4th.  Sulphate  of  copper. 

In  addition  to  these  some  substances  are  employed  for  preventing  the 
gradual  removal  of  these  antiseptics  from  the  wood  by  exposure  to  at- 
mospheric influences,  such  as  chloride  of  tannin,  glue,  tannin,  and 
sulphate  of  lime. 

(1.)  Heavy  Oil  of  Tar. — The  heavy  oil  of  tar  is  the  product  of  the  dis 
tillation  of  coal-tar  between  the  temperatures  of  480°  and  700°  Fahr. 

It  generally  contains  from  5  per  cent,  to  10  per  cent,  of  cresylic  acid, 
the  remainder  consisting  of  heavy  oil  and  naphthaline  in  varying  pro- 
portions. An  analysis  of  the  oil,  as  imported  from  England  and  used 
at  the  works  at  Slidell,  La.,  gave  9.75  per  cent,  of  carbolic  and  cresylic 
acid,  12.50  per  cent,  of  naphthaline,  and  77.75  per  cent,  of  heavy  oil. 

At  65° Fahr.  it  weighs  about  9  pounds  per  gallon,  and  boils  at  a  temper- 
ature of  265°.  It  has  great  antiseptic  qualities,  and  being  insoluble  in 
water,  has  the  advantage  over  all  other  substances  used  for  the  preser- 
vation of  wood,  in  that  when  applied  in  proper  manner,  it  forms  a  coating 
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to  the  woody  fiber,  which  provcuts  water  and  air  from  coming  in  contact 
with  it.  Being  insoluble  in  water,  it  cannot  be  removed  by  immersion 
in  water.  It  is,  moreover,  the  only  substance  which  will  permanently 
protect  timber  against  destruction  by  the  Teredo  navalis  and  other 
parasites. 

Impregnation  with  heavy  oil  of  tar,  or  creosoting,  as  it  is  sometimes 
called  (from  the  fact  that  creosote  was  considered  the  active  preserva- 
tive principle),  was  patented  in  England  by  Bethell,  in  1838. 

The  method  of  treatment  proposed  by  him  was  to  remove  the  air  from 
the  wood,  to  heat  the  oil  to  about  120°  Fahr.,  and  to  inject  it  into  the 
wood  by  pressure.  To  admit  of  proper  impregnation,  the  wood  should 
be  freed  from  water  so  far  as  possible.  In  England,  air-dried  wood  is 
readily  procured,  which  being  iilaced  in  a  closed  vessel  in  which  a  vac- 
uum has  been  established,  can  be  easily  prepared  for  the  reception  of 
the  oil.  In  this  country,  where  the  wood  generally  has  to  be  impreg- 
nated soon  after  it  has  been  cut,  and  when  steaming  has  to  be  resorted 
to  for  driving  out  the  sap,  special  means  must  be  adopted  to  remove 
the  water  of  condensation  from  the  wood,  after  steaming,  if  the  treat- 
ment is  to  be  successful. 

As  to  the  quantity  of  oil  required  to  preserve  the  wood,  it  may  be 
said  that  the  useful  effect  of  the  impregnation  is  i^roportional  to  the 
quantity  of  oil  injected  into  a  given  volume  of  wood.  If  all  the  void 
spaces  in  the  wood  could  be  filled,  it  would  take  from  one-half  to  two- 
thirds  of  a  cubic  foot,  or  from  35  pounds  to  50  pounds  of  the  oil  for  each 
cubic  foot  of  timber.  The  practical  limit  would  probably  vary  from  25 
to  50  pounds  per  cubic  foot,  according  to  the  kind  of  timber  used. 

But  impregnation  to  such  an  extent  would  be  altogether  too  expen- 
sive, and  the  quantity  is  therefore  limited  to  what  has  proved  by  ex- 
perience to  be  adequate  for  preservation  under  the  conditions  in  which 
the  wood  is  to  be  used.  From  5  to  7  pounds  per  cubic  foot  is  at  pres- 
ent considered  suflBcient  for  railroad  ties  ;  about  10  pounds  per  cubic 
foot  for  bridge  timbers  j  and  for  protecting  piles  used  in  marine  struct- 
ures, from  18  to  20  pounds  per  cubic  foot  are  considered  necessary  ac- 
cording to  the  experience  of  American  and  French  engineers,  while  Eng- 
lish engineers  consider  10  pounds  per  cubic  foot  sufficient  protection 
for  timber  and  piles  in  marine  works. 

The  value  of  creosoting  as  a  preservative  against  decay  is  shown  by 
long  experience.  In  England  it  is  almost  i  niversally  used  for  preserv- 
ing railroad  ties.  Creosoted  ties  have  been  found  perfectly  sound  after 
they  had  been  in  the  ground  for  twenty-two  years.  In  this  country, 
,  creosoting  was  first  applied  in  1865  by  Hinckley,  on  the  Old  Colony 
'Railroad,  for  the  preservation  of  piles;  but  the. treatment  was  very  im- 
perfect, as  the  oil  did  not  penetrate  to  a  depth  of  more  than  one-quarter 
to  one-half  an  inch  below  the  surface.  The  piles  were  also  trimmed  and 
cut  after  treatment,  thereby  exposing  untreated  surfaces. 
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Yet  in  1878,  when  these  piles  were  examined,  200  of  them  were  still 
found  standing,  although  not  in  a  sound  condition.  Some  railroad  ties 
(hemlock),  which  had  been  creosoted  and  placed  in  the  track  at  the 
same  time,  were  found  to  be  perfectly  sound. 

Creosoted  Cypress  ties,  which  had  been  laid  in  the  track  of  the  Cen- 
tral Railroad  of  New  Jersey  in  1876,  on  an  examination  made  in  1883  by 
L.  L.  Buck,  were  reported  to  be  sound,  not  much  worn,  and  in  all  prob- 
ability good  for  ten  or  twelve  years'  longer  service. 

In  1885,  Mr.  J.  W.  Putnam  examined  creosoted  piles  and  bridge  tim- 
bers, which  had  been  in  use  on  the  line  of  the  New  Orleans  and  Mo- 
bile Railroad  for  nine  years,  and  found  them  all  sound  ;  the  piles  had 
successfully  resisted  the  attacks  of  the  Teredo. 

Some  failures  are  reported  in  this  country,  but  in  every  instance  they 
can  be  shown  to  have  resulted  from  imperfect  treatment. 

Creosoting  works  are  established  at  Boston,  New  York,  Pascagoula, 
Miss.,  Slidell,  La.,  and  Bayou  Bonfauca,  on  the  New  Orleans  and  North- 
eastern Railroad. 

Creosoting  is  undoubtedly  the  most  effective  means  of  preserving 
wood,  and  the  only  obstacle  to  its  universal  introduction  consists  in 
its  being  more  expensive  than  any  of  the  other  systems  of  preservation. 

(2)  Bichloride  of  Mercury. — The  use  of  bichloride  of  mercury  (corrosive 
sublimate)  for  the  preservation  of  wood  was  patented  and  introduced  in 
England  by  John  Howard  Kyan,  in  1833,  and  was  soon  very  extensively 
applied.  It  coagulates  albumen,  and  is  the  strongest  antiseptic  among 
metal  salts ;  it  is  also  very  poisonous.  Its  solution  attacks  iron,  conse- 
quently tanks,  pumps,  tools,  pipes,  etc.,  for  holding  it  must  consist  of 
wood  or  India  rubber,  or  must  be  coated  with  coal-tar.  It  is  soluble  in 
water,  and  by  using  hot  water  a  solution  can  be  obtained  of  1  part  of 
bichloride  of  mercury  and  G  parts  of  water.  When  it  is  to  be  used  for 
the  impregnation  of  timber  the  concentrated  solution  is  diluted  with 
the  addition  of  water.  The  strength  of  the  solutions  used  in  impregna- 
tion has  differed  greatly.  On  the  Boston  railroads,  where  this  antiseptic 
has  been  largely  used  for  the  preservation  of  railroad  ties  and  sleepers, 
the  strength  of  the  solution  was  1  part  of  bichloride  of  mercury  to  150 
parts  of  water,  and  the  quantity  absorbed  by  100  cubic  feet  of  dry  pine 

Note. — In  France  all  ties  are  impregnated,  preferably  with  creosote,  the  cost  per 
tie  being  as  follows  : 


Cost  of  tie.     ' 

Coat  of  creosoting. 

Total  cost 

Oak $1  O0to$l  18 

Beech...       67  to       77 
Spruce..      35  to       4U 

20  to  40  cents. 
40  to  45  cents. 
15  to  20  cents. 

$1  20  to  $1  35 

1  07  to    1  20 

50to       58 

The  average  duration  of  ties  has  been  found  to  be  as  follows:  Oak,  not  impreg- 
nated, lasted  on  the  average  14  years.  Oak,  creosoted,  lasted  18  years.  Beech,  cre- 
osoted, lasted  8  to  10  years.    Spruce,  creosoted,  lasted  12  years.— B.  E.  F. 
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wood,  in  the  forQi  of  ties,  wasfouud  to  bo  0.0  pounds;  by  100  cubic  feet 
of  oak,  5.5  pounds ;  and  5  pounds  by  100  feet  of  pine  moderately  dry, 
containing  a  large  amount  of  resin. 

On  the  Eastern  railroads  the  strength  of  the  solution  at  first  was  1  in 
240  parts,  and  at  i^resent  a  solution  of  1  in  99  is  used.  The  timber  is  said 
to  absorb  about  2.0  pounds  per  cubic  foot,  while  Mr.  J.  B.  Francis  states 
that  in  the  Lowell  works  the  wood  is  found  to  absorb  about  0  pounds  of 
sublimate  per  100  cubic  feet.  In  England  solutions  have  sometimes  been 
used  containing  1  pound  in  40,  but  without  securing  as  good  absorption 
as  was  obtained  with  weaker  solutions,  since  only  2.2  pounds  per  100 
cubic  feet  were  attained,  it  being  probable  that  some  of  the  sublimate 
was  precipitated  in  the  pores  near  the  surface,  stopping  them  sufficiently 
to  partly  prevent  the  entrance  of  the  solution  to  the  inside  of  the  wood. 

The  impregnation  of  wood  with  corrosive  sublimate  has  always  been 
carried  on  by  steeping.  In  Germany  wooden  tanks,  from  20  to  35  feet 
long  and  from  4  to  5  feet  in  height,  are  used.  The  rule  observed  as  to 
the  length  of  time  of  immersion  has  been  to  leave  ordinary  railroad  ties 
ten  days  in  the  tanks,  lumber  five  days,  bridge  timbers  fifteen  days.  In 
some  works  the  rule  is  to  steep  pine  ties  for  eight  days,  and  oak  ties  for 
fourteen  days. 

At  Lowell,  Mass.,  where  this  process  was  introduced  by  Jas.  B. 
Francis,  C.  E.,  in  1848,  and  has  been  carried  on  (with  an  interruption  of 
twelve  years,  1850  to  1862)  up  to  this  time,  the  steeping  is  performed 
in  wooden  tanks  50  feet  long,  7^  feet  wide,  and  4  feet  deep.  The  rule 
laid  down  by  Mr.  Francis  for  the  duration  of  steeping  is,  that  the  tim- 
ber should  be  kept  immersed  a  length  of  time  depending  on  its  least 
thickness,  one  day  being  allowed  for  each  inch  in  thickness,  and  one 
day  in  addition,  whatever  the  thickness.  This  makes  the  time  of  im- 
mersion for  a  Cinch  timber  seven  days.  At  the  works  of  the  Eastern 
Railroad  at  Portsmouth,  Me.,  tanks  69  feet  by  9J  wide,  and  6  feet  deep, 
built  of  granite  laid  in  cement,  are  used.  The  inside  of  these  tanks  is 
coated  with  coal-tar,  applied  hot.  Ties  6  inches  thick,  according  to  H. 
Bissell,  M.  M.  W.,  Eastern  Eailway,  require  one  week ;  12-inch  timber, 
two  weeks.  The  time  of  immersion  is,  therefore,  nearly  the  same  at  all 
works.  The  difference  inthequantityofsublimateabsorbed(2.6pounds 
per  100  cubic  feet  at  Portsmouth,  against  6  pounds  per  100  cubic  feet  at 
Lowell  and  in  Germany)  could  be  due  probably  only  to  the  fact  that  the 
timber  treated  at  Portsmouth  was  not  air-dried. 

Bichloride  of  mercury  being  a  very  active  poison,  great  care  in  hand- 
ling it  is  plainly  indicated.  In  Baden  it  was  considered  necessary  to 
tnke  extra  precaution  against  the  poisoning  of  the  workmen,  and  some 
prejudice  was  created  against  this  mode  of  preservation  on  this  ac- 
count; but  the  experience  in  this  country  on  this  point  is  somewhat  re- 
assuring. Mr.  Francis  states  that,  in  an  experience  in  Kyauizing,  ex- 
tending over  more  than  thirty  years,  he  has  known  no  case  where  the  men 
operating  with  it  have  been  made  ill.  He  says  that  men  working  over 
the  tank  in  which  the  corrosive  sublimate  was  being  dissolved  in  hot 
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water  sometimes  complained,  but  that  he  never  knew  any  man  to  be  se- 
riously afiected.  lie  mentions,  however,  that  in  Kyanized  timber  an 
efflorescence  of  the  sublimate  has  sometimes  been  observed,  which  might 
be  injurious  to  cattle,  if  licked  oft'  from  timber  to  which  they  have  ac- 
cess. This  might  be  prevented  to  some  extent  if  the  i)recaution  used  in 
Germany  was  adopted,  of  washing  with  h»)t  water  the  surface  of  the 
timber  when  treated,  and  before  being  exposed.  Mr.  Bissell  corrobo- 
rates the  statements  of  Mr.  Francis.  He  states  that  the  man  in  charge 
of  preparing  the  solution  has,  in  a  few  instances,  been  nauseated  for  a 
short  time  by  inhaling  vapor  arising  from  the  solution ;  but  that  he  be- 
lieves this  would  have  been  prevented  by  a  little  Inore  carefulness,  and 
that  the  men  handling  the  timber  never  suffered  any  injury,  although 
frequently  careless. 

The  testing  of  a  solution  of  the  sublimate,  as  to  its  strength,  can 
readily  and  accurately  be  i)erformed.  A  graduated  test  tube  being 
filled  with  it,  a  solution  of  iodide  of  potassa  is  added,  which  precipi- 
tates the  oxide  of  mercury  as  a  red  powder,  which  by  the  further  ad- 
dition of  the  solution  of  iodide  of  potassa  is  again  dissolved,  so  as  to 
leave  a  clear  liquid.  The  change  in  color  can  be  accurately  observed, 
and  the  numbers  on  the  graduated  test  tube  can  be  so  arranged  that 
the  man  in  charge  can  read  off  the  weight  of  bichloride  of  mercury  to 
be  added  to  bring  the  solution  to  its  proper  strength. 

There  is  ample  testimony  as  to  the  efficiency  of  bichloride  of  mercury 
as  a  preservative  of  wood.  The  railroad  ties  of  the  Baden  Kailroad, 
impregnated  with  it,  lasted  from  twenty  to  thirty  years.  Mr.  Francis 
states  that  in  1850  he  put  up  a  fence  of  Kyanized  spruce  lumber,  which  is 
still  perfect,  not  a  single  piece  having  been  removed  during  the  thirty- 
five  years,  and  only  part  of  the  wood  which  was  under  ground  having 
decayed.  The  Pawtucket  Street  Bridge,  built  in  1849  of  northern  White 
Pine  (Kyanized),  did  not  require  any  repair  until  1882,  a  period  of  thirty- 
three  years.  Kyanized  timbers  were  used  in  nine  spans  of  the  Burr  truss 
bridge,  at  Georgetown,  which  stood  from  1840  to  1862,  and  fiiiled,  not 
from  the  decay  of  its  timbers,  but  from  bad  construction.  The  Black- 
stone  Eiver  Bridge,  on  the  New  York  and  New  England  Railroad,  a 
Pratt  truss  built  of  Kyanized  timber  in  1848,  when  taken  down  in  1876, 
after  twenty-eight  years'  service,  was  found  but  slightly  decayed.  Two 
bridges  on  the  Philadelphia  and  Reading  Railroad,  built  in  1850  of 
Kyanized  timber,  proved  sound  after  twenty  years. 

The  experience  in  this  country  as  to  Kyanized  ties  is  not  as  favorable 
as  in  Baden.  This  may  be  due  to  two  causes.  On  the  Baden  Railroad 
the  ties  and  all  other  timbers  are  air-dried  during  two  or  three  weeks 
after  impregnation  and  before  being  laid,  which  precaution  is  probably 
not  observed  in  this  country,  and  the  road-bed  in  which  the  ties  of  the 
Baden  Railroad  were  laid  consisted  of  a  very  dry  gravel,  which  allowed 
all  rain-water  to  run  off  at  once.  But  even  on  other  German  roads  the 
success  of  Kyanizing  has  been  remarkable,  and  the  failures  which  are 
recorded  were  due  in  many  cases  to  imperfect  impregnation. 
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Still,  from  the  experiments  of  Mr.  Frauds,  it  apoms  to  bo  certain  that 
Kyaniziii<,'  will  give  better  results  when  the  timber  is  exposed  to  air  thau 
when  placed  uudergrouud.  This  results  very  likely  from  the  sublimate 
bcinjj  gradually  dissolved  and  washed  out.  It  might  bo  prevented 
probably  by  first  drying  the  treated  timber  and  then  giving  it  a  coating 
of  dead  oil,  on  the  ends  at  least. 

(3)  Chloride  of  Zinc. — The  use  of  chloride  of  zinc  for  the  i)rescrvatiou 
of  timber  was  i)atented  by  Burnett,  in  England,  in  the  year  1838. 

Chloride  of  zinc  is  prepared  by  dissolving  metallic  zinc  in  hydro- 
chloric aci<l.  In  its  most  concentrated  form  it  contains  32  per  cent,  of 
zinc,  but  generally  only  25  per  cent.  The  specific  gravity  of  a  solution 
of  this  strength  is  about  l.G.  It  is  sometimes  made  from  zinc  skim- 
mings, and  is  then  liable  to  contain  free  hydrochloric  acid  and  chloride 
of  iron ;  the  first,  like  nearly  all  free  acids,  reduces  the  strength  of  the 
timber,  while  the  second  reduces  the  value  of  the  solution  as  an  anti- 
septic. 

Chloride  of  zinc  has  the  greatest  affinity  for  wood  fiber,  and  is  hygro- 
scopic, both  being  qualities  which  increase  its  value  as  a  preservative. 
It  is  also  a  very  strong  auMseptic.  Burnett  at  first  recomnended  to 
use  a  solution  of  1  part  (by  volume)  of  concentrated  chloride  of  zinc  to 
59  parts  (by  volume)  of  water.  In  Germany  stronger  solutions  were 
frequentlj^  used,  1  in  30, 1  in  24,  and  in  one  case  even  1  in  14  parts.  But 
it  was  found,  as  in  the  case  of  corrosive  sublimate,  that  by  using  these 
stronger  solutions  the  quantity  of  zinc  absorbed  by  the  wood  was  not 
proportionally  increased,  because  such  solutions  would  not  so  readily 
enter  the  cells,  and  that  some  portions  of  the  timber  received  an  ex- 
cessive amount  of  the  zinc  chloride,  while  others  received  little  or  none. 
The  presence  of  an  excess  of  chloride  of  zinc,  moreover,  seems  to  injure 
the  fiber,  causing  brittleness  in  the  wood,  and  to  prevent  these  conse- 
quences the  strength  of  the  solutions  on  German  railroads  has  been 
reduced  to  1  in  50,  or  1  in  60. 

In  this  country  solutions  of  2  in  100  and  3  in  100  were  used  at  first 
(Erie  Railway  Company).  On  the  Philadelphia  and  Western  Bailroad 
the  solution  used  contained  5  or  G  in  100;  on  the  Philadelphia  an< I 
Reading  Railroad,  3f  in  100;  on  the  Havre  de  Grace  Bridge,  1.12  in  100. 
At  present  the  solutions  generally  used  have  a  strength  of  1.9  or  2  in  100. 
The  strength  of  solutions  is  generally  measured  by  the  areometer;  but 
the  specific  gravity  of  the  solutions  of  zinc  chloride  changes  so  rai)idly 
under  changes  of  temperature  that  errors  are  unavoidable,  unless  proper 

')rrections  for  temperature  are  made. 

The  weight  of  concentrated  chloride  of  zinc,  which  was  absorbed  from 
a  solution  of  a  strength  of  1  in  GO,  was  found  to  be  as  follows  on  the 
railroads  of  Hanover,  Germany  : 

100  cubic  feet  of  Oak  absorb  22  pounds  of  concentrated  chloride  of 
zinc. 
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100  cubic  feet  of  Beech  absorb  100  pouiuls  of  couceiit rated  chloride 
of  zinc. 

100  cubic  feet  of  spruce  absorb  50  pounds  of  concentrated  chloride 
of  zinc. 

At  the  works  lately  built  at  Las  Vegas,  N.  Mex.,  with  a  solution  con- 
taining 1.5  parts  of  concentrated  chloride  of  zinc  in  100  parts  (by  vol- 
ume)— 

Hewn  ties  absorb  33  per  cent,  of  solution  (by  volume),  or  49  pounds 
of  concentrated  chloride  of  zinc  in  100  cubic  feet. 

Sawed  ties  absorb  17  per  cent,  of  solution  (by  volume),  or  24  pounds 
of  concentrated  chloride  of  zinc  in  100  cubic  feet. 

Piles 40  feet  long,  17  inches  at  the  butt,  12  to  14  per  cent.,  or  IG  pounds 
of  concentrated  chloride  of  zinc  in  100  cubic  feet. 

With  a  solution  of  a  strength  of  2  in  100,  the  absorption  would  be  75 
pounds,  32  pounds,  and  21  pounds  per  100  cubic  feet,  respectively. 

The  efficiency  of  the  chloride  of  zinc  in  preserving  wood  is  well  at- 
tested. 

On  roads  in  Hanover  109,000  ties  (Burnettized  oak)  lasted,  on  an 
average,  19.C  years. 

On  the  Rhine  Emden  Kailroad  101,515  Burnettized  Fir  ties  lasted, 
on  an  average,  22.8  years ;  81,000  Beech  ties,  on  the  Hanover  liailroad, 
lasted,  on  an  average,  14.8  years  ;  while,  when  left  untreated,  the  aver- 
age duration  of  oak  ties  in  Germany  is  14  to  IG  years;  of  fir  ties,  7  to  8 
years,  and  of  Beech  ties  2^  to  3  years. 

As  to  the  success  of  this  mode  of  preservation  in  this  country,  the 
following  facts  may  be  mentioned :  Of  2,000  Burnettized  ties  laid  on 
the  Chicago,  Rock  Island  and  Pacific  Railroad  in  18GG  (pine,  Tamarack, 
and  cedar,  and  the  greatest  part  Hemlock),  when  examined  in  1881  by 
M.  Alexander,  roadmaster,  75  i)er  cent,  were  still  found  present  in  the 
track,  and  in  such  condition  that  they  might  do  good  service  for  2  or  3 
years  longer. 

L.  L.  Buck  reports  that  in  1882  he  examined  a  lot  of  Burnettized 
ties  laid  in  1806  and  1868,  consisting  of  Maple,  Beech,  and  Hemlock,  and 
found  them,  with  few  excei)tions,  in  a  good  state  of  preservation,  and 
more  particularly  the  Hemlock  ties.  He  expresses  the  opinion  that, 
although  in  the  ground  for  16  years,  thej'  would  probably  last  from  7 
to  8  years  longer. 

R.  M.  Chaflee,  president  of  the  Union  (horse)  Railroad  at  Cambridge, 
Mass.,  states  that  of  a  lot  of  Burnettized  spruce  sleepers  laid  in  that 
railroad,  many  were  found  in  good  condition  after  28  years'  service. 

A  truss  bridge  of  8  spans,  built  for  the  Chicago,  Rock  Island  and 
Pacific  Biailroad  of  Burnettized  timber  in  1860,  was  still  in  fair  condi- 
tion in  1882. 

Where  Burnettizing  failed,  it  was  due  to  improper  treatment.  The 
fact  alone  that  22  out  of  48  Gennan  railroad  companies,  who  preserve 
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tlieir  ties,  use  this  antiseptic  might  bo  Jiccejjted  as  a  inoof  of  its  efli- 
eiency  as  a  preservative. 

(4)  Sulphate  of  Copper. — Sulphate  of  copper  (blue  vitriol)  bad  long 
been  known  as  a  strong  antisei>tic;  but  was  first  used  for  the  preserva- 
tion of  wood  by  Bouchcrie,  in  the  year  18,38.  When  used  for  this  pur- 
pose it  should  be  free  from  deleterious  admixtures,  among  which  the 
most  common,  and  at  the  same  time  most  injurious  to  wood,  is  sulphate 
of  iron ;  ibr  sulphate  of  irou  is  easily  decomposed,  and  the  free  sul- 
phuric acid  resulting  therefrom  attacks  and  weakens  the  wood  liber. 

The  solution  of  sulphate  of  copper  recommended  by  Boucherie  con- 
sisted of  1  part  (by  weight)  of  sulphate  of  copper  to  100  parts  (by 
weight)  of  water. 

The  increase  of  timber  in  weight  by  impregnation  with  sulphate  of 
copper  was  found  by  Boucherie,  when  his  method  of  treatment  was 
used,  to  be  as  follows  per  100  cubic  feet:  pine,  140  pounds;  oak,  145 
pounds;  Hendock,  320  pounds;  Beech,  540  pounds. 

But  this  increase  in  weight  does  not  express  the  weiglit  of  «lry  sul- 
l>hate  of  copper  taken  uj)  by  the  wood,  nor  the  weight  of  the  diluted 
solution  of  sulphate  of  copper  absorbed.*  The  weight  of  dry  sulphate 
of  copper  absorbed  by  Beech  was  found  to  be  32  pounds  in  100  cubic 
feet  of  wood,  and  this  is  the  weight  of  dry  sulphate  of  copper  which 
100  cubic  feet  of  this  kind  of  wood  is  required  to  contain  (1.1  pounds 
per  tie  of  3.5  cubic  feet),  under  the  specifications  of  the  French  engineers. 

NVhen  the  Boucherie  process  of  impregnation  is  used,  the  weight  of 
sulphate  of  copper  required  per  cubic  foot  may  be  set  down  at  40  pounds 
per  100  cubic  feet,  to  make  allowance  for  loss  in  antiseptic  resulting 
from  his  mode  of  treatment.  Impregnation  with  solutions  of  sulphate 
of  copper  has  been  carried  on  by  almost  every  known  method  of  treat- 
ment, viz:  by  steeping,  by  the  Boucherie  process,  and  by  vacuum  and 
pressure. 

One  disadvantage  in  the  use  of  this  antiseptic  consists  in  the  fact 
that  boilers,  pipes,  i)umps,  and  tools  used  in  carrying  ou  the  process 
must  consist  of  copi)er,  because  contact  with  iron  decomposes  the  sul- 
phate of  copper.  This,  of  course,  largely  increases  the  cost  of  the 
necessary  plant. 

Another  respect  in  which  treatment  with  sulphate  of  copper  is  inferior 
to  treatment  with  chloride  of  zinc,  at  least  in  preserving  railroad  ties, 
may  be  found  in  the  fact,  that  when  ties  treated  with  sulphate  of  cop- 
per are  placed  in  the  track,  the  iron  rails  and  spikes  coniing  into  contact 
with  the  sulphate  of  copper  will  decompose  the  latter,  producing  free 
dalphuric  acul,  which  attacks  the  fiber  and  injures  the  strength  of  tho 
timber.    Jn  some  cases  the  endeavor  has  been  made  to  prevent  this  by 


•  Boucherie  found  that  in  23  hours  :{,0i>0  liters  of  solution  entered  into  a  Bocch  log 
15  nietere  long  and  jivcraging  0.9  meters  in  diameter,  or  about  i  of  its  total  volume. 
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covering  tUe  tics,  where  tliey  toiujlied  the  rails,  with  coiil  tar,  and  hy 
using  galvanized  spikes.  Sulphate  of  copper  is  less  hygroscopic  thiin 
chloride  of  zinc,  and  ties  treated  with  it  are  more  liable  to  crack. 

There  is  one  point,  however,  in  which  it  is  superior  to  chloride  of  zinc, 
and  which  is  of  very  great  ijuportance,  when  the  treatment  is  to  be 
effected  under  contract.  AVliile  it  is  difficult  to  control  the  strength  or 
a  solution  of  chloride  of  zinc  used  in  impregnation,  or  to  find  by  cheini 
cal  analysis  the  actual  quantity  of  zinc  contained  in  the  timber  alter 
imi)regnation,  both  of  these  operations  can  be  performed  with  great 
accuracy,  and  without  much  expenditure  of  time  or  money,  when  sul- 
phate of  coi)per  is  used.  There  can  be  less  cheating,  and,  therefore, 
the  success  of  the  treatment  as  a  means  of  preservation  is  more  fully 
assured.  To  show  the  efficiency  of  the  sulphate  of  copper  in  prolong- 
ing the  life  of  wood,  it  may  be  stated  that,  according  to  German  experi- 
ments, G0,000  fir  ties  which  had  been  merely  steeped  in  a  solution  of 
sulphate  of  copper  lasted  on  an  average  13.9  years ;  that  30,000  ties  of 
the  same  kind  of  timber,  which  had  been  boiled  in  a  solution  of  this 
same  antiseptic,  and  laid  on  th«3  Berlin,  Potsdam  and  Magdeburg  Kail- 
road,  lasted  on  an  average  14  years;  and  that  111,000  fir  ties,  impreg- 
nated with  sulphate  of  copi^er  under  pressure,  averaged  10  years  of 
usefulness;  while  unimpregnated  fir  lies  used  in  the  same  railroads 
lasted  only  from  7  to  9  years.  It  may,  therefore,  safely  be  assumed 
that  the  durability  of  such  ties  would  be  doubled  by  proper  treatment 
Avith  sulphate  of  copper. 

The  use  of  sulphate  of  copper  has  been  nearly  abandoned  in  France, 
but  is  still  carried  on  by  some  of  the  German  railroads. 

In  this  country  it  has  been  used  only  in  connection  with  the  Thilmany 
process,  which  will  hereafter  be  described.  One  obstacle  to  its  use  may 
have  been  found  in  the  fact  that  sulphate  of  copper  formerly  cost  much 
more  than  chloride  of  zinc ;  but  the  price  of  copper  has  declined  so  nnich 
of  late  that  the  difference  in  cost  has  been  greatly  reduced. 

NoTK. — The  outfit  for  the  Boncherie  process  is  light  and  inexpensive,  as  well  as  that 
for  Kyaniziiig,  consisting  of  tanks  in  which  to  mix  and  store  tlie  preserving  liiiuid  and 
t  roughs  to  receive  the  sap  ;  or,  witli  the  latter  process,  tanks  in  which  to  so.ak  or  steejt 
the  tiniher.  The  Burnettizing  process  and  the  Bethel!  process  must  prei»are  the  wood 
by  steaming,  etc.,  and  require  iron  cylinders,  a  steam  boiler,  and  pumps.  But  the 
usual  form  can  bo  modified,  as  Colonel  Flad  has  indicated,  by  using  two  or  more 
smaller  cylinders  with  boiler  and  pumps,  all  attached  to  trucks  or  arranged  to  be 
easily  handled,  and  with  all  pipe  connections  so  arranged  as  to  be  made  or  broken 
readily. 

The  .advantages  of  a  movable  plant  have  received  less  attention  and  have  been 
tested  less  than  they  deserve.  The  transportation  of  timber  is  of  course  a  consid- 
erable item  of  expense.  A  plant  of  moderate  size  could  bo  taken  to  the  various 
Kourc(!S  of  supply  from  which  the  timber  comris  or  to  the  most  economical  distribut- 
ing points,  and  thus  the  cost  of  transportation,  in  one  direction  at  least,  would  often 
be  saved. — H.  C. 


85 

METHODS  AND  SUBSTANCES  USED  TO  RETAIN  ANTISEPTICS. 

The  heavy  oil  of  tar,  being  insoluble  iu  water,  will  not  be  removed 
from  timber  which  has  been  impregnated  with  it,  even  if  the  timber  is 
permanently  submerged  in  water.  But  the  metallic  salts  at  present 
used  in  wood  preservation,  bichloride  of  mercury,  chloride  of  zinc,  and 
sulphate  of  copper,  being  injected  into  the  woodiu  the  form  of  aqueous 
solutions,  are  of  course  liable  to  be  dissolved  again  by  moisture  and 
eventually  to  be  removed  when  the  timber  is  exposed  to  the  action  of 
water.  Experiments  made  by  chemists  seem  to  prove  that  a  portion 
at  least  of  the  sulphate  of  copper  and  of  chloride  of  zinc  combines  with 
the  liber  of  the  wood  and  cannot  be  removed  again ;  but  all  that  has 
not  been  lixed  by  such  combination  may,  iu  the  course  of  time,  be  re- 
moved from  the  wood  when  permanently  immersed  in  water.  Metallic 
salts  should,  therefore,  not  be  used  when  wood  is  exposed  to  the  con- 
stant action  of  water,  and  it  would  be  desirable  to  adopt  means  for  pre- 
venting even  the  gradual,  but  much  slower,  removal  of  the  salts  by  rain 
and  moist  air,  although  the  favorable  results  with  wood  which  had  not 
received  such  extra  protection  leaves  some  doubt  as  regards  its  eco 
uomical  value. 

The  methods  which  are  now  used  for  preventing  the  "  washing  out" 
of  the  metal  salts  are  :  (1)  The  Thilmany  i)rocess;  {a)  with  sulphate  of 
copper;  (6)  with  sulphate  of  zinc.  (2)  The  Wellhouse  process.  (3) 
The  zinc  gypsum  process.     (4)  The  zinc-creosote  process. 

1.  The  Thilmany  Frocess. — Thilmany,  in  18G9,  took  out  a  patent  for  a 
method  of  preservation  by  which  the  wood  was  first  to  be  impregnated 
with  sulphate  of  copper  and  then  to  be  immersed  in  a  bath  of  chloride 
of  barium.  An  interchange  of  the  constituents  of  these  two  salts,  if 
brought  together  in  the  x)roper  proportions,  would  leave  the  timber  im- 
pregnated with  chloride  of  copper  and  sulphate  of  barium,  which  latter, 
being  insoluble  in  water  and  in  all  acids,  was  expected  to  fill  up  the 
pores  of  the  wood  so  as  to  prevent  the  removal  of  the  chloride  of  copper 
by  water  entering  from  the  outside. 

The  process  was  first  tried  at  Cleveland,  Ohio,  with  blocks  for  wood 
pavement.  As  far  as  I  am  informed,  the  wood  was  treated  with  sul- 
phate of  copper  by  the  Boucherie  process  and  then  immersed  iu  a  bath 
of  chloride  of  barium.  In  1881 1  took  up  and  examined  some  of  the 
elm-wood  blocks  which  had  been  thus  treated  and  laid  down  in  Saint 
Clair  street  in  1870,  and  found  them  perfectly  sound  after  eleven  years' 
exposure  on  the  street. 

Works  were  erected  at  Defiance  and  Milwaukee,  where  the  timber  and 
ties  were  treated  with  the  Thilmany  preservatives  by  steaming,  vacuum, 
and  pressure.  But  the  results  were  not  very  favorable.  At  Defiance  a 
solution  of  1.5  in  l()0,and  later  one  of  2  in  100,  was  injected  with  a  pressure 
of  80  to  100  fjounds  until  all  the  pores  of  the  wood  (as  Mr.  Thilmany 
says)  wen":  ciuirge<l  wit.li  ilir  solution,  when  tin;  boiler  was  filled  with  a 
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1 J  per  cent,  solution  of  chloride  of  barium.  It  is  bard  to  conceive  bow 
tbe  second  solution  could  cuter  the  i)ores  already  filled  with  the  solu- 
tion of  sulphate  of  copper,  and  where  the  chloride  of  barium  reached 
the  first  solution  it  left  chloride  of  copper,  the  value  of  which  as  an 
antiseptic  is  uncertain,  and'some  sulphate  of  barium  inside  of  the  wood, 
which  could  do  neither  good  nor  barm.  The  treatment  of  the  paving 
blocks  at  Cleveland  was  evidently  more  rational,  because  by  the  Bou- 
cherie  process  the  wood  was  well  impregnated  with  sulphate  of  copper, 
and  the  soaking  in  chloride  of  barium  only  produced  an  interchange 
near  the  ends,  where  the  formation  of  the  insoluble  sulphate  of  barium 
was  of  the  greatest  benefit  in  stopping  up  the  pores  to  some  extent, 
and  if  not  jireventing,  at  least  impeding,  the  ingress  of  water  and  the 
washing  out  of  the  sulphate  of  copper  from  the  inside. 

Mr.  Thilmany  later  used  sulphate  of  zinc,  instead  of  copper,  in  connec- 
tion with  chloride  of  barium,  but  the  i)rocess  does  not  appear  anymore 
rational.  If  the  interchange  of  the  chemicals  throughout  the  lumber 
could  occur,  it  would  leave  the  wood  impregnated  with  chloride  of  zinc 
and  sulphate  of  barium ;  but  as  such  a  comi)lete  interchange  is  im- 
l)ossible,  part  of  the  sulphate  of  zinc  would  undoubtedly  remain  un- 
changed, and  as  its  antiseptic  x>owers  are  not  established,  the  result  as 
to  I) reservation  must  be  uncertain. 

2.  The  Wellhouse  Process. — Another  device  for  preventing  the  removal 
of  the  zinc  chloride  has  been  invented  by  Mr.  Wellhouse  and  is  exten- 
sively used.  It  is  based  on  the  fact  that  glue  and  tannin,  brought  to- 
gether in  proper  i^roportions,  will  form  a  substance  resembling  leather. 
The  timber  is  steamed  in  the  usual  manner,  inclosed  in  a  vacuum,  then 
impregnated  by  pressure  with  a  solution  consisting  of  chloride  of  zinc 
and  glue,  and  afterwards  subjected  to  a  bath  of  tannin  under  pressure. 
The  impregnation  with  glue,  it  is  claimed  by  the  president  of  the  com- 
pany using  this  i)rocess,  will  destroy  all  tannic  acid  within  the  wood. 
But  the  benefit  derived  from  this  chemical  combination  is  not  appar- 
ent, since  tannin  is  rather  a  preservative  than  otherwise.  The  bath  of 
tannin,  the  president  further  states,  precipitates  the  glue  remaining  in 
the  outer  pores  of  the  wood,  retaining  a  greater  percentage  of  chloride 
of  zinc  in  the  wood  than  would  be  the  case  if  it  were  simply  Burnett- 
ized.  But  while  the  latter  claim  may  be  substantially  correct,  it  remains 
to  be  seen  whether  the  introduction  of  an  uncombined  organic  substance 
into  the  inside  pores  will  prove  favorable  to  preservation. 

The  question  whether  tbe  zinc  tannin  process  gives  better  results 
than  the  ordinary  Bethell  process  will  be  decided  within  a  few  years, 
as  a  number  of  works  for  treating  ties  by  this  process  have  lately  been 
constructed  by  tbe  Atchison,  Topeka  and  Santa  Fe  Eailroad  at  Las 
Vegas,  N.  Mex.,  and  by  the  Union  Pacific  Ilailroad  at  Laramie,  Wyo., 
and  the  process  is  also  used  for  preserving  ties  for  several  railroad 
companies  at  the  Chicago  works  of  the  company. 
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Tho  works,  at  Santa  Fd,  which  have  within  a  year  been  erected  on  the 
plans  and  partly  under  tho  supervision  of  Mr.  O.  Chanute,  C.  E.,  are 
constructed  and  operated  in  accordance  with' all  the  requirements  of  the 
best  modern  i)ractice.  At  the  Las  Vegas  works  an  accurate  and  full 
record  is  being  kept  of  all  the  operations  and  of  all  expenditures,  more 
complete  than  has  ever  been  approached,  so  far  as  I  know,  in  this  or 
probably  any  other  country,  and  which,  when  published  in  full,  will 
give  more  trustworthy  information  as  to  the  cost  of  wood  i)reservation 
than  has  heretofore  been  obtainable.  ♦ 

The  data  contained  in  these  reports,  which  have  been  kindly  fur. 
nished  to  me  through  Col.  Edgar  T.  Ensign,  forestry  commissioner  of 
Colorado,  have  been  very  useful  in  determining  the  comparative  cost  of 
the  several  processes  now  in  use  for  the  preservation  of  wood. 

Whether  the  use  of  glue  and  tannin  in  connection  with  the  zinc 
chloride  will  prove  a  success  or  not,  the  works  erected  under  Mr.  Cha- 
nute's  directions,  and  the  methodical  system  of  operating  them  initi- 
ated by  him,  will  do  as  much  for  the  proper  preservation  of  timber  by 
mineral  salts  as  Andrews,  at  Boston,  and  J.  W.  Putnam,  in  the  South, 
have  done  for  the  proper  application  of  the  creosoting  process. 

3.  The  Zinc  gypsum  Process. — The  process  was  patented  by  Mr.  Hagen, 
of  Saint  Louis,  and  is  used  by  the  American  Wood  Preserving  Com- 
pany. In  this  process  the  timber  is  impregnated  with  a  solution  con- 
taining l5okh  chloride  of  zinc  and  gypsum.  When  the  water  of  the  so- 
lution evaporates  the  gypsum  crystallizes  and  is  expected  to  stop  ui) 
the  pores  of  the  wood,  and  thus  prevent  the  washing  out  of  the  zinc- 
chloride.  The  question  arises,  whether  a  substance  soluble  in  water  to 
some  extent  like  gypsum  can  be  expected  to  permanently  stop  up  the 
pores  of  the  wood  against  the  ingress  and  egress  of  water.  It  seems 
hardly  possible  that  the  gypsum  would  answer  the  purpose.  The  best 
that  can  be  said  for  this  process  is,  that  if  the  addition  of  gypsum  does 
no  good  it  cannot  do  harm,  and  that  if  the  wood  is  impregnated 
thoroughly  with  a  solution  of  chloride  of  zinc  and  gypsum  it  will  last  as 
well  at  least  as  wood  simply  Burnettized. 

4.  The  Zinc  Creosote  Process. — A  process  has  lately  been  proposed  by 
Mr.  Jas.  T.  Card,  President  of  the  Wood  Preserving  Works  at  Chicago, 
111.,  viz :  To  impregnate  the  timber  first  with  chloride  of  zinc,  and  after 
partially  removing  the  moisture  from  the  wood  to  inject  dead  oil  through 
the  outer  portions  of  it,  thereby  securing,  as  Mr.  Card  states,  "  all  the 
benefits  derived  from  the  oil  when  lumber  comes  into  contact  with  the 
ground,  as  well  as  insuring  thorough  treatment  of  tho  wood,  through 
chloride  of  zinc,  which  is  protected  by  the  oil  surrounding  it,  thus  pre- 
venting its  being  chemically  changed  or  washed  out." 

The  process  seems  rational,  and  would  probably  answer  a  good  pur- 


88 

poso,  if  the  necessary  time  and  money  can  l)e  spared  to  thoroughly  dry 
the  timber  alter  impregnating  it  with  zinc  chloride,  and  before  injecting 
the  oil. 

COST    OF    PRESERVATION. 

In  order  to  make  a  fair  comparison  of  the  cost  of  treatment  with  the 
different  antiseptics  now  iniise,  I  will  assume  that  the  same  kind  of 
timber  and  the  same  form,  viz,  that  of  hard  railroad  ties,  each  contain- 
ing 3.5  cubic  feet,  is  to  be  treated,  and  that  the  quantity  of  antiseptic 
solution  used,  and  the  strength  of  the  solution,  are  to  be  in  conformity 
with  the  best  i)ractice,  as  developed  by  experience  in  plants  of  given 
size. 

a.  Crcosoting. — Assuming  that  two  injection  cylinders  are  to  be  used, 
each  100  feet  long  and  6  feet  in  diameter,  the  total  volume  of  eaeh 
cylinder  will  be  2,800  cubic  feet,  and  it  will  have  a  capacity  of  nearly 
1,400  cubic  feet  of  timber  (making  allowance  for  volume  of  cars  and 
interstices).  The  total  plant  required  would  cost,  say,  $80,000.  If  it 
takes  twelve  hours  for  a  run,  5,000  cubic  feet,  or  J, 600  ties  (of  3.5  cubic 
feet  each),  can  be  treated  i^er  day;  or,  say,  500,000  ties,  or  1,750,000 
cubic  feet,  can  be  treated  in  a  year. 

Taking  the  interest  on  capital  (iucluding  repairs  and  renewal)  at  10 
per  cent.,  the  item  of  interest  on  plant  will  be  $8,000,  or  l.G  cents  per  tie. 

Assuming  the  proper  quantity  of  dead  oil  at  7  i^ounds  per  cubic  foot, 
or  24.5  i^ounds  per  tie,  and  the  cost  of  the  oil  at  0.8  cents  per  pound, 
the  cost  of  material  will  be  19.6  per  tie. 

The  cost  of  labor  and  fuel  chargeable  to  treatment  alone,  judging 
from  the  accounts  kept  at  Las  Vegas,  may  be  taken  at  about  $^5  per 
run,  or,  as  400  ties  are  treated  at  once,  3.75  cents  per  tie,  or  1.07  cents 
l>er  cubic  foot  of  timber.  The  total  cost  of  creosoting  a  tic  would  be, 
therefore : 


Per  tic. 

Per  cubic 
foot. 

Interest  on  capital.. 

Cents. 
1.6 
19.6 
3.75 

Cents. 
0.4G 
5.6 
1.07 

Labor  and  fuel 

Total 

25.00 

7.1 

The  cost  of  transporting  the  ties  to  and  from  the  works  would  of 
course  have  to  be  added,  and  profit,  if  the  work  is  done  by  contract.* 

I  may  mention,  that  the  above  price  for  the  dead  oil  is  smaller  than 
has  been  generally  assumed,  this  because  lately  I  have  bee;:  offered 
dead  oil  at  ^  of  a  cent  per  pound.  At  that  price  the  cost  of  creosoting 
would  be  only  about  14 J  cents  per  tie. 

If  i)iles  or  timber  were  to  be  creosoted  and  impregnated  with  20 
])oands  per  cubic  foot,  it  would  take  about  sixty  Hours  for  a  run,  and  the 

*  See  note  of  cost  of  creosoting  in  Franco  on  page  78. 
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total  imiiiber  of  runs  per  anuuin  would  be  240  (with  2  cylinders) ;  the 
number  of  cubic  feet  of  timber  treated  per  aunum,  350,000 ;  the  labor 
aud  fuel  per  ruu,  $G0,  and  the  total  cost  of  treating  1  cubic  foot  of  tim- 
ber: Interest  on  plant,  3^^^0=2.8 cents  per  cubic  foot;  material (20 
pounds  at  0.8  cents),  IG.O  cents ;  labor  and  fuel,  4.3  cents ;  total,  22,6 
cents,  or  about  $19  per  1,000  feet  13.  M. 

b.  Kyaniz'mg. — If  the  impregnation  is  to  be  carried  out  in  the  ordi- 
nary way,  by  steeping,  and  if  the  works  are  to  be  of  sulBcicnt  capacity 
to  treat  250,000  ties  per  annum,  or,8a3',  800  ties,  equal  to  2,800  cubic  feet 
of  timber  per  day,  and  if  the  steeping  is  to  be  continued  for  7  days, 
there  must  be  tank  room  for,  say,  20,000  cubic  feet  of  timber.  Allow- 
ing 1.3  cubic  feet  of  tank-room  for  1  cubic  foot  of  timber,  the  total 
capacity  of  the  tanks  required  will  bo  26,000  cubic  feet,  aud  if  tanks  50 
feet  long,  7.5  feet  wide,  5  feet  deep  are  used,  about  14  tanks  will  be  re- 
quired. 

The  plant  would  cost  probably  $10,000,  and  on  250,000  ties  the  charge 
for  interest  on  plant  would  be  (at  15  per  cent,  in  repair  and  renewal) 
0.0  cents  per  tie. 

If  0.06  i>ound  of  bichloride  of  mercury  is  used  per  cubic  foot,  or  0.21 
pound  per  tie  (of  3.5  cubic  feet),  and  the  sublimate  costs  50  cents  per 
pound,  the  cost  of  material  is  50  x  0.21=10.5  cents  per  tie.  Labor  and 
fuel  would  be  about  3.5  cents  per  tie,  aud  the  total  cost  of  Kyanizing : 


Per  tie. 

Per  onbic 
foot. 

Cents. 
0.6 
10.5 
3.5 

Cents. 
0.17 
3.00 
i.no 

Material 

Labor  iand  fuel 

Total 

'             -  '    1 

14.6 

4.17 

Bridge  timber  would  have  to  be  steeped  during  two  weeks,  instead  of 
one,  and  as,  therefore,  only  half  so  much  lumber  could  be  treated  as  in 
the  ca&e  of  ties,  the- interest  on  capital  would  be  doubled,  the  cost  of 
material  and  labor  remaining  the  same;  the  cost  of  treatment  per  cubic 
foot  would,  therefore,  be  increased  only  about  one  twenty-fifth,  and 
would  be  4.34  cents  per  cubic  foot. 

c.  Chloride  of  Zinc. — If  ties  are  to  be  impregnated  by  steaming,  vacu- 
um, and  pressure,  the  cost  of  plant  required  (in  connection  with  two 
injecting  reservoirs)  is  about  $40,000.  Assuming  the  time  used  for  one 
inn  at  10  hours,  60  runs  could  be  made  per  month  with  each  cylinder, 
or  120  runs  with  the  two  cylinders,  or  1,450  runs  per  aunum.  Taking 
100  ties  per  run,  the  total  number  of  tics  which  could  be  treated  in  a  year 
would  be  580,000,  equal  to,  say,  2,000,000  cubic  feet  of  timber.  Allow- 
ing 10  per  cent,  interest  on  cost  of  plant  will  give  $4,000, or  M}CSoP=<>-GO 
per  tie,  or  0.2  per  cubic  foot.  The  cost  of  concentrated  chloridi^  of  zinc 
(spi'cific  gravity  1.5)  is  r.bout  $2.60  per  cubic  foot.    If  the  solution  has  a 
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stiengtli,  1  in  CO,  1  cubic  foot  of  it  will  cost  4..'3  cents,  and  if  the  wood 
takes  up  33  per  cent,  (by  vol.)  of  the  solution  per  cubic  foot,  it  will  re- 
quire J  cubic  foot  of  the  weak  solution,  costing  4.3,  ff§=1.44  cents  per 
cubic  foot  of  lumber,  or  5  cents  per  tie.  Labor,  at  $10  per  run,  will  cost 
$14,500  or  0.72  cent  per  cubic  foot,  or  2^  cents  per  tie.  Tiie  total  cost 
of  this  mode  of  preservation  will,  therefore,  be: 


Per  tio. 

Per  cubic, 
foot 

Iiit«re.st  ou  plant 

Material 

1 
0.  C9                  0. 2 
5.04                  1.4 
2.52  t               0.7 

1 

Total 

8.25 

2.3 

d.  Zinc  Tannin. — If,  in  addition  to  chloride  of  zinc,  glue  and  tannin 
are  used,  the  cost  of  material  is  increased  by  2.5  cents  per  tie,  and  the 
cost  of  labor  and  fuel  |,  or  0.5  cents  per  tie,  making  the  total  cost  11.25 
cents  i^er  tie,  or  3.2  cents  per  cubic  foot. 

e.  Sulphate  of  Copper. — If  a  solution  of  sulphate  of  copper,  1  in  100, 
was  to  be  injected  by  the  same  process,  the  change  in  cost  wouUl  be  in 
interest  on  jilant  and  cost  of  material.  As  such  works  would  cost  about 
$00,000,  the  item  of  interest  would  be  increased  by  one-half.  As  to 
cost  for  materials,  sulphate  of  copper  can  now  be  bought  at  7  cents  per 
pound.  Adding  99  pounds  of  water,  100  pounds,  or  1.5  cubic  feet  of, 
the  solution  will  cost  7  cents,  or  1  cubic  foot,  4.G  cents. 

Again,  if  one-third  cubic  foot  of  the  solution  be  injected,  the  cost  of 
material  per  cubic  foot  of  wood  will  be  1.5  cents,  and  the  cost  per  tie, 
5.25  cents.    The  total  cost  of  preservation  would  then  be: 


Por  tie. 

Per  cubic 
foot. 

1.05 
5.25 
2.5 

0.3 
1.5 

0.7 

Total   

8.80 

2.5 

/.  Solutions  of  Chloride  of  Zinc,  or  Sulphate  of  Copper,  injected  by  the 
Boucherie  Process. — To  treat  800  ties  per  day  with  zinc  direct  (pressure) 
by  the  Boucherie  process,  would  require  an  investment  of  capital  of 
about  $5,000.  The  interest  on  this  sum,  at  20  per  cent,  (including  re- 
pairs and  renewal),  would  be  $1,000,  or  on  250,000  ties,  0.4  cents  per  tie. 

The  quvintity  and  cost  of  the  chloride  of  zinc  and  sulphate  of  copper 
would  be  the  same  as  Avhen  treated  by  the  modern  i)rocess,  plus  one- 
qu.arter  for  loss  of  solution  from  treating  round  sticks  and  from  leak- 
age.   The  labor  would  be  3.}  cents  per  tie,  and  the  totjil  cost: 
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ANTISEPTIC. 


Chloride  of 

ziuc. 

Sulphate  of 
copper. 

Per  tie. 
0.40 
6.25 
3.50 

Per  tie. 
0.40 
0.50 
3.50 

Total 

10.35 

10.40 

If  the  impregnation  is  to  bo  produced  by  suction,  the  cost  of  plant 
will  be  $12,000,  the  cost  of  the  antiseptic  the  same  as  before,  and  the 
cost  of  labor  also  the  same,  since,  although  it  requires  two  men  to  attend 
to  the  same  number  of  logs  which  one  man  can  attend  to  in  the  direct 
Bouchcric  process,  the  treatment  is  completed  in  half  the  time. 

The  cost  of  preservation  by  this  method  is,  therefore,  as  follows : 

ANTISEPTIC. 


Chloride  of  zinc. 

Sulphate  of  copper. 

Per  tie. 

Per  cnhic 
foot. 

Per  tie. 

Per  cnbic 
foot. 

1  ntorost.,  repairs,  and  renewal,  20  per  cent . 

0.08 
0.25 
3.50 

0.28 
1.80 
1.00 

0.96 
C.  50 
3.50 

0.28 
1.00 
1.00 

Labor 

Total 

10.  71 

3.08 

11.22 

3.18 

UecapHulation  of  cost  of  prescr cation  of  railroad  tics  loiih  different  antiseptics  and  methods, 
[Volume  of  ties,  3.5  cubic  feet.] 


Antiseptics. 

'Method  of  treatment. 

Total  cost. 

Per  tie. 

Per  cubic 
foot. 

1.  Dead  oil  

Modem  method 

25.00 
14.60 
08.25 
11.25 
08.80 
10.15 
10.46 
10.71 
11.22 

7.13 
4.17 
2.30 
3.20 
2.50 
2.90 
3.00 
3.0-t 
3.18 

2.  Uichlorido  of  mercury 

Modern  process 

Modern  process 

Modern  process 

Direct  Boucherio . 

Direct  Boucherie 

Boucherio  (suet. ) 

Bouchcrie  (suet.) 

4.  Cbloiido  of  ziuc  and  tannin  .. 

As  before  stated,  these  estimates  do  not  embrace  the  hauling  of  ties 
to  and  from  the  works.  If  the  ties  are  destined  for  a  new  road  just 
built,  the  i)reservation  of  ties  by  processes  2,  C,  7,  8,  9,  in  which  the 
plant  can  be  moved  from  one  place  to  another,  saves  the  carrying  of  the 
ties  to  distant  works  for  treatment.  No.  2,  however,  requires  seasoiu  d 
wood,  and  does  not,  therefore,  offer  as  great  advantage  as  the  others. 
The  entire  cost  of  this  transportation  might,  in  some  eases,  amount  to  5 
or  even  10  cents  per  "jie. 


CONCLUSION. 


IJy  Howard  Constablk,  C.  E. 


Tbo  practicability  aud  economy  of  wood-preservation  have  been 
broug^bt  in  question  often,  because  tlie  processes  have  been  conducted 
by  dishonest  contractors  or  have  been  based  upon  some  unwarrantable 
theory  rather  than  ui^on  any  scientific  principles.  Nevertheless  many 
successes  have  been  achieved,  and  improvements  have  been  made  in 
the  details  of  treatment  and  in  mechanical  contrivances  to  meet  the 
conditions  peculiar  to  this  country.  The  follwing  table*  of  experiments, 
in  addition  to  those  mentioned  by  Ool.  Flad,  is  certainly  encouraging-. 

Both  here  and  abroad  the  durability  of  wharf  and  other  timber  sub- 
ject to  severe  exposure  has  been  aud  can  be  at  least  doubled.  The 
durability  of  piles  and  other  timber  subject  to  the  attacks  of  the  sea- 
worm  Teredo  can  be  prolonged  three  or  four  times.  The  possible  econ- 
omy resulting  from  the  use  of  treated  Hemlock  ties,  instead  of  White 
Oak  in  their  natural  condition,  has  been  estimated  by  Mr.  O.  Chanute 
as  follows :  For  a  road  with  about  2,000  miles  of  track,  containing  about 
5,000,000  ties,  $250,000  in  first  cost  every  twelve  years,  and  $250,000 
each  year  in  the  average  charge  for  renewal  of  ties.  Some  moderate- 
sized  roads  use  as  maily  as  400,000  ties  a  year,  and  have  to  get  from 
one-quarter  to  one-half  of  them  from  other  territory  than  their  own, 
which,  of  course,  results  in  the  railroads  putting  great  obstructions  to 
tlio  shipping  of  tics  out  of  their  own  region,  and  necessitates  going  to 
great  distances  for  the  extra  supply. 

A  few  are  familiar  with  all  these  facts,  but  the  majority,  and  the 
economists  or  business  men,  frequently  realize  them  only  partially,  and 
do  not  appreciate  the  importance  of  the  subject  to  themselves.  Wo 
shall  be  accomplishing  much  if  we  aid  in  giving  these  persons  a  com- 
prehensive and  clear  idea  of  it  in  its  general  bearings. 

One  of  the  first  things  to  be  clearly  understood  is  that  the  field  of 
WDDd-preservation  is  a  very  large  one,  embodying  many  natural  and 
a  tificial  conditions  somewhat  diiierent  in  each  particular  locality  and 
case.  Everyone  cannot  preserve  wood  with  advantage.  It  cannot  yet 
be  done  cheaply  enough  for  ties  on  a  new  road  in  a  heavily  wooded 
district,  any  iiiore  than  we  could  use  stone  for  depots  in  such  a  region 

»  See  p.  98.  ' 
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Nor  is  there  any  "  ciireail  "  process  by  wiiicli  any  wood  for  any  and 
every  purpose  can  be  preserved.  Piles,  which  are  cut  to  pieces  by  tins 
Teredo  within  two  years,  require  dili'ereiit  treatment  from  ties  to  be 
phiced  in  an  ordinary  roadbed,  as  the  method  of  handling  and  trans- 
porting perishable  freight  must  differ  from  that  of  ordinary  freight,  ne- 
cessitating more  care  and  expense.  Any  system  to  be  adapted  to  a 
variety  of  work  and  to  give  promise  of  economical  results  must  have 
the  harmonious  co  operation  of  all  concerned  in  its  operations  and 
faithful  attention  to  details.  Each  one  in  any  way  connected  with  the 
work  should  have  a  general  understanding  of  it,  and  a  precise  knowl- 
edge of  his  own  particular  duties  and  the  limits  to  be  observed.  If  this 
is  not  the  case  the  purchasing  agent  may  contract  for  timber  quite  un- 
suited  to  the. purpose  for  which  it  is  procured ;  the  superintendent  may 
overlook  the  importance  of  ample  facilities  of  operation;  the  engineer 
may  not  comprehend  the  degree  of  treatment  required,  and  the  in- 
spector and  workmen  may  become  careless  and  so  ruin  the  work. 

The  need  of  intelligent  co-operation  is  here  emphasized  because  it 
has  been  neglected  frequently  and  caused  processes  in  tiiemselves  good 
to  be  attended  with  unsatisfactory  results. 

If  a  business  man — the  i)resident,  perhaps,  of  some  companj' — thinks 
the  subject  of  wood-preservation  may  iiave  iji  it  some  benefit  for  him, 
or  those  whom  he  represents,  his  main  inquiries  are,  What  does  it 
amount  to?  Will  it  pay?  Will  it  make  a  consjiicuous  item  of  econ- 
omy I  How  will  it  affect  our  policy  and  dealings  with  others?  Is  it 
practicable  in  our  case? 

The  manager  asks  somewhat  the  same  questions,  but  inquires  fur- 
ther. What  are  the  conditions  and  necessities  in  our  case  ?  What  is 
the  best  process  and  its  cost?  What  are  the  conditions  for  success? 
What  facilities  have  we?    What  rules  shall  be  laid  down  ? 

The  engineer  or  foreman  in  charge  wishes  to  know  what  precisely  is 
the  composition  of  each  ingredient,  what  is  the  order  and  time  of  each 
step  in  the  process,  what  are  the  requisites  and  facilities,  and  what 
standard  must  be  exacted  in  order  to  insure  success. 

Thus  it  becomes  plain  how  the  physical  and  commercial  divisions  of 
the  subject  interlace  and  require  to  be  in  accord.  In  order  to  select  a 
process  and  lay  down  rules  for  the  guidance  of  all  connected  with  it,  it 
is  necessary  to  decide  what  puipose  and  exposure  the  wood  is  to  be 
subject  to,  then  to  ascertain  accurately  all  the  conditions  which  prevail 
in  the  special  case,  and  to  determine  the  length  of  life  that  should  be 
secured.  Questions  like  the  following  will  come  up  naturally  and  al- 
most necessarily  for  answer :  What  is  the  name,  quality,  and  cost  of  the 
*wood  to  be  used ;  its  use  and  exposure ;  nature  of  soil  and  water;  av- 
erage length  of  life;  sources  of  injury,  such  as  Teredo,  notching  and 
framing,  cutting  by  the  rail,  etc. ;  destroyed  by  what?  Cost  of  renew- 
als. Available  woods  for  treatment.  Cost  of  the  same.  Trobable 
quality  and  condition.    Keceiving  i>oint.    Distributing  point.     Location 
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for  [)ieserving-\voiks.     Oai)iicity  of  plant.     Cost  of  i)lant.     Cost  of  op- 
erating. 

1  may  bo  periuitteil  to  quote  from  tUo  recent  and  very  instructive  re- 
port on  the  i)reservatiou  of  timber,  made  in  1S85,  by  a  committee  of  the 
American  Society  of  Engineers,  after  a  careful  and  protracted  examina- 
tion of  the  subject : 

"In  view  of  the  differing  cost  of  the  various  antiseptics  used,  and  of  the  price  of 
timber  lu  this  country,  wliero  it  is  still  much  cheaper  than  in  Europe,  wo  believe  that 
tlie  method  to  be  selected  for  preserving  wood,  if  any,  depends  almost  wholly  upon  its 
proposed  subsequoLt  exposure. 

"  If  the  timber  is  to  be  exposed,  in  sea  water,  to  the  attacks  of  the  Teredo  navalis  and 
Limnoria  terthrans,  there  is  but  one  antiseptic  which  can  bo  used  with  our  present 
knowledge.  This  is  creosote  or  '  dead  oil,'  and  the  amount  of  it  necessary  depends 
upon  the  activity  of  the  Teredo,  or  rather  upon  the  length  of  time  dqring  the  year 
when  the  temperature  of  the  water  renders  them  active. 

"In  our  northern  harbors,  probably  10  to  12  pounds  of  creosote  to  the  cubic  foot  of 
timber  are  sufficient,  but  in  southern  seas  it  is  probably  necessary  to  inject  from  14 
to  20  pounds  per  cubic  foot. 

"Whether  it  will  pay  to  do  this  depends  upon  so  many  local  circumstances  in  each 
case  that  this  cannot  well  be  discussed  hero.  If  the  timber  is  to  be  exposed  in  a  very 
wet  situation,  creosoting  is  also  the  best  process  to  use.  It  will  cost  from  $10  to  $20 
per  1,000  feet,  b.  ui.,  or  35  to  GO  cents  per  tie. 

"The  selection  of  the  oil,  as  well  as  the  quantity,  is  of  importance.  It  was  for- 
merly believed  that  the  antiseptic  properties  of  dead  oil  arose  from  the  presence  of  car- 
bolic and  cresylic  acid,  but  a  very  able  paper  by  Mr.  S.  B.  Boulton,  the  lea<ling  au- 
thority on  creosoting  in  England,  read  before  tht)  British  Institution  of  Civil  Engi- 
neers in  18S4,  seems  to  establish  the  fact  that  the  preserving  properties  of  dead  oil, 
aside  from  the  mechanical  effect  in  keeping  out  moisture,  are  chiefly  due  to  'acri- 
dine,'  or  one  of  the  alkaloids  or  bases  now  known  to  exist  in  creosote  oils. 

"If  the  exposure  is  to  be  that  of  a  railroad  tie,  creosoting  is  doubtless  the  most 
perfect  process  to  use;  but  in  view  of  the  expense,  it  may  bo  preferable  to  use  a 
cheaper  process,  dependent  somewhat  upon  the  location,  as  away  from  the  seaboard 
creosote  is  not  available,  and  transi)ortation  is  expensive." 

"  Sleepers  of  Baltic  Fir,  unprepared,  9  feet  long  and  10  x  5  inches,  generally  cost,  in 
England,  abont  90  cents  each,  unloaded,  grooved,  and  piled;  and  creosoting  adds 
about  24  cents  to  this.  So  that  the  sleeper  costs  about  $1.14  ready  to  go  into  the 
track,  and  is  there  laid  with  a  chair  under  the  double-headed  rail,  so  that  the  latter 
docs  not  cut  into  the  wood.  These  sleepers,  therefore,  last  18  to  20  years,  while  in 
this  country  they  would  probably  bo  cut  into  by  our  foot-rail  in  from  12  to  IG  years  ; 
and,  moreover,  as  the  first  cost  of  our  ties,  of  corresponding  timber,  say  hemlock  or 
jiiountain  pine,  is  only  from  25  to  35  cents,  we  cannot  afford  to  spend  an  equal  sum  in 
preserving  them  ;  and  creosoting  is  notoriously  more  expensive  hero  than  in  England. 

"With  our  present  knowledge,  and  as  a  result  of  this  investigation,  wo  believo 
that  Burnottizing  is  the  advisable  process  to  use  for  ties  at  i)resent  in  this  country. 
This,  if  well  done  (and  it  is  nearly  useless  to  do  it  otherwise),  will  cost  20  to  25  cenls 
l»er  tie,  and  a  discussion  of  the  economical  results  to  be  expected  therefrom  will  bo 
found  in  Appendix  No.  17. 

"Good  results  may  bo  accomplished  with  sulphate  of  copper,  but  not  only  does  this 
salt  render  wood  brittle  (more  so,  it  is  believed,  than  chloride  of  zinc),  but  as  the 
copper  attacks  iron  vessels,  its  use  necessitates  preserving  cylinders  of  copper,  and 
requires  an  expensive  plant. 

"  The  great  defect  of  all  mineral  salts  is  that  they  are  easily  soluble  in  water,  and 
HO  wash  ont  in  time,  and  leave  the  timber  unprotected.  Henco  the  many  attempts  to 
patent  some  method  of  retaining  them  in  the  wood.    What  these  may  be  worth  must 
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be  detenu iiicil  by  time,  but  tbo  desirublu  coiubiuation  tut*  this  couutry  would  isoum  to 
bo  tbo  iuiprognatiou  of  tho  inside  of  the  tie  with  some  uiutullic  salt  to  poison  tbo 
germs  of  decay,  and  a  thiu  coat  of  creosote  outside  to  repel  the  intrusiou  of  moisture. 

"If  the  timber  is  to  be  exposed  iu  a  comparatively  dry  situation,  as  in  bridges,  a 
trestle,  or  a  fence,  the  results  of  this  investigation  indicate  that  Kyanizing  is  a  good 
l»roccs8  to  use.  It  does  not  seem  to  impair  tbo  strength  of  the  timber  as  much  as 
Buruettizing,  and  the  latter  accordingly  is  not  recommended  for  those  parts  of  struct- 
ures (chords,  tics,  etc.)  which  are  to  bear  tensile  strains. 

"Kyanizing  costs  about  $6  per  1,000  feet,  b.  m.,  and  success  with  it  cannot  be  ex- 
pected unless  the  work  bo  well  done.  Caution  will  need  to  be  observed  iu  carrying 
it  on,  as  corrosive  sublimate  is  a  violent  poison. 

''Conditions  of  success. — Your  committee  will  therefore  attempt  tostate  the  principal 
conditions  to  be  observed  to  achieve  success,  so  far  as  they  have  been  disclosed  by  this 
investigation. 

"(1)  Select  the  appx'opriate  process,  iu  view  of  the  subsequent  intended  exposure 
of  the  timber. 

"  (2)  Select  the  more  open-grained,  porous,  and  sappy  varieties  of  wood  to  operate 
upon. 

"Antiseptics  iienetrato  but  little  into  the  dense  structure  of  White  Oak,  Burr  Oak, 
and  Yellow  or  Heart  Pine,  and  are  of  doubtful  utility  for  White  Pine,  Chestnut,  or 
Spruce,  while  they  readily  impregnate  and  i)re8erve  the  following  vHrieties  of  wood  : 
Heudock,  Sweet  Gum,  Mountain  Pine,  Loblolly  Pine,  Black  Oak,  lied  Oak,  Gray  Oak, 
Water  Oak,  Beech,  Poplar,  Ash,  Sour  Oak,  Cottonwood,  Maple. 

"The  cheap  woods,  on  the  contrary,  can  be  made  to  outlast  the  best  woods  iu  their 
natural  state  bj'  a  thorough  artificial  preparation. 

"  For  railroad  ties  it  will  be  advisable  to  select  the  harder  kinds  of  wood  to  guard 
them  against  cutting  into  by  the  rails,  esiiecially  upon  curves.  Preservatiou,  how- 
ever, materially  adds  to  the  natural  hardness  of  timber,  and  it  is  found  to  resist  cut- 
ting by  the  rail,  under  ordinary  traffic,  from  1:3  to  16  jears. 

"  (4)  Extract  the  saj)  and  water,  as  far  as  practicable,  before  injecting  the  preserva- 
tive. It  is  obvious  that  a  liquid  solution  cannot  be  forced  in  unless  there  is  a  place 
for  it,  and  yet  most  of  tho  failures  of  valuable  methods  can  be  traced  to  neglect  of 
this  obvious  requirement.  Timber  miist  be  well  seasoned  either  naturally  or  artifici- 
ally before  the  antiseptic  is  injected,  except  iu  the  case  of  the  Boucherie  process, 
which  can  only  be  applied  to  freshly  cut  logs. 

"The  Europeans  operate,  as  has  been  stated,  u^jon  timber  which  has  been  cut  and 
seasoned  six  months  or  more,  and  hence  they  find  little  trouble  in  injecting  the  so- 
lutions. In  this  couutry  we  must  operate  chiefly  upon  green  or  freshly  cut  tim- 
ber, and  hence  must  resort  to  steaming,  if  we  use  the  pressure  method  of  injection. 
Very  good  results  are  acomplished  by  steaming,  but  tho  work  must  be  well  don«-, 
and  at  such  heat  and  pressure  as  not  to  injure  the  fiber. 

"  (5)  Put  in  enough  of  the  antiseptic  to  accomplish  the  desired  result,  and  make  sure 
that  its  quality  and  strength  are  such  as  neither  to  injure  the  fiber  of  the  wood  nor 
to  leave  it  unprotected. 

"  (0)  After  the  wood  is  j)rei)ared  allow  it  to  dry  as  much  as  practicable  before  using. 
Its  durability  will  be  materially  increased  by  getting  rid  of  surplus  moisture. 

"  (7)  Let  there  be  no  undue  haste  in  carrying  on  the  work.     This  is  sure  to  result  iii 
unsatisfactoiy  preparation. 
J     "(8)  In  laying  i>repared  ties  or  timber  in  the  track  protect  them  from  nu)isture  or 
water,  as  far  as  practicable,  by  draining  the  road-bed. 

"(9)  Contract  with  none  but  reliable  parties.  As  an  inspection  subsequent  to  the 
doing  of  the  work,  short  of  chemical  analysis,  does  not  establish  the  fact  whether  it 
has  been  well  done,  and  the  results  caunot  be  detected  for  some  years,  there  will  al- 
ways be  a  great  temptation  to  do  bad  or  careless  work  under  contracts.  The  safe 
course,  therefore,  for  those  who  decide  to  have  timber  preserved  is  either  : 

"  (o)  To  do  the  work  themselves,  under  the  supervision  of  experts; 
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"  (b)  To  coiUiuct  it  at  a  siiflicicnt  inico  to  honest  and  HkilH'iil  parties,  keciiing  aa 
inspeetor  at  the  works  to  uoto  tho  daily  working  when  tho  luagnitude  of  the  oriler 
will  warrant  it;  or, 

"  (c)  Contract  tho  work  on  such  terms  that  the  profits  shaS  depend  upon  tho  results 
accomplished  in  preserving  tho  wood  against  decay. 

"  IVillitpaijf — Tho  question  as  to  whether  it  will  pay  to  preserve  timber  against 
decay  seems  to  have  been  answered  very  positively  in  tho  affirmative  in  Europe. 
There  seems  to  bo,  indeed,  no  longer  any  question  there  about  it;  preservation  is 
looked  upon  as  quite  a  matter  of  course,  and  public  works  which  fail  to  avail  of  it  are 
alluded  to  as  neglecting  an  important  economy. 

"  In  this  country,  preservation  of  wood  (except  in  an  experimental  way)  has  been 
the  rare  exception,  but  the  time  has  probably  arrived  when,  in  many  sections,  an 
economy  of  20  to  50  i)fcr  cent,  a  year  can  be  obtained  in  the  maintenance  of  timber 
structures  and  cross-ties  by  iiroparing  them  artificially  to  resist  decay,  while  in  other 
sections  timber  is  still  too  cheap  to  warrant  spending  money  to  preserve  it. 

"  This  depends  ui)ou  tho  price.  Thus,  where  a  White  Oak  tic  costs  25  cents  and  lasts 
eight  years,  if  we  spend  25  cents  in  preparing  it  so  that  it  will  last  sixteen  years, 
we  but  double  the  life  as  well  as  tho  cost,  and  save  only  the  expense  of  taking  the 
old  tie  out  and  placing  the  new  tie  in  tho  track  at  the  end  of  the  first  eight  years, 
if  the  price  of  the  ties  in  the  meanwhile  continues  the  same. 

"  If,  however,  the  Oak  tie  costs  75  cents,  and  we  can  substitute  a  Hemlock  tie,  which 
iuii)repared  would  last  three  and  a  half  years,  and  cost  30  cents,  and  by  preparing  it 
extend  its  life  to  twelve  years,  at  an  additional  cost  of  25  cents,  or  even  more,  we 
then  have  a  notable  economy,  both  in  first  cost  and  in  duration. 

"  In  the  case  of  piles,  which  are  cut  off  by  the  Tei-edo  in  one  or  two  years,  as  occurg 
in  our  southern  harbors,  the  case  is  plain.  They  must  be  creosoted,  or  great  waste 
and  increased  expense  will  result.  In  cases  where  they  last  eight  to  ten  years,  as  in 
some  northern  sections,  it  will  depend  partly  upon  the  value  of  tho  structure  which 
the  piles  sustain  whether  it  will  pay  to  creosote  them  or  not. 

"  [u  the  case  of  bridges  and  trestles,  much  will  depend  upon  the  exposure,  and  the 
cost  of  maintenance,  as  well  as  upon  the  proximate  exhaustion  of  suitable  timber  in 
the  vicinity,  and  upon  contemplated  permanent  renewals  ;  while  in  tho  case  of  build- 
ings, platforms,  floors,  &c.,  the  ordinary  wear  from  traffic  will  also  have  to  bo  taken 
into  account. 

"The  most  important  factor  will  be  the  exposure  (wet  or  dry)  and  consequent  rate 
of  decay.  Thus  all  brewers  find  it  very  economical  to  preserve  their  floors;  and  niiilsj 
bleacheries,  dye-houses,  &c.,  largely  resort  to  artificial  preparation  of  timber  because 
of  their  exposure  to  slopping  of  water,  and  consequent  moisture  in  heated  apart- 
ments. 

"The  engineers  and  managers  of  the  several  works,  tJierefore,  will  have  to  figure 
up  for  themselves,  in  view  of  the  local  circumstaaccs  of  their  case  and  tho  present 
and  prospective  price  of  timber,  whether  the  economy  of  artificial  treatment  is  suffi- 
ciently attractive  to  induce  them  to  resort  to  it. 

"The  great  consumers  of  timber  are  the  railroads,  and  tho  managers  of  such  enter- 
prises have  to  be  governed  by  a  good  many  considerations,  both  of  finance  and  of  ex- 
pediency, besides  those  of  eventual  economy. 

"  Hitherto,  aside  from  the  past  cheapness  of  timber,  the  principal  objections  to  its 
preparation  against  decay  have  been  the  lack  of  information  as  to  what  resultscould 
be  confidently  expected,  and  the  conflicting  claims  of  the  jjromoters  of  various  modes 
yf  treatment,  each  of  whom  represented  his  process  as  absolutely  the  best  uudcr  all 
circumstances. 

"Railroad  managers  naturally  want  to  obtain  immediate  returns.  They  do  not 
like  to  burden  the  revenues  of  the  current  year  for  the  benefit  of  future  administra. 
tions,  and  they  are  with  reason  jealous  of  every  dollar  that  goes  out  now,  even  if  it 
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promises  to  save$2  or  $3  in  the  fiitiiro  ;  yot,  now  that  close  compotition  rdquires  overy 
possible  economy  to  bo  availed  of,  thiit  railmails  mnat  more  largely  depend  upon  sav- 
jng  money  in  their  niaintena'ice,  in  order  to  continue  or  to  reaiune  their  dividends, 
and  that  companies  in  good  standing  can  obtain  new  capital  for  expense-saving  ap- 
pliances at  4;^  or  5  per  cent,  a  year,  the  time  has  probably  arrived,  in  view  of  advancing 
prices  and  scarcity  of  timber,  when  some  leading  railroads  will  take  steps  to  pre- 
serve it. 

"Privy  Councillor  Fnuk  estimates  that  in  187d,  out  of  sixty  millions  of  sleepers  on 
the  German  railroads,  twenty-five  millions  were  impregnated,  and  that  oven  with  the 
extraordinary  length  of  life  stated  for  unprepared  ties  (13.G  years  for  Oak  and  6.1  for 
Fir  and  Pino),  had  the  remaining  thirty-five  millions  of  ties  been  impregnated  there 
would  have  been  a  resulting  economy  of  about  $1,000,000  a  year,  or  some  33  per  cent, 
on  the  cost  of  renewals. 

'•  This  estimate  is  understood  as  having  resulted  in  a  material  extension  of  tio-pro- 
scrving  in  Germany,  notwithstanding  the  fact  that  metallic  ties  have  already  been 
largely  inti'oduced  in  that  country. 

"As  regards  the  latter,  a  simple  calculation  shows  that  the  time  has  not  yet  arrived 
when  they  can  profitably  be  introduced  in  this  country.  They  will  cost,  laid  in  tho 
track,  about  $2.50  each,  and  were  they  to  last  forever  (the  estimated  life  in  Germany 
is  twenty  to  forty  years)  tho  interest  on  the  cost,  at  5  per  cent.,  would  be  12^  cents  a 
year  a  tie,  or  more  than  the  annual  charge  of  an  unprepared  White  Oak  tie,  costing  77 
cents  in  the  track,  and  lasting  seven  years.  ^^ 
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REPORT  ON  WOOD-CREOSOTE  OIL. 


By  WlI-LIAM   H.    BlXBY, 

Captain  of  Eii<j;iiH'er8,  U.  S.  A. ; 

Mcnibor  of  tijo  Aineriran,  British,  and  Frencli  Societies  of  Engineers; 

Member  of  the  American  and  British  A.  A.  S. 


riie  SoutlK^rii  Ph\Q{Phins  pahisiris,  Linn.)  Las  already  made  a  brill- 
iant record  for  itself  in  the  past  llirougli  its  valuable  products  in  the 
shape  of  turpentine,  i)itcli,tar,  and  rosin  ;  butthere  remains  for  it  a  much 
more  brilliant  career  in  the  future  through  its  newer  products  wood- 
creosote  oil  t\nd  i)ine-leaf  fiber,  the  oil  being  used  mainly  for  preserving 
lumber,  and  the  fiber  for  the  manufacture  of  pillows,  mattresses,  and 
carpet  matting. 

The  wood-creosote  oil  industry  is  at  present  carried  on  in  the  South 
mainly  by  the  Carolina  Oil  and  Creosoting  Company,  and  Creosote- 
Lumber  and  Construction  Company,  of  Wilmington,  N.  C,  and  the  fol- 
lowing description  of  the  products  and  processes  is  based  upou  the 
practice  of  the  latter  manufactory. 

Creosote  is  a  general  name  applied  to  the  oil  products  obtained  by 
the  destructive  distillation  of  wood,  coal,  and  other  carbonaceous  fuels 
after  the  temperature  has  risen  above  200°  or  300°  F.  If  obtained  by 
the  distillation  of  coal,  or  coal-tar,  this  creosote  is  termed  "dead  oil,"  or 
coal-tar  creosote-oil;  if  obtained  from  the  distillation  of  wood,  or  wood- 
tar,  it  is  termed  wood-creosote  oil. 

Heavy  resined,  "fatty  pine"  wood,  subjected  to  a  heat  of  from  200^ 
to  700°  F.,  within  closed  iron  cylinders,  yields  by  distillation  and  con. 
donsation :  (1)  a  wood-gas;  (2)  a  small  amount  of  wood  naphtha;  (3) 
a  large  amount  of  pyroligneous  acid  ;  (4)  a  large  amount  of  wood-creo. 
sote  oil;  (5)  a  small  amount  of  wood  bitumen  ;  and  (G)  a  Tlarge  amount 
of  charcoal.  Nine  cords  of  good  wood  will  yield  a  few  gallons  of  naphtha 
and  bitumen,  14  barrels  of  oil,  10  barrels  of  acid,  and  1G8  ban'els  of 
charcoal. 

The  wood-creosote  oil  produced  by  this  process  is  a  dark,  brownish, 
black  oil,  slightly  heavier  than  water  (3°  to  4°  Baume),  with  a  strong 
creosote  odor,  and  possessing  valuable  antiseptic  properties.  Upon  an- 
alysis it  is  found  to  contain  about  5  per  cent,  of  tar  acids,  about  15  per 
cent,  of  lighter  oils,  and  80  per  cent,  of  heavy  oils,  which  are  insoluble 
in  ether,  fresh,  brackish,  or  salt-water.  This  oil  is  an  efficient  poison  to 
minute  animal  and  vegetable  life,  and  possesses  an  odor  .ipparently  in- 
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teusely  disagreeable  to  such  life ;  it  tliorouglily  repels  moisture,  and  its 
tar-acids  possess  the  power  of  coagulatiug  albuminous  and  other  fer- 
mentable matter.  When  properly  prepared  for  such  use  it  has  been 
found  to  be  an  excellent  insecticide  to  be  employed  on  trees  and  smaller 
plants,  especially  for  the  destruction  of  larvae  attacking  rose  bushes,  as 
also  for  destroying  vermiij  on  animals,  in  the  cracks  of  floors,  and  in 
wooden  buildings,  and  one  of  the  best  possible  oils  for  preserving  lum- 
ber and  piling. 

Experience  in  England*  and  in  the  United  States!  is  unanimous  in 
agreeing  that  creosoting  is  the  only  reliable  method,  so  far  tried,  for 
preserving  timber  when  exjoosedto  salt  water  (and  the  Teredo  worm), 
or  to  alternations  of  wetting  and  drying  by  either  fresh  or  salt  water. 
This  experience  also  shows  that  the  preservation  of  the  timber  is  due 
mainly  to  those  creosote  oils  which  require  over  400°  F.  for  their  vol- 
atilization, and  that  the  pure  creosote  (with  less  tar-acids  and  with  less 
light-oils)  gives  the  best  results. 

Wood-creosote  oil  is  much  les^i  expensive,  and  in  many  ways  much 
more  valuable,  than  the  ordinary  dead  oil  or  coal-tar  creosote  oil  here- 
tofore used  for  such  i)urposes  as  the  preservation  of  timber.  Wood- 
creosote  oil  contains  all  the  acids  needed  to  properly  coagulate  the  al- 
bumen and  sap  which  may  be  left  in  the  timber,  and  to  thoroughly  de- 
stroy and  prevent  all  further  animal  and  vegetable  life  j  it  is  of  such 
nature  that  it  will  penetrate  the  wood  both  ded^ily  and  thoroughly;  it 
contains  a  large  proportion  of  insoluble  matter,  and  especially  of  those 
oils  which  volatilize  only  under  a  heat  of  over  400°  F. ;  and  being  de- 
rived from  wood,  it  is  especially  adapted  to  use  with  wood. 

In  all  these  particulars,  as  well  as  in  its  less  cost,|  the  resinous  wood- 
creosote-oil  is  superior  to  the  bituminous  coal-tar  creosote-oil  (or  dead 
oil),  and,  dollar  for  dollar,  it  will  give  far  superior  results  in  the  preser- 
vation of  timber  from  destruction  and  decay. 

Applied  with  an  ordinary  brush  to  wooden  or  metal  surfaces  of  all 
kinds,  two  coats  of  this  oil  (with  an  interval  of  two  months  between  the 
applications)  will  efifectually  preserve  these  surfaces  from  wet  and  dry- 
rot,  from  rust,  and  from  the  attacks  of  worms  and  insects.  Forced  into 
the  wood  by  hydraulic  pressure,  this  oil  will  fill  all  the  pores  of  the  wood 
and  extend  its  coagulating  and  antiseptic  effects  entirely  through  the 
wood  to  its  very  center.  The  good  results  obtained  by  the  use  of  this 
wood-creosote  oil  have  been  thoroughly  tested  by  the  experience  of  five 
years  in  Mr.  Mark's  ship-yard,  at  Charleston,  S.  C,  and  at  Mr.  W.  H. 
Northroi)'s  bathhouse,  at  Greenville  Sound,  near  Wilmington,  K  C, 
both  places  being  such  that  untreated  wood  is  badly  damaged  in  a 

*  See  I'roceediugs  of  Institutiou  of  Civil  Engineers  for  1885. 

t  See  Proceedings  of  American  Society  of  Civil  Engineers  for  1885. 

t  It  is  to  be  regretted  that  the  cost  of  treating  wood  with  this  wood-creosote  oil  has 
not  been  given,  so  as  to  admit  of  a  comparison  on  a  financial  basis  with  the  i)roccsso8 
outlined  by  Colonel  Flad.  An  effort  to  obtain  the  same  has  so  far  proved  nnsnccess- 
fnl.— B.  E.  F. 
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single  season  by  rot  ami  by  the  ravages  of  the  Teredo.  A  log  treated 
with  this  oil,  and  driven  into  salt-water,  at  Key  West,  Fla  ,  in  October, 
1885,  by  the  United  States  engineers,  in  February,  1887,  was  found  to 
bo  untouched  by  the  Teredo^  although  untreated  logs  were  attacked 
by  it  in  six  weeks  after  they  were  driven.  Similar  results  were  ob- 
tiiiued  at  about  the  same  time  by  the  United  States  engineers  at  Charles- 
ton, S.  C,  and  at  Pensacola,  Fla. 

The  comparative  invulnerabilty  to  fire  possessed  by  wood  that  has 
been  treated  with  this  oil  has  been  proved  at  the  burning,  in  the  fall  of 
188G,  of  the  Atlantic  and  North  Carolina  Eailroad  wharf,  at  Morehead 
City,  K  C,  where  the  creosoted  fender-piles  remained  almost  without 
damage  by  the  fire,  while  the  wharf  and  shed  next  to  them  were  burned 
down  entirely.  Live  coals  and  ordinary  flames  are  unable  to  kindle  any 
fire  in  wood  imjiregnated  with  this  wood-creosote  oil. 

The  pyroligneous  acid  produced  during  or  just  before  the  distillation  of 
the  wood-creosote  oil  is  alight-colored,viuegar-like  liquid, slightly  heavier 
(4°  to  7°  BauuKi)  than  water,  and  also  slightly  heavier  than  the  wood- 
creosote  oil.  This  pyroligneous  acid,  in  its  crude  and  umliluted  state, 
is  an  excellent  and  inexpensive  disinfectant,  immediately  arresting  pu- 
trefaction and  preventing  any  further  development  of  the  disagreeable 
and  unhealthy  odors  arising  therefrom.  It  is  equally  if  not  more  efli- 
cacious  than  carbolic  acid,  as  well  as  being  free  from  odor,  which  makes 
that  acid  so  disagreeable  (at  least  to  many),  and  it  is  nearly  or  quite 
as  efficacious  as  corrosive  sublimate,  and  is  free  from  the  poisonous 
qualities  of  this  chemical.  It  is  an  excellent  remedy  for  sTiin  diseases 
in  animals;  makes  good  vinegar  and  alcohol,  and  is  said  to  preserve 
meats  for  an  indefinite  time.  As  a  disinfectant  it  has  been  used  in  large 
quantities  and  with  great  success  in  the  streets,  stables,  privies,  etc.,  of 
Wilmington,  N.  C,  under  direction  of  the  city  authorities. 

The  charcoal  produced  by  this  process  is  one  of  fine  quality  and  of 
remarkably  even  texture,  well  adapted  for  use  in  the  smelting  of  iron, 
as  well  as  for  ordinary  fuel.  When  finely  pulverized  (as  at  the  Wilming- 
ton works)  it  can  bo  advantageously  used  in  the  place  of  lamp-black  in 
the  manufacture  of  i^aiuts  for  the  preservation  of  wood,  as  also  for  the 
preservation  and  insolation  of  metals. 

As  will  be  seen  from  the  above  the  most  important  product  of  the 
distillation  of  pine  wood  is  the  wood-creosote  oil,  and  the  most  impor- 
tant use  (commercially)  of  this  oil  is  as  a  preservative  of  timber  and 
lumber. 

The  geneial  features  of  tho  process  of  distillation  and  subsequent 
use  of  this  oil  are  as  follows : 

Ordinary  "light  wood"  (or  "fatty  pine"  wood)  is  cut  up  into  sticks 
of  about  4  feet  in  length,  and  about  ^xwa  cords  of  those  sticks  closely 
packed  inside  of  a  large  cylindrical  iron  retort.  The  doors  of  this  re- 
tort are  then  closed  and  hermetically  sealed.  A  fire  is  then  built  in  tho 
furnace  under  tUo  retort,  and  tho  heat  and  (lames  are  directed  as  uni* 
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formly  as  possible  all  around  the  outside  of  the  retort.  As  the  tein 
l>erature  iuside  the  retort  increases  from  100°  to  700°  ¥.,  the  liquid  and 
some  of  the  solid  portions  of  the  wood  are  converted  into  gas  and 
vapor,  and  pass  out  of  the  retort  through  a  copper  "worm"  inclosed 
in  a  cold-water  tank  and  are  collected  in  the  form  of  wood  gas,  naptha, 
acid,  and  oil.  When  the  oil  ceases  to  run,  the  fires  under  the  retort 
are  put  out,  the  bitumen  is  drawn  off  throngli  a  tube  coming  from  the 
bottom  of  the  retort,  and  the  latter  is  then  allowed  to  cool  off.  As  soon 
.OS  possible,  therefore,  the  doors  of  the  retort  are  opened  and  the  char- 
coal raked  out.  The  operation  is  thus  finished,  and  the  retorts  are 
ready  for  a  fresh  charge. 

Timber  and  lumber  which  is  to  be  treated  with  this  oil  must  be  first 
prepared  to  receive  it.  Timber  is  taken  directly  from  the  river  by  large 
derricks,  is  landed  on  the  wharf,  is  stripped  of  its  bark,  and  then  ex- 
posed to  the  sun  for  a  week  or  ten  days  to  dry.  At  the  end  of  this 
time  it  is  placed  (one  stick  at  a  time)  on  trucks,  is  rolled  into  the  car- 
bonizing cylinder,  is  there  exposed  from  about  ten  to  twenty  minutes 
to  an  iu tense  radiated  heat,  and  is  then  withdrawn  charred  to  a  depth 
of  one-fourth  of  an  inch,  thoroughly  dried  to  a  depth  of  three-fourths  of 
an  inch,  and  thoroughly  heated  to  a  depth  of  several  inches. 

The  carbonizing  cylinder  consists  of  a  wrought-iron  cylindrical  tube 
about  21  feet  long  by  28  inches  in  diameter,  set  in  a  brick  furnace, 
fired  at  the  side  and  midway  of  its  length,  the  cylinder  being  brought 
to  a  i)roper  and  uniform  heat  by  means  of  a  wood  fire,  the  heat  and 
flames  of  which  pass  by  vertical  and  horizontal  flues  along  and  all 
around  the  cylinder.  The  cylinder  is  further  provided  with  a  small  rail- 
road track  and  iron  carriage  on  the  inside,  for  the  convenient  handling 
of  the  timber.  Sawn  lumber  is  not  usually  charred,  but  is  sometimes 
kiln-dried  or  semi-charred ;  the  objection  to  the  charring  being  that  it 
destroys  the  sharp  edges  of  the  lumber.  The  charring  or  carbonizing 
of  the  process,  therefore,  consists  in  taking  the  timber  and  subjecting  it 
to  a  dry  radiant  heat  within  the  suitable  cylindrical  surfaces  in  such 
manner  as  to  drive  out  of  the  timber  most  of  its  saj)  and  albuminous 
matter  (ordinarily  about  five  pounds  to  the  square  foot),  drying  the 
inside  of  the  timber,  charring  its  outside,  and  leaving  the  wood  with  its 
l)ores  open  and  in  condition  to  be  completely  filled  with  the  wood-creo- 
sote oil  thereafter  applied  to  it. 

Charred  timber,  once  thoroughly  carbonized,  will  not  crack  under 
subsequent  exposure  to  the  sun  and  air.  If  further  properly  treated 
with  wood-creosote  oil,  it  will  withstand  all  attacks  of  atmosphere, 
moisture,  and  animal  life,  and  will  last  for  ye«ars  anywhere. 

This  process  for  carbonizing  and  creosoting  timber  is  such  that  it  does 
not  injure  the  fiber  of  the  interior  of  the  wood.  It  is  one  of  the  sim- 
plest, cheapest,  quickest,  mosteffective,  and  most  successful  processes  so 
far  known  for  artificially  seasoning  and  preserving  wet  or  green  timber, 
in  cases  where  the  want  of  time  or  money  do  not  allow  a  thorough  natu- 
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nil  seasouiiig  of  at  least  six  mouths'  oxposiuo  to  tUo  atmosphere.  Al- 
thougfli  other  and  improperly  applied  methods  of  dry-heating  and  after- 
creosoting  may  render  timber  brittle  under  tiie  pile-driver,  none  of  the 
timber  so  far  carbonized  and  woodcreosoted  has  proved  objectionable 
from  this  cause.  On  the  contary,tho  wood-creosote  restores  the  tough- 
ness and  elasticity  to  the  charred  wood,  so  that  this  method  has  given 
great  satisfaction  wherever  used,  as,  for  example,  at  Aspinwall,  Pan- 
ama, under  the  Panama  Canal  Company ;  and  at  Charleston,  S.  C, 
under  the  Northeastern  Eailroad  Company ;  iu  both  cases  under  cir- 
cumstances extremely  unfavorable  to  the  life  of  the  timber. 

After  the  wood  has  been  carbonized  or  kiludried,  it  is  loaded  upon 
trucks,  which,  with  their  load,  are  rolled  into  the  creosotiug  cylinders, 
respectively  of  Go,  75,  and  90  feet  in  length,  each  with  a  diameter  of 
0  feet.  The  doors  of  the  creosotiug  cylinder  are  then  closed  for  from 
four  to  fifteeu  hours,  during  which  timp  the  temperature  within  the  cyl- 
inder is  raised  by  dry  heat  to  from  140^  to  IGO^  Fr.,  a  vacuum  of  from 
9  to  24  inches  is  kejit  up  by  means  of  a  vacuum-pump,  and  the  sap,  al- 
bumen, and  other  impurities  are  thus  thoroughly  extracted  from  the 
wood  and  pumped  out  of  the  cylinder. 

The  vacuum-pump  is  then  stopped  and  a  force-pumi)  put  to  work,  by 
which  the  cylinder  is  filled  with  hot  wood-creosote  oil,  under  a  pressure 
of  from  G5  to  100  pounds  per  square  inch,  this  pressure  being  constant 
from  four  to  eight  hours,  according  to  circumstances.  By  this  part  of 
the  process  from  eight  to  twenty  pounds  of  oil  are  forced  into  each 
cubic  foot  of  wood.  The  pressure  is  theu  relaxed ;  the  uuabsorbed  oil 
is  then  run  off  into  outside  tanks,  the  doors  of  the  cylinders  opened,  and 
the  impregnated  timber,  still  on  its  trucks,  is  rolled  out. 

This  treatment  with  wood-creosote  oil,  as  above  described,  has  been 
favorably  reported  upon  (March  18, 188G)  by  a  special  board  of  United 
States  Navy  officers;  and  the  wood  so  treated  has  had  an  extensive  use 
already  upon  the  Government  wharf  at  Charleston,  S.  C,  at  the  jetties 
at  Port  Eads  iu  the  M.  T.  and  E,  P.  Inclined  Kail  way  at  Cincinnati, 
Ohio,  as  well  as  in  many  other  less  important  places  and  structures. 

Treatment  with  this  oil  is  especially  valuable  to  wood  that  is  to  be 
used  in  the  construction  of  bath-houses,  wharves,  docks,  quays,  piers, 
railroad  bridges,  railroad  trestles,  wooden  pavements,  flats,  lighters, 
scows,  ship  spars  and  masts,  ship  decks  and  bottoms,  or  used  in  rail- 
road cross-ties,  foundation  sills  for  houses,  piazzas,  porches,  floors, 
fence-posts,  and  telegraph  [)oles.  No  cases  have  yet  been  discovered 
where  either  rot  or  Teredo  has  attacked  wood  that  was  thoroughly  im- 
pregnated with  this  wood-creosote  oil, 
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ADDENDA, 

By  B.  E.  F. 

In  the  experimenls  recently  made  by  Dr.  Boebnie,  to  ascertain  the 
relative  effect  on  impregnated  and  natural  wood,  sami)les  of  various 
treatment  demonstrated  that  impregnated  wood  absorbed  much  less 
water  than  the  natural  w6od.  Increase  in  volume  in  consequence  of 
absorption  of  water  was  less  in  the  impregnated  than  in  the  natural 
samples. 

Tests  of  the  bending  strength  of  the  samples  showed  that  those  im- 
pregnated were  stronger  by  15  per  cent.  Resistance  to  compression  was 
greater  by  about  22  per  cent,  in  the  case  of  the  impregnated  samples. 

It  would  api^ear  of  interest  to  state  liere  that  by  creosoting  the 
strength  of  the  timber  is  also  increased.  The  following  results  confirm- 
ing this  view  are  taken  from  some  experiments  which  were  submitted 
to  the  British  Civil  and  Mechanical  Engineers'  Society  some  time  ago. 
The  sizes  of  the  pieces  tested  were  2  feet  G  inches  by  2  inches  by  1^ 
inches;  the  pressure  was  applied  midway  between  supports  2  feet  apart. 


Soriea  No.  1. — Sis  pieces 
of  Moraol  lir,  not  cro- 
osotod,  wcigbiug  9i 
pounds. 


Civt. 
No.  1  broke  with  ]2i 

2  idi 

3  lO.J 

4  Hi 

5  11 

6  10 

Average 11 


Series  No.  2.— Sixpieces 
of  Memel  fir.creosoted, 
cut  out  of  the  same 
plank  as  preceding, 
weiiibiug  13i  pounds. 


Ctvt. 
No.  1  broke  witli  12 

2  ]2 

3  11 

4  11 

5  llj 

6  12J 

Average 11 J 


Series  No.  3. — Six  pieces 
of  Scotch  fir,  not  cro- 
osotod,  weigliing  9 
pounds. 


Cvt. 
No.  1  broke  with  15 

2  14 

3  12i 

4  13 

5  13} 
C  14 

Avcrogo  ...  13| 


Series  No.  4.— Six  pieces 
of  Scotcli  lir,  rrcosotetl, 
cut  out  of  the  same 
Hle('i)er  as  the  preced- 
ing, weighing  lOJ 
l>ouuds. 


Cwt. 
No.  1  broke  with  16 

2  14 

3  14i 

4  17* 

5  14 
C  IC 

Average J5J 


Summary  of  Average  Besults. 

Cwt. 
Meiuol  fir  not  creosoted 11 

Momol  fir  creosoted - 11| 

Scot«h  firnot  creosoted 13| 

Scotch  flr  creosoted 15| 


CARBOLINEUM  AS  A  PROTECTION  AGAINST  THE    DECAY   OF  WOOD. 


According  to  F.  Engel,  Government  surveyor  of  buildings,  i)aiuting 
wood  with  carbolineum  as  a  protection  against  the  wearther  and  rot 
gives  favorable  results.  The  Imperial  Government  surveyor  of  build- 
ings also  confirms  this  statement  in  a  certificate  under  date  of  January 
19,  1885,  in  which  he  states  that  on  the  imperial  roads  wood- work  used 
in  underground  construction  during  the  years  from  1870  to  1885,  when 
painted  with  carbolineum,  had  no  decay  up  to  date  of  certificate. 

For  the  sake  of  experiment,  t^v'o  pieces  of  pine  wood,  taken  from  the 
same  j)lank,  were  thus  treated  :  The  first  was  painted  with  carbojineum, 
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while  the  secoud  was  left  in  its  natural  state,  and  both  placed  in  the 
ground  under  the  same  conditions.  At  the  end  of  three  years  the 
painted  specimen  was  found  to  exhibit  no  signs  of  decay,  but  the  un- 
painted  one  was  in  a  rotten  state. 

The  district  surveyor  of  buildings  inclines  very  favorably  to  the  use 
of  carbolineum  on  buildings  in  the  water,  and  on  sluice-gates,  dam- 
barriers,  piles,  posts,  especially  when  the  wood  is  kept  wet  or  dry,  or 
by  turns  wet  and  dry. 

It  is  found  that  carbolineum  is  cheaper  than  the  semifluid  tar.  For 
an  area  of  six  square  meters  one  kilogram  of  carbolineum  is  ordina- 
rily used;  and  its  superiority  over  tar  is  shown  by  the  fact  that  even 
the  largest  manufacturers,  where  tar  is  a  by-product,  and  the  use  of 
which  costs  nothing,  are  coming  to  use  carbolineum. 

It  is  best  and  most  advantageous  to  paint  with  hot  carbolineum,  for 
in  this  state  It  is  more  fluid  than  when  unboiled,  and  for  this  reason 
penetrates  into  all  cracks  and  openings,  at  the  same  time  dissolving  any 
resin  or  oil  present ;  it  also  disinfects  more  energetically  in  a  warm  state 
than  in  a  cold  one.  In  warm  weather,  and  on  wood  when  the  surface 
is  not  buried  in  the  earth,  it  is  necessary  to  give  a  thicker  coating  of 
the  unheated  oil,  especially  as  it  can  be  repeated  after  a  while.  Wood 
that  is  not  completely  air-dried  must  always  be  treated  with  hot  car- 
bolineum. All  the  wooden  posts  of  bridges  that  are  exposed  to  changes 
of  wet  and  dry,  as  well  as  their  gravel -covered  layer  of  planks,  are 
painted  with  two  coats  of  hot  carbolineum.  All  knotty  wood  surfaces 
must  be  very  carefully  treated,  applying  only  so  much  as  will  be  readily 
absorbed.  The  knotty  surfaces  of  wood  being  the  places  where  the 
ducts  open,  these  are  thus  the  very  localities  where  the  decay  and  de- 
struction from  lower  organisms  begin,  and  it  is  on  this  account  that  they 
must  receive  special  protection.  One  kilogram  of  carbolineum  (which 
comes  in  casks  of  about  two  hundred  kilos,  each),  costs  0.3  marks=7 
cents. 


ANNUAL  CHARGES  FOR  TIES. 

By  B.  E.  Fernow. 

There  appears  to  have  been  some  difficulty  experienced  by  engineers 
in  coming  to  a  conclusion  as  to  how  different  processes  ought  to  be  com- 
l>iired  in  regard  to  the  annual  charge,  which  must  vary  according  to  the 
diflerence  of  the  initial  cost  of  the  ties  and  the  diftereuce  in  the  number 
of  years  that  they  will  last,  and,  in  addition,  to  the  frequency  at  which' 
the  expense  of  renewal  recurs.  The  difficulty,  it  seems,  need  not  exist 
at  all,  and  can  be  removed  by  the  application  of  simple  mathematical 
formulas  and  mathematical  deductions,  and  put  into  a  form  which  will  al- 
low a  ready  comparison  of  the  annual  charge  for  ties  of  different  i)rices 
iind  varying  conditions.     For  this  purpose  the  following  tables  have 
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beiMi  coiistriictt'd,  which  give  answer  in  a  coiivonicut  manner  to  many 
(juestions  that  may  bo  put  in  connection  with  the  matter  of  charges. 

From  Table  I.  we  find,  for  instance,  if  wc  pay  40  cents  for  a  tie,  the  life 
of  which  is  six  years,  making  the  annual  charges  7.88  cents,  that  we  can 
afford  to  pay  15  cents  per  tie  in  addition  for  a  process  that  will  lengthen 
its  life  to  nine  years  ;  or,  if  we  pay  25  cents  for  a  preserving  process, 
making  the  initial  cost  G5  cents,  the  life  of  the  tie  must  be  increased  to 
at  least  eleven  years  in  order  that  it  may  not  increase  the  annual 
charge.  Or  if  an  oak  tie,  lasting  eight  j'ears,  can  be  bought  for  50  cents, 
it  would  be  cheaper  to  bu^'  hemlock  at  30  cents,  though  it  may  last  but 
live  years. 

The  formula  used  in  the  con^ruction  of  Table  I.  is  that  for  the  capi- 
talization of  regular  annual  rents,  and,  by  transposition,  assumes  the 

li  1.0  «" 
form,  /•=  .  ,.  -  ^^— 0.0  j),  in  which  r=rent  or  annual  charges;  R=cap- 

italized  rent ;  2)=rate  of  interest ;  "=the  number  of  years  for  which  the 

charge  is  to  run ;  and  1.0  p= — ...    .    p  is  taken  at  5  per  centum,  but 

as  the  table  is  intended  only  for  purposes  of  comparison,  the  rate  of  in- 
terest is  really  irrelevant,  except  to  allow  a  statement  of  the  amount  of 
saving  or  increased  expenditure  effected. 

In  this  table  no  account  is  taken  of  the  reduction  in  annual  charges 
due  to  the  less  frequent  expenditure  for  renewal  with  ties  of  longer  du- 
ration. For  this  a  separate  calculation  and  addition  are  necessary,  for 
which  the  figures  are  given  in  Table  11. 

For  the  expense  of  renewal  occurring  in  stated  but  not  at  yearly  in- 
tervals, the  formula  for  the  capitalization  of  intermittent  rents  is  appli- 

R 

cable,  which   by  transposition   appears    as  r=YT\ — aZZT^'^  ^'    '^^*^'' 

each  cent  of  such  expense,  then,  the  amount  which  appears  under  the 
year  at  which  renewal  becomes  necessary  should  bo  added  to  the  an- 
nual charge  found  in  Table  I.  Example :  An  oak  tie  costing  50  cents 
in  the  road-bed,  and  lasting  eight  jears,  would  niake  an  annual  charge 
of  7.74  cents ;  the  extra  expense  for  renewal  every  eight  years,  at  10 
cents  i)er  tie, would  increase  this  annual  charge  by  0.105  x  10=1.05  cents, 
or  total  annual  charge  equal  to  8.79  cents.  The  same  tic,  by  creosot- 
ing,  made  to  last  sixteen  years,  in  order  to  keep  the  annual  charge  the 
same,  may  cost  90  cents,  for  annual  charge  due  to  cost  of  renewal 
0.042  X  10=0.42  cents.    Charge  on  cost  of  90  cents, 

8.30  cents, 

8.72  cents,  the  total  annual  charge. 
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Appendix  No.  3. 
METAL  RAILROAD  TIES. 


By  B.  E.  Fernow. 


The  following  notes  ou  the  subject  of  metal  ties  were  gatlierecl  from 
numbers  of  leading  technical  journals  (largely  foreign  and  therefore  less 
accessible),  and  represent  opinions  and  experiences  of  competent  rail- 
road engineers,  also  what  little  experience  and  information  could  be 
gathered  from  American  practice.  If,  therefore,  statements  on  some 
points  seem  not  to  harmonize,  it  must  be  inferred  that  opinions  of  goocl 
authorities  differ  as  to  those  points.  Hardly  more  than  the  arrange- 
ment of  matter  is  claimed  to  be  original.  The  object  of  this  compila- 
tion is  to  present  in  a  ready  form  for  reference  the  scattered  data, 
and  to  aid  the  railroad  managers  in  forming  their  opinion  as  to  the 
advisability  of  employing  the  substitute  for  wooden  ties  on  their  own 
roads.* 

In  the  foregoing  report,  to  which  these  notes  form  an  appendix,  it 
has  been  shown  that  the  railroads  of  this  country  consume  yearly 
about  75,000,000  wooden  ties,  having  an  estimated  actual  cost  value  of 
at  least  $25,000,000. 

This  consumption  forms  no  inconsiderable  drain  upon  the  forests  of 
the  country,  and  the  need  of  economy  in  the  use  of  these  resources 
should  secure  a  ready  welcome  to  any  substitute  for  wooden  ties,  at 
least  in  an  experimental  way.  Mr.  C.  P.  Sandberg,  the  well-known 
expert  in  railroad  matters,  says :  "The  enormous  consumption  of  wooden 
ties  and  their  rapid  decay,  particularly  in  hot  countries,  make  the  use 
of  metal  ties  desirable,  especially  with  the  decreasing  price  of  metal 
and  the  greater  exi^ense  of  wooden  ties.  The  substitution  of  metal  ties 
ibr  wooden  ones  is  of  course  entirely  a  question  of  locality  and  of  price.'^ 

Although  the  impregnation  of  ties  does  somewhat  retard  the  process 
of  decay,  yet  the  use  of  wood  for  railroad  purposes  can  not  be  considered 
satisfactory. 


*  The  jonrnals  consuitod  are  mainly  Scliweizeriscbo  Baazeitiiug,  Organ  fUr  Fort- 
scbritto  ties  Kiseubahnwt'seiis,  Reviic  Odndralo  dcsChemius  do  for,  Glaser's  Annalen 
fur  Gewerbo  mid  Banwcson,  Congros  dc8  Cliciiiins  do  fer  h  Urnxelles,  coniptc  rendu 
g6ii6rale,  1880. 
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Changing  conditions  of  weather,  by  repeated  sojiking  and  drying  of 
the  tie,  inevitably  induce  change  of  volume,  and  therefore  alone  make 
a  safe  fastening  of  the  rails  to  a  wooden  tie  problematic. 

To  this  add  the  also  problematic  capacity  of  the  fastenings,  whether 
spikes  or  bolts,  to  secure  the  rail. 

Further,  there  is  to  bo  considered  the  very  unequal  capacity  of  re- 
sistance which  ties  show,  according  not  only  to  the  kind  of  timber,  but 
to  the  locality  from  which  they  come.  This  difference  of  quality  de- 
pends on  a  number  of  influences,  such  as  the  conditions  of  the  soil  on 
which  the  tree  has  grown,  the  age  of  the  tree,  as  well  as  the  season  of 
its  felliag,  and  cannot  be  overcome  by  impregnation  or  otherwise. 

Quite  different  are  the  i)ossibilities  in  this  respect  with  iron  or  steel 
as  material. 

The  unevenness  of  the  track,  produced  by  varied  behavior  of  the 
ties,  works  detrimentally  also  on  the  rails  and  on  all  parts  of  the  road- 
bed, so  that  for  safety  as  well  as  efficiency  and  ultimate  economy  alone 
the  metal  superstructure  deserves  consideration. 

From  a  railway  point  of  view  the  introduction  of  metal  ties  recom- 
mends itself  as  affording  additional  revenue,  if  otherwise  the  cost  of 
first  construction  and  of  maintenance  is  satisfactory, /or  the  manufac- 
ture of  a  ton  of  steel  ties  creates  a  traffic  over  the  railways  of  two  tons  of 
rate  material. 

The  first  introduction  of  metal  (then  iron)  ties  dates  back  i^robably 
to  the  year  18C4,  when  the  Brunswick  railways  in  Germany  laid  test 
lengths  of  longitudinal  irou  stringers,  so  that  an  experience  of  over 
twenty  years,  valuable  on  some  points  at  least,  is  afforded.  The  Butch 
and  Swiss  companies  followed  soon  with  improv^ements  in  the  system 
of  construction,  and  the  use  of  this  substitute  has  been  gradually  ex- 
tended, so  that  now  all  the  railroad  comi^anies  of  Holland  have  intro- 
duced metal  ties  on  their  lines. 

In  order  to  make  the  first  introduction  of  metal  ties  possible,  it  was 
necessary  to  make  the  initial  cost  of  the  longitudinal  tie  (Hilf  system) 
as  near  that  of  the  wooden  structure  as  possible ;  consequently  the^'^ 
were  rolled  unduly  thin,  the  rail  also  was  made  weak,  and  thus  break- 
ages were  not  nnfrequent,  creating  distrust  of  the  system.  The  at- 
tempt to  remedy  this  by  increasing  the  weight  of  ties  from  sev^enty- 
seven  to  one  hundred  and  sixty-five  pounds  failed  on  account  of  the 
increased  expense.  The  same  fate  attended  the  attempt  to  strengthen 
the  tie  by  riveting  or  bolting  to  it  plates  for  the  rail  to  rest  on,  because 
of  increased  cost  and  less  secure  connection  between  rail  and  tie. 

Two  systems  of  metal  superstructure  have  been  used  in  practice,  the 
longitudinal  and  the  cross-tie. 

The  first  metal  ties  were  constructed  upon  the  longitudinal  system 
(llartwich,  Hilf,  Schefiler),  and  even  to-day,  after  nearly  a  quarter  of  a 
century  of  trial,  oi)inions  as  to  the  superiority  of  one  or  tlie  other  sys- 
tem are  wide  apart,  though  latterly  preference  seems  to  favor  the 
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cross-tic  plan.  The  longitudinal  tics,  which  were  at  first  thought  to  bo 
the  only  i)ossiblc  form,  arc  abandoned  gradually  for  cross-ties.  Statis- 
tics as  to  the  use  of  metal  cross-ties  on  the  Continent  in  1885  were 
given  before  the  Railroad  Congress  at  Brussels  as  follows : 


Com- 
panies. 

Miles  laid 
with  metal. 

Total 

length  of 

roads. 

9 
4 
4 

l.POC 
181 
49 

14, 754 
2,053 
1,530 

Holliuid 

17 

*2, 030 

18, 337 

*  11  per  cent. 

One  of  the  Swiss  companies — the  North  Eastern  Kailway  of  Switzer- 
land— has  definitely  adopted  metal  cross-ties  for  all  new  roads  and  the 
renewal  of  old  ones. 

In  England  the  drain  which  the  Indian  railways  made  in  the  tie  mar- 
ket induced  experiments  with  steel  ties  in  1884.  Twenty  steel  tics 
(Vautherin  pattern),  ninety  pounds  per  tie,  with  rail  of  ninety-five 
pounds,  bull-headed  form,  lying  in  two  half  chairs,  were  laid.  Creo- 
soted  paper  was  placed  underneath  the  ties  to  deaden  the  sound.  To- 
day millions  of  metal  ties  are  used  in  India. 

The  Mexican  Eailway  (Vera  Cruz),  after  an  experiment  of  two  years 
with  twenty  thousand  st^el  ties  on  level  ground  and  on  heavy  grades, 
lias  proposed  to  put  in  yearly  hereafter  from  forty  to  fifty  thousand. 

The  change  from  the  wooden  to  the  steel  tie  is  made  entirely  in  the 
interest  of  economy,  and  it  is  calculated  that  in  a  few  years  the  per- 
manent section-gang  on  the  road  can  be  replaced  by  traveling  gangs, 
who  will  be  able  to  keep  the  road  in  order,  the  number  of  men  em- 
ployed under  the  new  system  being  only  50  per  cent,  of  those  embraced 
in  the  i)resent  permanent  section  system. 

No  better  testimony  to  the  efficiency  of  the  metal  tie  under  proper 
condition  could  be  given  than  the  following  extracts  from  a  letter  in 
reply  to  a  request  for  information  from  George  Foot,  Esq.,  Superin- 
tendent of  the  Mexican  Eailway,  stating  his  experience. 

"  Our  experience  with  these  tiea,  of  which  some  30,000  have  been  in  the  lino  since 
September,  1884,  is  so  satisfactory  in  every  respect,  that  we  are  now  about  to  lay  tlown 
40,000  Diore,  and  our  intention  is  to  gradually  reLiy  the  entire  line  with  metallic 
sleepers. 

"  I  inclose  a  blue  print*,  showing  the  type  of  tie  wc  are  about  to  lay  down,  one  which 
is  about  the  same  as  that  employed  on  the  State  railways  of  ludia  for  both  the  ."i.fi- 
meter  gauges,  but  arranged  for  our  gauge,  which  is  4'  8^". 

"  The  price  of  the  new  ties  under  contract  in  England  is  48.  4rf.  ($1.05)  each,  includ- 
ing steel  keys  f.  o.  b.  in  Cardiff,  and  their  weight  with  keys  112  lbs.  each. 

*'  The  metallic  ties  in  use  here  for  the  last  two  years  are  almost  of  the  same  pattern 
as  shown  on  the  drawing,  excepting  the  fastenings,  which  arc  much  more  complicated 
and  expensive. 

'See  Plate  No.  I,  p.  III. 
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"Tho  blue  print  which  I  iuclose  represents  the  latest  improvements  in  steel  sleepers 
suggested  by  oxperieuco  on  railways  in  India,  whei-o  millions  of  them  are  employed, 
and  I  think  that  the  tie  in  question  leaves  little  to  bo  desired  cither  in  general  form, 
simplicity  of  fastenings,  weight,  or  price. 

"  You  will  observe  that  the  metal  is  thickened  where  strength  is  most  required,  and 
that  the  rail  clips  are  formed  from  the  solid  plate,  the  rail  being  kept  in  idace  by  a 
simple  steel  key  which  can  be  driven  either  on  the  inside  or  outside  of  the  rail  when 
increased  width  of  gauge  is  required  on  sharp  curves. 

"You  ask  mo  to  state  the  advantages  and  disadvantages  experienced  by  us  in  the  use 
of  this  class  of  sleeper. 

"So  far  we  have  no  disadvantages  to  record,  but  many  and  very  important  advan- 
tages, which  are  as  follows : 

"  (1)  No  spikes  are  required. 

"  (2)  The  rails  are  kept  to  gauge  with  almost  mathematical  accuracy  and  the  result 
is  that  the  oscillation  of  a  train  running  at  high  speed  over  this  track  is  reduced  to  a 
minimum,  and  is  very  marked  when  it  runs  on  to  a  length  laid  with  ordinary  timber 
sleepers. 

"  (3)  The  difference  in  the  cost  of  maintenance  is  enormous,  because  a  track  once 
properly  laid  with  these  steel  ties  and  well  ballasted  requires  no  permanent  road 
gangs  and  can  be  maintained  in  good  order  by  a  traveling  gang  going  over  it  once 
or  twice  a  year. 

"This  is  our  experience  here,  but  it  must  be  remembered  that  on  this  railwg^  we 
have  no  frost  or  snow  to  contend  with  and  very  light  traffic. 

"  In  the  United  States  these  conditions  would  of  course  be  altered,  bnt  I  see  no  good 
reason  why  these  ties  should  not  bear  frost  well ;  they  are  extensively  nsedin  Germany 
and  I  am  not  aware  that  frost  has  proved  an  objection  to  their  use. 

"From  personal  experience  I  cannot  say  how  metallic  ties  behave  in  cases  where 
trains  run  off  the  line,  as  we  very  seldom  on  this  line  have  such  accidents,  and  have 
had  none  on  the  portions  of  track  laid  with  them. 

"In  India  the  experience  is  that  in  a  bad  run-off  a  great  number  of  ties  are  bent  and 
injured,  but  that  very  few  are  so  badly  damaged  as  to  bo  past  repairs,  and  that,  as  a 
general  rule,  they  are  repaired  in  the  shops  and  replaced  in  the  line. 

"  I  must  add,  however,  that  metallic  sleepers  require  a  very  solid  and  perfect  road»- 
bed,  and  a  much  larger  quantity  of  ballast  than  timber  ties. 

"The  Mexican  Railway  is  laid  throughout  with  62-pound  steel  rails,  except  on  the 
Cumber  4-per-cent.  incline,  where  we  are  now  laying  down  82-pound  rails. 

"Our  metal  ties  are  laid  under  the  62-pound  rails,  the  number  being  2,000  i)er  mile 
but  we  find  that  this  number  is  not  necessary,  and  in  future  we  propose  to  lay  onlj 
1,850  per  mile. 

"  I  may  say  in  conclusion,  that  in  ray  opinion  the  steel  tic  is  the  tie  of  the  future,  and 
that  our  experience  here  points  with  their  use  to  substantial  economies  in  repairs  and 
maintenance  and  at  the  same  time  to  a  very  per  fact  track." 

GENERAL  REQUIREMENTS. 

Prom  the  experience  so  far  aecuiuulated  it  is  claimed  that  the  re- 
quirements of  a  good  tie  can  be  fulfilled  by  the  steel  ties  now  made, 
namely : 

(1)  Appropriate  form. 

(2)  A  section  with  suflicient  moment  of  resistance. 
(ii)  A  material  not  easily  fractured. 

(4)  Sufficient  bearing  area  and  length  to  resist  lateral,  longitudinal, 
and  vertical  strains. 
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To  which  may  be  added  that : 

(1)  The  average  life  of  good  steel  ties  is  coQsiderablj'^  longer  than  that 
of  best  wooden  ties  (estimated  at  30  to  oO  years).* 

(2)  The  width  of  gauge  is  better  maintained  with  steel  ties. 

(3)  Cost  of  maintenance  of  permanent  road  with  steel  ties  remains 
almost  constant  after  the  second  year,  while  with  wooden  ties  it  in- 
creases constantly  with  age,  making  the  average  cost  greater  than  with 
the  former. 

(4)  Rail  fastenings  are  possible  with  steel  ties  which  are  at  once  safer 
and  more  easily  maintained  than  those  for  wooden  ties. 

(5)  A  good  steel  tie  should  not  cost  more  than  from  125  to  150  per 
cent,  of  the  cost  of  wooden  ties. 

(6)  The  "old  material"  value  of  a  steel  tie  is  greater  than  that  of  a 
wooden  sleeper. 

"  If,  for  comparisou  of  the  relative  cost  per  mile  of  steel  and  wood,  account  is  taken 
of  the  manufacture,  transport,  laying,  maintenance,  interest,  and  value  of  scrap,  it 
is  seen  that  there  are  few  countries  in  the  world  where  the  exclosive  use  of  wood  ties 
'«  really  economical. 

•'  For  countries  where  climate  and  insects  destroy  wood  dleepers  in  a  few  years  this 
IS  evident ;  but  it  speaks  still  better  for  steel  sleepers  that  in  Holland,  which  produces 
no  steel  and  gets  wood  sleepers  very  cheaply  by  sea,  all  the  railway  companies  have 
introduced  metal  sleepers  without  any  pressure  from  the  Government." 

REQUIREMENTS  AND  COMPARISON  OF  DIFFERENT  SYSTEMS  OF  SUPER- 

STRUCTURE. 

A  very  elaborate  investigation  into  the  merits  of  different  systems  of 
superstructure,  with  wooden  and  metallic  longitudinal  or  cross-ties,  has 
been  published  in  the  "  Organ  fUr  Fortschritte  des  Eisenbahnwesens  " 
for  1886,  by  a  high  authority,  W.  Fuchs,  replete  with  mathematical 
demonstrations  and  presenting  a  most  thorough  discussion  on  theoret- 
ical grounds,  the  results  of  which  are  given  in  the  following  notes : 

A. — The  aggressive  forces  against  which  any  system  of  superstructure  must  he  prepared  to 
stand,  are, — 
(o)  Vertical :  pressure  at  the  wheel,  usually  and  properly  taken  as  7,000  kilo- 
grams (l.'),400  pounds). 
(&)  Lateral:  shocks  representing  a  total  effect  of  5.5  tons,  discounted  by  a  re- 
lief of  2  tons  from  the  opposite  wheel,  the  total  pressure  being  roughly 
5,000  kilograms,  which  may  increase  to  the  maximum  8,000  kilograms  (11,- 
000  to  17,600  pounds), 
(c)  Longitudinal :  per  rail  not  over  5,025  kilograms,  adhesive  weight  of  loco 
motive  taken  as  42,000  kilograms. 
B. — Bequiremenls  of  systems. 
(o)  Longitudinal  ties. 
The  manner,  shape,  and  number  of  cross-connections  seem  to  be  of  utmost  impor 
tance ;  blade-shaped  connections  are  preferable  to  those  with  broad  surface  on  account 
^f  the  tendency  of  the  latt«r  to  form  humps  in  the  road-bed  ;  a  number  of  cross-con- 
nections is  uudesirable  as  counteracting  the  advantages  of  the  long  tie  and  introduc- 
ing the  faults  of  the  cross-tie  system ;  the  connection  is  best  made  at  the  rail  joint, 
by  which  the  favorable  induence  of  such  connection  is  utilized.     If  more  connections 

*  See  p.  119,  on  Life  of  Metal  Ties. 
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are  required,  they  are  best  applied  in  the  middle,  at  equal  distances  from  the  cuds  of 
the  tie. 

The  main  difficulty  of  long-tie  systems  lies  in  their  deficient  drainage,  two  "  backs" 
forming  alongside  the  tie  in  the  road-bed.  This  objection  is  increased  when  the  croas- 
counectiou  has  a  flat  surface. 

Of  all  long-tio  systems  Haannanll's  (employed  on  Berlin  City  Railway)  appears  besi, 
exception  being  taken  only  to  the  form  of  cross-counectiou.  Hilf's  system  is  found  in 
all  points  inferior,  the  former  showing  all  the  advantages  required  for  an  elegant  and 
simply  constructed  superstructure  ;  the  only  objection  to  it  is  that  to  which  ail  long- 
tie  systems  are  open — deficient  drainage. 

{b)  Cross-ties. 

The  parts  of  the  rail  lying  between  the  support  and  a  point  half  way  between 
supports  receive  less  wear,  and  an  uneven  use  of  the  rail  is  the  consecpience.  Con- 
nections of  rails  to  ties  can  never  be  made  too  rigid.  The  foot  of  the  rail  should 
preferably  not  be  supported  in  its  entire  breadth,  but  only  on  its  flanges  to  a  sufficient 
breadth,  th»',reby  insuring  more  stability,  x>ermitting  the  use  of  rails  not  having  a 
perfectly  smooth  foot,  and  avoiding  au  extra  demaud  of  resistance  against  tilting  on 
the  part  of  fastenings. 

IJed-plates  are  most  desirable  for  wooden  as  well  as  metal  cross-ties,  making  the 
manufacture  of  the  latter  ties  less  expensive  and  less  difficult. 

By  use  of  bed-plates  the  eating  into  parts  most  used,  and  the  consequences  result- 
ing therefrom,  on  all  parts  of  the  superstructure,  can  be  avoided.  The  best  mode  of 
fastening  is  presented  by  bed-plates  with  hook  bolts. 

The  best  length  for  metal  cross-ties  is  given  as  2i}7.7  cm.  (7  feet  5^  inches);  and 
in  order  to  diminish  the  strain  on  the  tie  and  counteract  the  tendency  of  every  cross- 
tie  system  to  change  the  gauge  in  consequence  of  a  bending  of  the  tie,  there  should  be 
no  tamping  underneath  for  a  length  of  52.7  c.  m.  (20.7  inches).  A  trough,  open  only  on 
the  lower  side,  divided  into  three  compartments  by  two  cross-ribs  placed  20.35  c.  m. 
(10.3  inches)  from  the  center  of  the  tie,  the  outer  parts  filled  with  btd  material,  the 
central  part  empty,  will  answer  to  this  requirement. 

At  10  c.  m.  (3.93  inches,  the  height  of  a  cross-tie),  a  metal  cross-tie  system  furnishes, 
even  in  the  most  imfavorable  bed  material,  at  least  1.33  times  greater  resistance  to  side 
strains  than  a  wood  superstructure. 

The  distance  of  ties,  at  1  m.  (3.28  feet),  used  on  the  Prussian  profile,  the  author 
considers  too  great,  and  0.95  m.  (3.12  feet),  or  even  less  on  curves,  just  i>ermissible. 
Against  longitudinal  forces  the  transmission  of  the  shock  from  the  rail  to  the  tie  is 
more  imperfect  with  metal  systems  than  with  wooden  ties;  yet  the  resistance  of  a 
good  metal  system  to  displacement  in  the  direction  of  the  track  is  very  much  greater 
than  with  wooden  ties.  Iron  ties  of  10  c.  m.  (10.3  inches)  height  withstand  the  effects 
of  longitudinal  forces. 

RESULTS   IN   REGAltD   TO   MKTAL  CKOSS-TIES. 

The  cross-tie  with  short  steps  leaning  somewhat  outward  is  the  most  perfect. 

The  need  of  bed  material  is  smaller  than  in  any  other  superstructure. 

Bed-plates  with  bolts  offer  very  firm  connections,  and  can  be  easily  moved  or  re- 
placed. Chauges  of  gauge  can  bo  as  easily  and  accurately  effected  as  with  other 
connections.  Tlie  mode  of  fastening  is  independent  of  the  form  of  tie,  and  can  be  ap- 
plied to  any  iron  tie  at  any  later  time. 

The  Weight  per  runniug  foot  ought  to  be  somewhat  greater  than  that  of  ties  now 
used,  but  the  greater  weight  refers  to  such  i)arts  as  are  little  subject  to  wear,  and 
it  does  not  exceed  that  required  in  the  long-tie  system. 
C. — Compariaun  of  wood  and  metal  superstructures, 

Tlie  superiority  of  well-devised  metal  superstructures  over  those  with  timber  ties 
as  usually  applied,  is  more  clear  if  we  consider  the  more  or  less  secure  mode  of  fasten- 
ings in  both  systems. 


115 

If  tho  ;?roate8t  side  strain  of  7,350  kilograms  (16,000  pounas;  oe  exerted  ou  tbu  luil 
just  over  the  tie,  and  if  two  spikes  are  used  outside  audone  inside  for  fastening,  then 
if  tlio  coefficient  of  friction  between  metal  and  wood  be  u=^,  tbo  two  outside  spiUfs 
must  ofter  resistance  R  =  7,350— ^°5/'^  =  4,350  kilograms  (9,070  pounds),  wbile  under 
usual  conditions  tbey  cannot  offer  more  tban  3,*200  kilograms  (7,040  pounds) ;  one 
shock,  tberefore,  is  capable  of  loosening  the  rail  hero.  Only  when  the  three  spikes 
are  united  by  bed-plates  does  their  resistance  grow  to  4,800  kilograms  ^0,560  pounds), 
or  their  total  combined  resistance  to  4,800+;J,000  =  7,800  kilograms  (I7,1C0  pounds), 
against  a  strain  of  7,350  (1C,000  pounds).  But  this  resistance  is  found  only  in  abso- 
lutely sound  ties.  Still  less  secure  is  the  Dsnal  mode  of  fastening  against  tiltiing;  for 
the  inside  spike  cannot  offer  more  than  2,050  kilograms'  (4,510  i)ound8)  resistance, 
while  the  attacking  force  may  reach  a  maximum  of  4,860  kilograms  (10,092  pounds). 

D. — Comparison  of  long-  and  a'ose-tie  systems. 

Tho  former,  if  perfect,  like  all  superstructures  with  single  supports,  is  superior  in 
regard  to  an  even  uniform  transmission  of  the  force  waves  which  form  under  the 
moving  loads.  The  many  supports  of  a  cress-tie  system  exert  a  disturbing  iulineuce 
on  this  wave  movement,  in  consequence  of  which  the  rail  is  not  uniformly  utilized. 
Therefore,  in  any  cross-tie  system,  rails  must  wear  unevenly. 

^  It  follows  that  on  long-tie  systems,  smoother  rolling  of  cars,  and  less  wear  of  all 
parts,  must  result  than  on  cross-ties;  yet  it  is  possible  to  get  sufficient  satisfaction  in 
this  respect  from  the  latter  system. 

Of  more  importance  is  the  greater  security  of  long-  than  cross  t  ie  systems  against  side 
strains  and  consequent  breakage  of  rails 

By  use  of  bed-plates  »u  each  tie  or  enlargement  of  rail  foot  this  objection  can  be 
overcome. 
I  In  regard  to  drainage  no  satisfaction  has  as  yet  been  obtained  in  the  long-tie  systems. 
I  The  quantity  of  bed  material  needed  amounts  to  the  same  in  both  systems.  Eeplace- 
KDient  is  probably  cheaper  with  cross-ties.  Metal  weight  is  alike,  yet  in  long  ties  the 
•wearing  parts  are  the  lightest. 

The  author  concludes  that,  as  only  two  points  are  in  favor  of  the  long- 
tie  system,  which  can  partly  be  attained  in  cross-tie  systems,  the  latter 
will  remain  the  stvmdard. 

MATERIAL. 

Although  steel  is  preferable  to  iron  for  surfaces  liable  to  wear,  like 
those  of  rails  and  tires,  yet  it  presents  drawbacks  in  the  case  of  parts 
subject  to  deHection  only,  as  bridges  and  ties,  and  being  brittle  in  winter, 
requires  special  precautions  while  cooling  after  leaving  the  rolls. 

The  strength  of  an  iron  tie  should  be  much  greater  than  a  wooden 

one,  because  the  former  must  ofiFer  sufficient  resistance  to  deilection 

over  its  whole  surface,  however  well  it  may  be  packed,  as  the  reactions 

I  of  the  ballast  during  the  passage  of  trains  are  distributed  uniformly 

I  over  the  whole  of  the  packed  portion. 

1       The  faults  in  construction  of  iron  ties  were  eliminated  in  those  made 
»  of  steel,  which  are  not  liable  to  split  and  break,  as  are  tho  iron  ties. 

The  first  trials  with  hard-steel  sleepers  were  not  encouraging.  Yet 
;i  some  companies  have  laid  test  lines,  inspected  them  carefully,  and  have 
1|  kept  records  as  to  cost  of  maintenance  (especially  in  Germany  and 
'  Holland),  and  from  these  trials  are  derived  the  results  and  experience 
'  now  available  in  regard  to  this  material. 
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Steel  ties,  however,  Lave  couie  seriously  into  coinpetitiou  ouly  since 
the  increase  of  mild-steel  production.  This  mat<?rial  is  less  liable  to 
breakage  than  ordinary  steel  and  less  injured  in  punching  the  holes  for 
fastening.  A  steel  is  used  with  a  tensile  strength  of  25.4  to  28.G  tons 
per  square  inch,  and  a  minimum  contraction  of  30  to  40  percent.* 

SHAPE. 

The  great  number  of  forms  of  metal  ties  and  the  modes  of  fixing  the 
rail  to  the  same  must  be  i)uzzling  to  an  engineer  who  has  to  select  one 
of  them.  The  simpler  the  plan  the  better.  If  equal  safety  is  to  be  ob- 
tained, the  metal  tie  must  be  of  equal  size  aud  cover  as  much  surface  of 
the  ballast  as  the  wooden  tie.  Yet  the  amount  of  bearing  surface  ot 
the  tie  on  the  ballast,  provided  this  be  of  good  quality  and  incompress- 
ible, is  of  less  importance  than  that  the  pressure  exerted  by  the  ballast 
on  the  underlying  soil,  which  is  often  compressible,  be  distributed  over 
the  largest  surface  possible.  It  is  not  necessary  that  the  ties  have  a 
large  bearing  surface  on  the  ballast,  nor  that  they  be  flat  on  their  un- 
derside, but  only  that  there  be  sufficient  width  between  the  outer  edges. 

To  meet  the  requirements  of  a  good  tie,  which  with  the  smallest 
amount  of  material  possesses  the  greatest  possible  strength,  attords  a 
rational  distribution  of  the  pressure  on  the  road-bed,  and  lies  solidly  in 
the  road-bed,  the  profile  is  of  great  importance. 

The  form  adopted  by  the  Prussian  Railway  seems  to  answer  well  these 
requirements.  It  is  a  box,  with  the  addition  of  broad  flanges  at  right 
angles  to  the  sides  of  the  box,  at  the  end  of  which  two  short  feet  permit 
a  secure  hold  in  the  bed  material.    A  cross-section  presents  about  this 

shape : 

no 
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Many  different  patterns  are  in  use,  like  the  Vautherin,  Elberfeld, 
Prussian,  Rhenish,  Austrian,  and  Webb's  ties,  on  the  London  and 
is^orthwestern  Railroad,  with  a  chair  for  bull-head  rail. 

Recent  improvements  in  rolling  machinery  allow  the  making  of  ties 
of  varying  thickness  and  having  the  1-in  20  slope  for  the  rail  made  iu 
the  process  of  rolling. 

By  this  a  saving  of  12  to  21  per  cent,  aud  a  distribution  of  material 
to  points  where  most  required  is  possible.  The  minimum  cross-section 
is  kept  for  about  two  thirds  of  the  length,  while  under  the  rail  and  for 
a  short  distance  on  each  side  of  it,  it  is  thickened. 

The  Netherlands  State  Railway,  after  many  tests  under  various  con- 
ditions, sharp  curves  aud  gradients,  with  iron  and  steel  ties  of  various 
designs,  and  after  carefully  comparing  cost  of  maintenance  with  that  of 

*  See  nole  ou  jointed  cross-ties,  p.  125. 


Biinilar  lengths  of  line  laid  on  new  oak  ties,  has  decided  iu  favor  of  a 
mild  steel  tie,  8  feet  G  inches  long,  9.25  inches  wide  over  the  extreme 
edges  at  the  bottom,  2.52  inches  deep  for  the  greater  part  of  its  length, 
but  increased  to  2.92  inches  under  the  rail  and  3.23  inches  at  about  4 
inches  outside  the  rail,  so  as  to  give  the  inclination  of  1  iu  20  for  the 
cant  of  the  flat-bottomed  rail,  which  rests  directly  on  the  tie. 

The  following  advantages  are  claimed  for  this  tie  (adopted  from  the 
St.  Gotthard  Kailway) : 

(1)  It  is  easily  packed  with  any  kind  of  ballast — sand,  gravel,  ashes, 
.slag,  stone,  etc. 

(2)  The  triangular  toe  which  forms  the  bottom  edge  of  the  sloping 
sides  of  the  tie  prevents  damage  to  the  edge  during  the  beating  up  of 
the  ballast,  and  by  lowering  the  neutral  axis  of  the  section  additional 
stiffness  is  gained. 

(3)  It  gives  a  broad  surfuce  for  the  foot  of  the  rail  to  rest  upon. 

The  weight  of  the  tie  is  104.7  pounds,  saving  15  per  cent,  from  the 
weight  of  a  tie  of  the  same  strength  but  uniform  cross-section. 

The  ties  ordered  in  July,  1885,  including  a  two  years'  guarantee,  cost 
about  $1.15  per  tie,  or  "almost  the  same  as  an  oak  tie."  - 

As  to  form,  the  closing  of  the  end  of  the  tie  deserves  special  attention. 
It  should  have  a  sloping,  closed  end,  which  tends  to  drive  the  ballast 
in  under  the  rail  instead  of  out  from  underneath,  as  the  early  open- 
ended  form  did. 

WEIGHT. 

As  stated  before,  the  first  iron  sleepers  were  not  successful,  on  ac- 
count of  their  light  weight  and  consequently  reduced  section.  Those 
introduced  iu  France  and  Germany  in  1864  were  only  66  pounds.  The 
fastenings  had  not  hold  enough  and  breaking  was  frequent  where  the 
rails  rested  on  the  ties ;  there  was  also  danger  connected  with  ttiem 
on  account  of  unsteadiness  and  increased  lateral  movement.  The  re- 
sults were  due  to  the  following  causes :  1,  the  holes  of  the  fastening  re- 
duced the  cross-section ;  2,  the  punching  of  the  holes  made  the  metal 
around  them  more  or  less  brittle ;  3,  in  time  the  foot  of  the  rail  and  fast- 
ening would  eat  into  the  top  of  the  tie;  4,  with  a  rational  beating  up 
of  the  ballast  the  momentum  of  reaction  of  a  ballast  is  a  maximum  at 
the  cross-section,  where  the  wheel  load  is  applied;  5,  the  impulse  of 
the  moving  load  is  transferred  directly  to  the  tie  at  these  places. 

Increase  of  weight  gives  more  stability  to  superstructure.  Metal 
cross-ties  weighing  100  pounds  have  proved  quite  satisfactory.  Those 
of  less  weight,  77  to  88  pounds,  proved  too  light.  The  State  Railway 
of  Wurtemberg  uses  ties  of  128  pounds,  but  the  majority  of  German  and 
•  Dutch  engineers  consider  112  pounds  fully  sufficient  to  maintain  a  per- 
fectly steady  and  permanent  road. 


The  following  table,  giving  the  weights  and  prices  used  by  the  differ- 
ent Germau  roads,  may  be  of  interest: 


Name  of  railway. 


"Weight 
of  tie. 


Average 

price 

per  ton 

of  metal. 


Average 

price 
per  tie. 


Imperial  Railway  in  Alsace-Lorraine 

Bergisch-Marltioch,  old  Vautherin  pattern 

Same,  New  Ililf  pattern  for  main  lines 

Same,  for  branch  lines 

Links  Rheinisch  Railroad,  old  pattern 

Same,  new  pattern . . 

Rechts  Rheinisch , 

Prussian  State  lines,  various 

Magdebnrg  section 

Rechto  Oder  Uler 

Heseisch-Ludvvigs 

Altona-Kill 

Wartembeig  State  lines 


Pounda. 
126. 5 
126.  5 

98 

88 

77 
110 
106.5 
114.5 
120 
101 

98 
101 
130 


$31  68 
30  90 
30  06 
30  06 
34  48 
34  48 

30  70 
34  48 
36  77 
42  08 

31  68 


37  00 


$1  70 
1  75 
1  35 
1  22 
1  19 
1  70 
1  46 
1  77 
1  97 
1  90 
1  38 

1  60 

2  14 


FASTENINGS. 

The  subject  of  fastenings  is  of  greater  importance  as  regards  the  pre- 
vention of  shocks  between  the  rails  and  ties  than  in  preserving  the 
gauge.  Whatever  the  method  adopted  for  attaching  the  rails  to  the 
ties,  it  must  be  better  than  that  hitherto  employed  for  wooden  ties,  and 
keys  are  decidedly  preferable  to  bolts,  the  threads  of  which  rust  out  so 
that  the  nuts  cannot  be  tightened.  Yet  there  are  systems  of  fastening 
steel  ties  which  are  safer  and  more  easily  maintained  than  those  for 
wooden  ties.  After  many  years  of  trial,  the  Netherlands  State  Rail- 
way Company  have  decided  to  keep  to  bolts  as  the  means  of  attach- 
ment between  the  rail  and  sleeper.  In  1865  they  laid  10,000  iron 
sleepers,  fastening  them  by  4  bolts  (0.42  inch  diameter)  to  each  tie.  In 
1883,  for  the  first  time,  it  was  necessary  to  renew  2,000  of  these  40,000 
bolts,  and  in  August,  1885,  the  remaining  38,000  were  still  in  use.  This 
shows  that  the  bolts  0.86  inch  in  diameter  now  used  will  be  satisfac- 
tory. The  bolt  holes  in  the  ties  are  square,  except  that  the  corners  are 
slightly  rounded.  It  is  proposed  to  retain  the  cast  iron  chair,  which 
has  rendered  good  service,  especially  with .  Vignoles  rails,  and  to  con- 
nect each  pair  of  chairs  by  two  bars  of  Z-section,  capable  of  standing  a 
deflection  of  nearly  4  tons  per  square  inch,  keyed  to  them  so  as  to  form 
a  trough  turned  either  upwards  or  downwards. 

The  points  for  consideration  in  fastenings  are: 

(1)  By  the  insertion  of  a  plate  between  the  hard  rail-foot  and  the 
softer  tie,  the  latter  should  be  saved  and  its  natural  straightness  pre- 
served, avoiding  injuries  in  the  shaping  by  rolls,  in  bending,  or  other- 
wise. 

(2)  A  rational  and  direct  transmission  of  the  attacking  forces  from 
the  rail  to  the  tie  should  be  effected. 

(3)  The  fastenings  must  be  such  as  to  keep  the  gauge  constant  ia  the 


curves  as  well  as  on  the  straight  road,  and  to  permit  theeliinination  of 
iiDavoidable  faults  occurring  in  fabrication. 

(4)  To  allow  shiming  up,  where  the  action  of  frost  makes  it  neces- 
sary. 

The  forces  which  work  upon  the  fastenings  are  : 

(1)  The  horizontal  forces  tending  to  press  the  rail-foot  outward. 

(2)  The  vertical  forces  tending  to  raise  the  inner  edge  of  the  rail-foot. 

To  counteract  these  forces,  it  is  necessaiy,  with  bolt  fastenings,  to  pro- 
tect the  bolt  in  its  entire  length  against  side  forces  tending  to  bend  it 
or  wear  it  away.  To  effect  this  the  bolt  must  be  placed  as  near  the 
rail  foot  as  possible,  so  as  to  reduce  the  leverage  of  the  vertical  force  as 
much  as  possible.  Small  number  of  parts  and  a  simple  form  is  most  de- 
sirable. 

The  nature  and  good  service  of  the  fastenings  has  also  great  bearing 
upon  the  cost  of  keeping  the  road  in  order. 

LIFE. 

The  life  of  iron  ties  has  been  variously  estimated  by  those  in  favor 
of  the  system  at  from  thirty  to  fifty  years ;  opponents~i)lace  it  at  not 
more  than  twenty  years,  that  of  the  best  wood  ties.  This  last  esti- 
mate is,  however,  disproved  by  the  more  than  twenty  years' experience 
with  longitudinal  ties  on  the  Brunswick  railways.  These  were  laid  in 
1864,  and  in  1883,  on  thorough  inspection,  were  found  but  slightly 
affected  by  rust. 

In  fact,  iron  ties  suffer  less  from  atmospheric  influences  than  wooden 
ones. 

Ties  on  the  Bergisch-Markisch  lines,  after  being  laid  for  eight  years 
in  a  badly-drained  ballast,  were  found  to  be  not  more  affected  by  rust 
tlian  the  rails. 

Mr.  Kaltt",  at  the  convention  in  Brussels,  stated  that  metal  sleepers 
laid  down  twenty  years  ago  were  found  in  perfect  condition.  Only,  for 
ties  kept  in  reserve  by  the  side  of  the  line  or  in  damp  tunnels  and 
similar  localities,  or  if  transported  over  the  sea,  a  coat  of  tar  or  paint 
might  be  found  advisable. 

With  the  better  form  and  heavier  sections  now  used,  the  breaking  of 
a  tie  is  so  unusual  as  not  seusibly  to  affect  the  annual  charge. 

Whatever  the  cause,  steel  rails  and  ties  undoubtedly  rust  much  faster 
than  those  made  of  iron. 

Mr.  P.  H.  Dudley,  C.  E.,  an  expert  on  railroad  matters,  says :  "  So 
far  as  atmospheric  agencies  are  concerned,  the  German  experience 
would  be  a  good  guide  here.  The  oxidation  of  rails  at  least  shows  in 
most  localities  no  greater  rapidity  than  in  Germany.  Failure  in  this 
country  of  metal  ties,  as  far  as  I  have  seen  them  used,  was  due  to  their 
form  not  meeting  the  conditions  required  of  a  metal  tie." 
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INFLUENCE  ON  ROLLING  STOCK,   RAILS,   AND   ROAD-BED. 

The  cflFect  of  the  material  of  the  tie  on  the  rolling-stock  is  difficult 
to  ascertain,  and  not  much  is  known  about  the  influence  of  niet.al  ties. 

But  it  may  he  noted  that  on  the  German  railways  in  1883  the  num- 
ber of  tire  bri*akages  per  100  miles  of  line  with  wooden  ties,  metal 
cross-ties,  and  metal  longitudinal  ties,  were  respectively  as  7.25  to  5.9G 
to  2.74;  showing  tiie  advantage  of  the  long-tie  system,  by  which  the 
shock  at  rail-joints  especially  is  diminished. 

The  weight  of  the  entire  superstructure  in  itself  and  the  good  tamp- 
ing of  the  ballast  conduce  to  its  quiet  position,  and  serve  to  I'isseu 
the  loss  in  rolling-stock  and  the  cost  of  maintenance. 

C.  P.  Sandberg,  the  well-known  expert  on  rails,  says  : 

"  It  is  a  great  mistake  to  diminish  the  rail  sectiou  in  consequence  of  the  adoption  of 
metal  ties,  as  has  been  done  on  some  railroads,  for  the  metal  in  the  tie  can  in  no 
sense  make  np  for  (he  metal  in  the  rail.  The  strong  rail  has  the  power  of  spreading 
the  effect  of  the  concussions  from  the  rolling  stock  over  several  neighboring  sleep- 
ers, thus  dividing  the  effect,  while  the  light,  weak  rail  will  concentrate  the  bl<»ws 
on  one  or  two  ties. 

"  The  heavy  flange  rail  also  is  a  sine  qua  non  for  the  success  of  a  metallic  i)erinani'u  t 
way  ;  if  by  '  permanency '  be  meant  anything  approaching  thirty  years  or  more." 

In  the  Revue  Generale  des  Chemins  de  fer,  April,  188G,  p.  260,  a  coin- 
l^arative  table  is  given,  showing  the  respective  durability  of  rails  on 
ordinary  roads  with  wooden  cross-ties,  and  roads  on  metal  ties  with 
the  Vautherin  and  the  Hoheneg  ger  system  (longitudinal  ties  32  feet 
long  with  one  cross-tie  to  each  length),  and  the  Ililf  system  (longi- 
tudinal tie  of  24J  and  29.J  feet  length  with  one  cross-tie  to  each  length). 

The  comparative  results  show  :  (1)  That  with  the  Vautherin  system 
the  wear  is  three  times  as  much  as  with  good  wooden  ties;  (2)  with  the 
Hohenegger  system  the  wear  is  four  times  as  rapid;  and  (3)  with  the 
Hilf  system  it  is  four  to  five  times  as  rapid  as  with  wooden  ties. 

Metal  ties  do  not  bend  visibly  like  those  of  wood,  but  descend  evenly, 
and  the  leverage  of  the  momentum  of  deflection  at  the  intersection  of 
the  rails  and  ties  is  greater  than  in  the  case  of  wooden  ties;  but  if  the 
strain  be  limited  to,  say,  4  tons  per  square  inch  for  iron,  and  about  half 
as  much  again  for  steel,  there  is  no  fear  for  the  resistance  of  metal 
sleepers. 

If  the  ballast  inside  the  rails  has  not  been  properly  packed,  so  that 
only  the  portions  outside  the  rails  sustain  the  whole  load,  the  momen- 
tum of  deflection  will  double,  but  even  then  there  will  be  nothing  to 
fear;  but  if,  on  the  contrary,  only  the  central  portion  of  the  tie  be- 
tween the  rails  bear  upon  the  ballast,  the  maximum  momentum  of 
deflection,  which  may  thus  be  increased  to  five  times  its  ordinary 
amount,  will  be  transferred  to  the  center  of  the  tie. 

Experience  has  shown,  however,  that  this  will  not  occur  if  care  be 
taken  not  to  pack  the  central  portion  of  the  tie. 

Filling  hollow  sleepers  with  ballast  having  a  certain  amount  of  cohe- 
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siou  is  not  recommended,  as  no  degree  of  elasticity  in  the  filling  sub- 
stance can  increase  the  resistance  to  deflection.  The  tamping  of  the 
ballast  under  steel  ties  must  be  so  done  that  the  middle  of  the  tie  is 
either  empty  or  at  least  not  compactly  filled  with  ballast,  while  for  a 
distance  of  12  to  15  inches  on  each  side  of  the  rail  the  ballast  must  be 
well  tamped.  -  ♦ 

It  is  also  important  that  during  the  first  few  months  after  the  ties 
are  laid  the  road  should  have  great  and  constant  attention  until  the 
bed  becomes  consolidated.  The  cost  of  this  ought  to  be  considered  as 
part  of  the  cost  of  laying  the  road. 

The  metal  tie  acts  best  on  firm  ground.  Thus  on  the  Li6ge-Lim- 
bourg  line  there  were  20,000  metal  ties  which  had  not  been  touched 
for  twenty-two  montbs  and  the  road  continued  in  a  most  satisfactory 
condition,  working  trains  running  at  a  maximum  speed  of  38  miles  per 
hour.  Lengths  of  ballast  of  medium  quality  in  which  wooden  ties  ap- 
peared to  be  dry  have  proved  unsatisfactory  with  iron  ties.  By  means 
of  their  pumping  action  the  latter  draw  the  wet  up  from  below  and 
work  the  ballast  into  mud,  making  a  solid  bed  impossible.  This  work- 
ing up  into  mud  occurs  also  with  wooden  ties,  but  only  after  the  bal- 
last has  become  completely  impermeable  for  water,  and  requires 
renewing  anyhow. 

The  reasons  for  tliis  difference  may  be  stated  as  follows : 

(1)  The  iron  ties  have  twice  the  deflection  of  the  wooden  ones. 

(2)  On  account  of  the  accurate  fastening  of  the  rail  to  the  iron  tie, 
it  shares  the  whole  vertical  motion  of  the  rail,  whereas  with  wooden 
ties  the  play  of  the  foot  of  the  rail  in  the  dogs  and  the  compressibility 
of  the  timber  both  tend  to  lessen  the  deflection  of  the  tie. 

(3)  The  hollow  body  of  the  iron  tie  is  very  favorable  to  the  formation 
of  an  air-tight  cavity,  inducing  the  pumping  action  above  referred  to. 

(4)  The  under  surface  of  the  wooden  tie  lies  twice  as  deep  as  that  of 
the  iron  one. 

The  working  up  of  the  ballast  into  mud  by  iron  ties,  on  certain  trial 
lengths,  has  interfered  with  their  more  general  introduction,  whereas 
the  failure  should  have  been  i)ut  down  to  the  inferiority  of  the  ballast 
and  its  impermeability  to  water.  It  would  be  found  that  in  similar 
ballast  an  accumulation  of  moisture  at  the  bottom  of  wooden  ties  takes 
place. 

Good  ballast  must  fulfill  the  following  two  conditions : 

(1)  It  must  be  capable  of  being  beaten  up  under  the  tie  into  a  firm 
mass  so  as  to  afford  the  greatest  possible  resistance  to  the  deflection 
when  the  load  comes  upon  the  tie  and  the  greatest  possible  resistance 
to  being  shaken  loose. 

(2)  At  the  same  time  the  material  must  be  such  that  between  the  ties 
there  may  be  in  it  interstices  for  the  passage  of  water,  but  also  the 
greatest  possible  cohesion  and  friction,  to  prevent  slipping  and  to  dis- 
tribute equally  the  pressure  of  the  load. 


Broken  stone  fulfills  these  conditions  best,  especially  as  to  drainage. 

Water  remains  longer  between  the  rails  and  ties  with  the  longitud- 
inal tie-systems  than  with  that  of  cross-ties,  as  on  account  of  the  solid 
body  below  it  is  drained  off  more  slowly  ;  therefore  in  winter  the  gravel 
bed  forms  a  frozen  body.  If  this  thaws  from  above,  the  long  tie  may 
lie  entirely  in  a  thawed  bed  and  the  cross-connection  in  a  frozen  bed. 
Then  the  cross-connections  are  points  between  which  the  long  ties  with 
the  rails  must  lie  free  or  imperfectly  supported.  From  this  occurrence 
danger  must  be  apprehended,  especially  in  changing  weather. 

Another  objection  is  made  on  account  of  frost-heaving.  If  in  a  wooden 
structure  one  rail  is  thus  lifted,  the  other  can  be  accommodated.  But 
in  iron  structures  a  greater  diversity  of  heavings  must  occur,  which  are 
not  so  easily  remedied. 

The  Royal  Prussian  Railway  management,  however,  using  Haarman's 
long-tie  system,  finds  this  objection  not  sustained  even  in  protracted 
frost  weather,  and  considers  this  system  eflScient  as  well  as  easily  and 
cheaply  maintained. 

On  the  Braunschweig  railroads  the  iron  superstructure  (long  tie)  upon 
hard  subsoil  is  not  easily  maintained  in  wet  weather. 

The  same  experience  has  been  made  in  Lorraine. 

But  on  the  Rhenish  system,  on  well-drained  ground,  no  difficulty  is 
experienced. 

On  the  road  from  Calbe  to  Blankenheim  (mountainous),  where  more 
than  60  miles  of  Hilf  long  ties  are  laid,  the  cost  of  maintenance  is 
double  that  of  wooden  ties,  the  reason  among  other  causes  being  the 
bad  condition  of  the  bed  material,  a  loamy  and  clayey  sand,  which  be- 
comes slippery  after  every  rain. 

A  simple  cross-tie  system  and  broken- stone  ballast  is  recommended 
on  badly  drained  soils. 

COST.* 

The  item  of  cost  is  naturally  of  primary  importance  with  good  finan- 
ciers, but  for  a  perpetual  concern  like  a  railroad  the  first  cost  is  not 
always  the  most  important  factor  of  calculation. 

In  fact,  the  saving  of  labor  for  renewals  and  maintenance  is  now  the 
vital  question  in  the  cost  of  railroad  working.  When  this  is  brought 
to  a  minimum  by  perfection  of  road,  safety  and  comfort  in  traveling,  as 
well  as  a  dividend,  will  be  secured. 

According  to  Sandberg,  who  advocates  only  the  most  solid  structure, 
the  desirable  metal  tie  may  be  said  to  cost  as  much  per  ton  and  weigh 
as  much  per  mile  of  line  as  the  rails  themselves. 

Gustav  Meyer  says : 

"Iron  cross-ties  of  110  pounds  weight,  costing  $1.73  each,  lunst  last  twenty-five  years 
in  order  not  to  involve  an  annual  charge  of  more  than  9.8  c.  (average  annual  charge 
for  wooden  ties  on  German  roads)." 

*For  original  cost  of  metal  ties  now  in  use,  see  table,  p.  118. 


To  get  at  the  annual  cost  lor  the  provision  and  renewal  of  railway 
ties  the  following  points  must  be  considered : 

(1)  The  annual  interest  on  first  cost. 

(2)  The  annual  sum  laid  aside  for  depreciation. 

(3)  The  "  old  material  value,"  lessening  the  amount  of  depreciation. 

(4)  Cost  of  labor  and  tools  for  replacing  ties. 

(5)  Cost  of  the  aitachment  to  the  rail. 

(6)  Cost  of  maintenance  in  the  road-bed. 

(7)  Influence  of  tie  upon  the  life  of  rolling-stock. 

The  first  cost  of  fastenings  for  wooden  ties  is  less  than  for  metal  ones, 
but  the  cost  of  renewal  is  greater  in  the  former  case,  so  that  in  the  end 
the  annual  cost  for  fastenings  becomes  less  in  the  case  of  metal  ties. 

The  cost  of  maintenance  of  a  steel-tie  road  three  and  one-half  years 
old  was  found  the  same  as  that  of  one  of  the  same  age  laid  on  wooden 
ties,  but  from  this  point  on  the  cost  of  the  latter  increases,  while  the 
cost  of  the  former  tends  to  diminish,  owing  to  the  consolidation  of  the 
bed.  One  of  the  district  engineers  of  the  Netherlands  Railroad  states 
that  on  a  test  piece  of  1,144  yards,  on  a  curve  of  820  yards  radius  and  a 
gradient  of  1  in  83,  no  tamping  of  the  ballast  was  required  for  22 
months  ending  December  31, 1884, and  that  the  only Inaintenance  re- 
quired was  one  man  for  34  days  inspecting  and  tightening  up  bolts. 

On  the  Rhenish  roads,  which  at  the  end  of  1879  had  112  miles  of  track 
laid  with  longitudinal,  and  197^  miles  with  cross  metal  ties,  and  to  which, 
during  1880,  were  added  94  and  138  miles,  respectively,  the  following  re- 
sults were  obtained  :  On  100  miles  of  track  with  wooden  ties  271  labor 
days  were  required  yearly  ;  with  metal  longitudinal  system,  on  an  aver- 
age of  three  years,  only  258,  or  5  per  cent,  less,  and  the  average  amount 
of  labor  expended  in  the  year  1879  was  only  209  days,  or  23  per  cent, 
less ;  with  iron  cross-ties,  during  an  average  of  25^  months,  242  days,  or 
11  per  cent,  less,  and  for  the  average  of  the  year  1879, 104^  days,  or  35 
jjer  cent,  less  were  required. 

In  Germany  the  cost  of  maintenance  has  been  found  to  vary  from  $38 
to  $3G0  per  mile  with  long-tie  system,  and  from  $47  to  $107  with  cross- 
ties,  subsoil,  bed  material,  and  kind  of  structure  causing  great  differ- 
ences. 

Taking  (1)  the  annual  interest  on  first  cost  (C)  at  5  per  cent,  (or 
0.05  C). 

(2)  Annual  allowance  (B)  to  be  charged  for  renewal  after  n  years, 
leaving  out  of  account  value  of  old  material : 

g_         0.05         p. 
1.05"+'  — 1.05     ' 

(3)  The  reduction  of  this  (B)  annual  allowance  due  to  value  of  old 
material  is: 

0.05 


1.05  "+'-1.05 


X  value  of  old  tie. 
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(4).  Annual  amount  to  be  allowed  {x  cents)  for  cost  of  changing  tie 

after  n  years  is : 

0.05 

Taking  the  value  of  old  wooden  tie  at  10  per  cent,  of  first  cost,  that  of 
old  iron  sleeper  at -10  per  cent.,  it  would  be  found  that  a  wooden  tie  of 
$1  first  cost  and  12  years'  life  costs  10.2  cents  per  annum  exclusive  of 
maintenance,  while  an  iron  tie  of  $2  first  cost,  lasting  30  years,  costs 
9.8  cents  per  annum.* 

Another  writer  inquires  how  much  more  a  metal  tie  will  cost  than  a 
wooden  one,  if  the  former  would  last  double  tbe  time  of  the  latter  and 
its  value  as  old  material  be  considered  40  per  cent,  of  its  first  cost 
(O/=0.4  N,),  while  that  of  the  old  wooden  tie  is  taken  as  10  per  cent,  of  its 
first  cost  (O,/=0.1  N„).  The  cost  of  renewal  (K=N  — O)  is,  in  the  case 
of  the  metal  tie,  ll,=0.6  N,,  and  for  the  wooden  tie  R/,=0.9  'i\„. 

The  annual  charge  for  renewal  (r),  if  life  of  ties  is  set  at  n,  and  n,^ 
years,  and  the  rate  of  interest  at  ^  per  cent.,  may  be  expressed: 

(setting  1^^^=.  as) 

r,=0.6  N,  -^  ,  for  metal 

e"'—l 

r,,=0.9'N,, — H—  for  wood, 
"e", —  1 

and  these  amounts  capitalized  (that  is  to  say,  the  capital  K,  the  interest 
on  which  at  p  per  cent.,  will  furnish  the  required  amounts  of  yearly 
charge  for  reserve  fund), 

li  =r — - — would  make 
e—1 

11,=-.-^! — -^X,  for  metal. 

0  9 
11,,=--^— ,  N,,  for  wood. 

"     e""  —  L    " 

Leaving  out  all  other  advantages  of  iron  ties,  that  is  to  say,  consider- 
ing only  the  longer  life  as  the  criterion,  W  may  be  taken  so  high  that 
the  first  cost  of  the  metal  tie,  together  with  the  capital  necessary  to  re- 
new it  indefinitely,  equals  the  sum  of  the  same  items  for  wooden  ties, 
namely: 

N,+R,=N,,+R,/  or  N,=N„4-K/,-R/ J 
and  by  substitution 

(e"»-0.1)  {^_^V) 
^^-(e»/_0.4)  (^'-/_1)-^^" 

If,  then,  W/=2„„,  that  is  to  say,  if  the  metal  tie  last  double  the  time  of 
he  wooden  tie,  the  cost  of  the  first  may  be 


_e*""+0.96""-0.1^ 


*  See  table  on  page  118 ;  also  bottom  of  page  122. 
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From  this  may  be  calculated  at  a  rate  of  interest  of  4  jtercent.  for  a 
wooden  tie  lasting  ten  years,  'is,=:l.d'K,,,  and  compared  with  a  creosoted 
wooden  tie  lasting  twenty  years,  N^=1.5N^, ;  that  is  to  say,  if  the  metal 
tie  lasts  twice  as  long  as  our  best  oak  ties,  its  original  cost  may  bo  al- 
lowed to  be  nearly  twice  as  much  as  the  oak  tie.  If  it  lasts  twice  as  long 
as  a  creosoted  tie  of  twenty  years'  duration,  it  may  cost  one  and  one- 
half  as  much  as  this  to  be  only  equally  as  expensive;  if  duration  and 
cost  of  renewal  alone  are  considered,  or,  as  our  best  oak  ties  do  not  aver- 
age more  than  eight  years'  life,  and  a  metal  tie  can  be  safely  said  to  last 
three  times  that  period,  reckoning  rate  of  interest  at  5  per  cent.,  at 
present  prices  for  metal,  and  considering  cost  of  renewal,  it  would  be 
economy  to  use  metal  ties  when  oak  ties  cost  70  to  80  cents,  and  pine 
ties  lasting  five  years  cost  50  to  55  cents. 

ADDENDA — JOINTED  AND   COMPOUND   CROSS-TIES. 

As  the  object  of  these  notes  is  to  point  out  where  a  saving;  in  the  use 
of  wooden  material  for  railroad  construction  may  be  effected,  the  fol- 
lowing suggestion  may  find  proper  place  here,  describing  a  system  of 
using  up  old  wooden  ties  practiced  on  the  Netherlands  "State  Kailways. 

The  best  wooden  ties  fail  at  the  point  where  the  rail  rests  on  the  tie, 
while  a  length  of  from  3  to  3Jfeet  between  the  rails  remains  quite  solid. 
Laying  two  such  lengths  sawed  offend  to  end,  they  are  joined  together 
by  a  length  of  inverted  channel  iron  let  into  the  timber,  so  that  its  web 
lies  upon  the  upper  surface.  The  rail  rests  on  the  channel  iron,  which 
thus  prevents  it  from  wearing  into  the  tie.  (By  bending,  the  l-in-20 
cant,  if  required,  can  be  given.) 

The  sawing,  dressing,  boring,  and  putting  together  of  these  compound 
wooden  and  iron  ties  can  be  done  in  wet  weather  by  the  trackmen,  thus 
saving  in  the  cost.  The  laying  and  batting  up  are  the  same  as  with 
ordinary  ties. 

As  these  compound  ties  have  four  end-faces,  they  offer  increased  re- 
sistance to  lateral  motion. 

In  July,  1882,  a  quantity  of  these  ties  were  laid  in  a  main  line  through 
a  station,  and  in  September  of  the  same  year,  a  further  number  on  a 
main  line  curve  of  50  chains  radius  and  a  gradient  of  1  in  62,  over 
which  ran  thirty  trains  a  day,  some  of  them  expresses.  Both  of  these 
lengths  have  required  no  different  treatment  from  the  adjoining  lengths 
laid  with  ordinarj'  wood  ties,  while  the  gauge  has  remained  exactly  true. 

In  a  similar  manner  may  be  joined  together  short  metal  waste  pieces 
which  are  left  in  making  steel  ties,  in  order  to  reduce  the  price  of  the 
perfect  steel  tie,  the  waste  pieces  being  riveted  together.  This  attempt 
to  i)roduce  a  cheap  steel  tie,  at  least  for  secondary  lines,  may  be  con- 
sidered quite  successful. 

The  Netherlands  State  Railway  in  June,  1885,  laid  a  number  of  such 
ties  on  a  curve  of  26  chains  ra<lius  with  a  gradient  of  1  in  62.    These 
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ties  have  shown  uo  disadvantages  during  loading,  unloading,  laying,  or 
battiug-up,  and  have  required  no  more  tamping  than  ordinary  ties 
near  them. 

There  are  six  different  types  of  these  riveted  ties,  in  all  of  which  the 
rivets  are  0.79  inch  diameter. 

The  joint  may  be  G  inches  from  the  center  of  the  tie,  so  as  to  allow  of 
short  pieces  being  used  up.  ' 

Another  proposition  for  the  use  of  waste  material  in  the  construction 
of  steel  ties  is  to  cut  old  steel  rails  (Vignoles  section)  into  lengths  of 
7  feet  10  inches  and  rivet  them  to  cast-iron  chairs  (those  used  with 
Vignoles  rails),  two  lengths  to  each  pair  of  chairs,  thus  forming  a  cheap, 
strong,  and  durable  tie,  which  will  be  worth  as  much  as  new  ties  would 
be  after  both  have  served  their  turn,  while  at  the  same  time  using  what 
is  now  a  drug  in  the  market. 

The  newest  proposition  is,  for  the  sake  of  cheapening  iron  ties,  to 
employ  soft  cast-iron,  avoiding  the  expense  of  rolling,  or,  rather,  for 
the  same  price  to  give  more  material  and  more  weight  to  the  tie. 

Such  ties  are  made  at  Halbergerhiitte,  near  Saarbriicken,  Germany, 
and  are  capable  of  being  deflected  (slightly)  without  breaking,  and 
are  tough  enough  not  to  break  on  being  dropped  by  the  men  handling 
them.  They  cost  $1.60  per  tie  and  weigh  220  pounds,  instead  of  110 
pounds,  the  weight  of  the  Haarmann  tie. 

To  obviate  the  objection  of  danger  from  spreading  of  gauges,  the 
writer  proposes  to  combine  with  this  cast-iron  tie  a  wooden  one,  for 
the  purpose  simply  of  holding  in  place  bolts  or  spikes  and  preventing 
the  sj)reading.  The  wooden  ties  thus  used  are  only  one-third  of  the 
thickness  of  those  now  in  use,  allowing  a  saving  of  material.  Longer 
bolts  or  spikes  (by  the  thickness  of  the  iron  tie)  are  to  be  used. 

The  additional  cost  of  this  constraction,  taking  original  wooden  ties 
at  $1.20  (now  ^  —  M)  cents)  and  ten  ties  for  100  feet  of  rail,  gives 
}%  —  ."•280  X  40  cents  =  $7.04  increased  cost  (Y  a  mile). 

The  Webbs  metal  superstructure,  introduced  on  the  London  and 
Northwestern  Railroad,  consists  of  steel  ties  (Vautherin  profile),  with 
six  holes  for  chairs  to  be  riveted  to  the  tie.  The  chair  consists  of  three 
parts,  bottom  plate  bent  to  correspond  to  rail  foot,  and  two  side  plates, 
the  interior  one  adjusted  to  the  rail  profile  below  top  flange,  the  outer 
allowing  a  space  for  the  reception  of  a  wooden  wedge,  which  tightens 
the  rail  in  the. chair.  The  tie  is  10  feet  7  inches  (2.7  meters)  and  weighs 
with  chair  and  bolts  175.6  i^ounds  (78.9  kilograms). 

The  newest  system  proposed  and  introduced  on  their  roads  by  the 
Bureau  du  Materiel  fixe  de  la  Compagnie  des  Ohemins  de  fer  de  I'Est, 
in  Paris,  preserves  as  much  as  possible  the  rectangular  cross-section  of 
the  wooden  tie,  especially  the  flat  underside,  which  is  important  for  a 
good  underbatting  j  it  combines  wood  and  iron  as  did  the  earlier  system 
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of  Cozyns  and  Debri^res  in  1862.  It  consists  of  a  simple  box  with  tbe 
two  ends  somewhat  curved  instead  of  being  rectanguhir  ;  ui)per  width 
of  tie  250  millimeters;  lower,  220  millimeters;  length,  2.7  meters  (10.0 
feet),  diminished  by  turning  down  the  ends  to  2.5  meters  ;  weight,  C5 
kilograms  (14  J  pounds).  The  fastening  is  the  important  feature  of  the 
system,  two  clamps  on  either  side  of  the  rail,  which  may  be  fastened 
to  or  cutout  of  the  tie,  allowing  ample  space  for  the  insertion  or  removal 
of  the  rail.  A  wooden  block  between  the  two  sets  of  clamj)s  driven 
under  the  rail  brings  tbis  into  place  tight  against  thivfasteningchi'nps, 
which  are  adjusted  to  the  rail  profile.  Two  spikes  driven  into  the  block 
on  the  inside  of  the  rail  hold  it  in  i>lace. 

The  International  Railway  Tie  Company  at  Bostou  offer  a  steel  tie 
which  has  for  a  short  time  been  in  experimental  use  on  the  Boston  and 
Maine  and  Maine  Central  Eailroads.  It  is  of  simple  construction, 
weighing  150  pounds,  and  can  be  made  at  $1.25  per  tie.  The  only  ob- 
jection to  it  so  far  found  has  been  a  tendency  to  blow  out  the  ballast, 
as  might  have  been  expected  on  account  of  the  open  ends  of  the  tie. 
According  to  latest  advice  improvements  in  the  coustryction  of  the  tie 
remove  this  objection,  and  by  simplification  the  price  can  be  reduced 
to  nearly  75  cents  per  tie. 

The  Des  Moines  Street  Railway  Company  have  laid  1,000  metallic 
lies  of  the  Johnson  Street  Steel  Rail  Company's  pattern,  weighing  30 
to  40  pounds  and  costing  $1.25  per  tie,  the  rail  fastened  with  clamps, 
one  riveted  to  the  tie,  the  other  braced  against  a  keeper  and  firmly 
bolted.  The  structure  lies  on  cedar  blocks  with  plank  flooring.  Mr. 
Frank  A.  Sherman,  secretary  of  the  company,  writes  after  six  months' 
use  of  the  ties  :  "Aside  from  the  cost  (we  estimate  it  as  3  to  1  for  oak 
ties)  we  believe  the  metal  ties  practicable.  They  are  easily  and  quickly 
laid,  can  be  removed  readily  without  seriously  disturbing  pavements, 
and  the  rails  are  firmly  fastened  to  the  tie  so  that  spreading  of  track  is 
next  to  impossible." 


Appendix  4. 

CONNECTION  OF  RAILROADS  WITH  FOREST  FIRES. 

By  N.  H.  Egleston,  Ageiit  of  the  Department. 


Railroads,  in  addition  to  the  great  consumption  of  the  forests  in- 
volved in  their  construction  and  use,  as  in  the  production  of  ties,  bridge, 
trestle  and  platform  timber,  as  well  as  building  cars  and  securing  a  sup- 
ply of  fuel,  are  very  destructive  to  the  forests  by  means  of  fires  occa- 
sioned by  their  engines.  Investigation  shows  the  latter  source  of  loss 
to  be  a  very  serious  matter  at  present,  and  a  more  serious  one  prospect- 
ively. 

In  the  census  year  1880  an  attempt  was  made,  under  the  direction 
of  the  Government,  to  ascertain  the  extent  of  injury  inflicted  upon  the 
forests  by  means  of  fires  and  the  causes  by  which  the  fires  were  occa- 
sioned. Thirty  thousand  circulars  making  inquiry  on  the  subject 
were  sent  out,  reaching  every  town  ,iu  the  country.  Replies  to  all  of 
the  circulars  were  not  elicited,  but  it  was  clearly  shown  that  during 
the  year  1880  not  less  than  10,274,089  acres  of  woodland  were  burned 
over,  involving  a  loss  of  $25,462,250. 

Among  the  causes  of  forest  fires,  railroad  locomotives  were  re- 
ported as  among  the  most  prominent,  standing  third  on  the  list  in 
this  respect,  only  hunters  and  persons  engaged  in  clearing  land  having 
occasioned  more.  One-sixth  of  all  the  fires  reported  were  attributed 
to  them.  Another  and  independent  investigation  attributed  one-eighth 
of  the  forest  fires  to  this  source. 

The  published  reports  do  not  undertake  to  give  the  extent  of  each 
fire,  or  the  value  of  the  forest  or  other  property  destroyed  in  each  case. 
We  cannot  say  with  precision,  therefore,  what  was  their  extent  or  the 
damage  occasioned  by  the  fires  set  by  locomotives  as  comi)ared  with 
those  originated  by  other  means.  But  we  have  503  fires  reported  as 
kindled  by  railroad  engines.  How  many  more  may  have  originated  in 
this  way,  which  have  not  been  reported,  we  have  no  means  of  ascer- 
taining. If  we  assume  that  the  average  amount  of  destruction  occa- 
sioned by  fires  started  by  locomotives  equals  that  of  other  woodland 
fires,  then  we  have  1,712,348  acres  of  forest  consumed  and  property  of 
the  value  of  $4,244,208  destroyed  by  these  locomotive  fires.  This 
amount,  therefore,  is  to  be  added  to  the  consumption  of  the  forests 
for  ties,  bridge  timber,  &c.,  in  making  up  the  account  of  the  drain  upon 
the  forests  attributable  to  the  railroads. 
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The  following  table  shows  tha  percentages  of  forest  fires  occasioned 
by  locomotives  in  the  severa*  States  so  far  as  ascertainable  from  the 
reports  received: 

Table  showing  number  of  forest  fires  in  1880,  acres  burned,  number  of  fires  caused  by  loco- 
motives, percentage  of  these  compared  with  forest  fires  from  all  causes,  and  probable 
valtie  of  property  destroyed  by  locomotwes  in  each  State  from  tchich  reports  have  been  re- 
ceived. 
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Alabama 

Delaware 

Geor^a 

Indiana 

Iowa 

Kansas 

Kentucky  

Maine 

Maryland 

Miussachasetts... 
Michigan  ........ 

Minnesota ., 

MjAsissippi 

M.asoari 

Montana 

Kew  Hampshire . 
New  Jersey...... 

New  Mexico 

New  York 

North  Carolina  . . 
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South  Carolina... 

Tennessee 
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Vcginia 

West  Virginia... 
Wisconsin 
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14 
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46 
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267 
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39 
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221 
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67 
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569,160 

3,305 

705,  351 

90,427 

11,017 

7,060 

556, 647 

35,  230 

41,-^6 

13,890 

238, 271 

250, 805 

222, 800 

78:<,  646 

88,  020 

5,954 

71,  074 

64,034 

149, 491 

546,102 

74, 114 

685,  738 

431,730 

985,  430 

3,941 

272, 319 

476, 775 

406,  298 
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10 
11 
18 
24 
33 
16 
15 

3 
16 
20 
44 
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42 

5 
14 
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8 
28      i 
25      1 
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11       I 


$7,273 

6.583 

6,704 

26,067 

5,001 

1,470 

26,139 

22,197 

8,982 

33,746 

157,  758 

209, 266 

2,355 

47, 178 

225,600 

27,988  i 

131, 154 

2,950 

508,530 

17,899 

111,603 

1, 065,  303 

4,306 

420,  398 

13,  571 

81,  7C1 

20,186 

79, 817 


3,291,847 
12.9  pr.  ct. 


34,149 

1,368 
28, 214 
18,085 

1,212 

708 

01,  231 

6.341 

9,858 

4,566 
38, 123 
37.  G'M 

6,684 

125,383 

17,604 

2,620 
36,948 

1,280 

62, 786 

27, 305 

10,  375 

240, 008 

6,476 
78,  834 

1,103 
68,080 
61,980 
44,693 


1,  033,  571 
10.06  pr.  ct. 


There  are  some  particular  considerations  in  connection  with  forest 
fires  which  make  them  worthy  of  special  notice.  In  the  first  place,  in 
the  case  of  coniferous  trees,  they  may  not  only  consume  the  ripe  tim- 
ber, causing  its  total  loss,  but  they  destroy  the  young  trees,  which  would 
soon  replace  the  full-grown  ones  and  thus  continue  the  existence  of 
the  forest.  But  this  is  not  all.  The  destruction  of  the  forests  by  fire  is 
oft^n  much  more  disastrous,  attended  by  effects  reaching  beyond  the  sim- 
ple destruction  of  growing  wood,  whether  old  or  young.  The  lumber, 
man  cuts  simply  the  standing  timber,  leaving  the  ground  to  be  covered 
soon  by  another  wood  growth,  possibly  not  so  good  as  that  removed, 
but  having  an  appreciable  value.  In  a  forest  of  deciduous  trees 
many  of  the  stumps  soon  send  up  copious  sprouts,  and,  if  cattle  are  not 
allowed  to  intrude,  a  coppice  will  be  quickly  formed.  But  where  the 
forest  is  ravaged  by  fire,  there  is  involved  not  only  the  destruction  of 
the  present  stand  of  timber,  or  at  least  its  great  deterioration,  but  the 
roots  of  the  trees  may  also  be  burned  and  their  vitality  destroj'ed.  The 
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tree  seeds  aiso,  which  are  in  the  soil  ready  to  sprout  aud  renew  the 
forest  growth,  are  consumed.  The  very  soil  itself  is  often  burned  to 
such  a  depth  that  inauy  years  must  elapse  before  it  will  regain  the 
ability  to  support  any  useful  gn)wth  whatever. 

Thus  it  appears  that  the  raih'oads  are  not  only  great  consumers  of  the 
forests,  in  a  legitimate  way,  for  their  own  construction  and  maintenance 
aud  by  the  destruction  of  standing  timber  occasioned  by  fires  from  their 
locomotives,  but  they  also  take  away,  in  many  cases,  the  reproductive 
power  of  the  woodland  tracts  over  which  these  fires  may  run. 

The  exposure  of  forests  near  railroad  lines  to  destruction  by  fire  occa- 
sioned by  passing  engines  operates  to  discourage  the  holding  or  i)laut- 
ing  of  woodland  in  such  situations.  In  some  of  our  States  fires 
caused  by  locomotives  have  become  so  frequent  and  destructive  that 
growing  timber  is  regarded  as  hazardous  property.  In  New  Jersey, 
which  abounds  in  pine  forests,  the  danger  from  locomotives  is  so  great 
that  timber  land  near  railroads  has  only  a  nominal  market  value.  In 
Cumberland  County,  in  1880,  a  fire  was  started  by  sparks  from  a  loco- 
motive and  spread  10  miles  in  one  direction,  consuming  from  40,000  to 
80,000  acres  of  forest,  involving  a  loss  of  $320,000.  A  correspondent 
from  that  county  estimates  that  three-fourths  of  all  the  fires  in  New 
Jersey  originate  from  locomotives.  Great  destruction  of  the  forests  in 
Pennsylvania  is  attributed  to  the  same  cause,  and  the  annual  loss  is 
estimated  at  millions  of  dollars. 

The  fact  that  these  losses  are  so  great,  and  that  they  are  not  neces- 
saril}'  incidental  to  any  important  business ;  that  the  destruction  of  tbe 
forests  in  this  way  does  not,  like  cutting  cord-wood  to  be  burned  in  the 
factory,  the  furnace,  or  for  domestic  jjurposes,  subserve  important  in- 
dustries or  promote  human  comfort,  but  is  a  loss  simple  and  total,  ap- 
peals to  all,  to  railroad  managers  as  well  as  others,  to  employ  every 
practicable  means  for  the  suppression  of  these  fires. 

LAWS  IN   REGARD   TO  FIRES   OCCASIONED   BY  LOCOMOTIVES. 

The  growth  of  railroads  has  given  origin  naturally  and  necessarily 
to  a  considerable  body  of  law  defining  and  protecting  the  rights  and 
enforcing  the  obligations  appertaining  to  railway  corporations.  This 
body  of  law,  however,  relating  as  it  does  to  corporate  organizations 
which  have  come  into  existence  within  the  last  fifty,  and  most  of 
them  within  the  last  twenty  or  twenty-five  years,  is  not  as  complete  and 
definite  as  are  the  provisions  of  law  which  have  been  longer  in  the  pro- 
cess of  formation  because  relating  to  matters  longer  in  existence  and 
needing  legal  regulation.  In  our  own  country  the  responsibility  of  rail- 
roads for  damages  occasioned  by  fires  kindled  by  sparks  from  their  en- 
gines has  been  settled  by  statute  in  comparatively  few  cases.  It  is 
dependent  mostly  upon  the  application  of  the  common  law,  and  the 
adjudication  of  this  diflers  in  the  various  States.     It  is  a  maxim  of  that 
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law  that  one  is  to  use  and  enjoy  his  own  property  in  such  a  manner 
as  will  not  involve  the  injury  of  another.  It  is  held  that  fire,  being  a 
d'angerons  element,  whoever  lights  a  tire,  whether  in  a  dwelling,  in  the 
field,  or  elsewhere,  is  bound  to  keep  it  so  within  his  control  that  it  shall 
not  occasion  damage  to  any  one  else.  But  he  is  held  only  to  reasona- 
ble care  and  prudence  in  this  respect,  and  there  is  room,  in  a  multitude 
of  cases,  for  dispute  whether  there  was  requisite  care  or  such  negli- 
gence as  to  render  one  liable  for  damages. 

Ill  most  of  our  States,  as  has  been  said,  the  liability  of  railroads  for 
damage  occasioned  by  sparks  from  locomotives  is  determined  by  the 
common  law.  Most  of  the  States,  however,  have  made  enactments  on 
the  subject.  In  Colorado,  for  example,  railroad  companies  are  required 
to  have  a  strip  of  ground,  not  less  than  6  feet  wide,  plowed  every  year 
between  July  and  October  on  each  side  of  the  line  of  road,  suflBcient 
to  prevent  the  spread  of  fire.  This  is  not  required  within  the  limits  of 
towns  or  cities,  or  on  roads  running  through  mountains  where  plowing 
would  be  impracticable. 

In  Connecticut  the  statute  declares  the  fact  that  a  jflre  was  occa. 
sioned  by  a  locomotive  shall  be  prima  facie  evidence  to  charge  with 
negligence  those  owning  or  operating  the  railroad  on  which  the  loco- 
motive was  in  use.  In  Massachusetts  whoever  willfully  or  without 
proper  care  sets  fire  to  the  property  of  another  is  liable  to  a  fine  of 
$250,  and  fire  wardens  are  directed  to  prosecute  such  offenders. 

In  Illinois  the  fact  that  a  fire  has  been  started  by  sparks  from  a  loco- 
motive is  made,  as  in  Connecticut,  presumptive  evidence  of  criminal 
negligence. 

The  law  of  Maine  enacts  that  when  property  is  injured  by  fire  com- 
municated by  a  locomotive,  the  corporation  using  it  is  responsible  for 
such  injury,  and  it  has  an  insurable  interest  in  the  property  along  the 
route  for  which  it  is  responsible  and  may  procure  insurance  thereon. 

In  Maryland,  railroad  companies  are  responsible  for  injuries  occa- 
sioned by  fire,  unless  they  can  prove  to  the  satisfaction  of  the  court 
that  there  was  no  negligence. 

In  Michigan  railroad  companies  are  made  liable  for  all  loss  or  dam- 
age occasioned  by  the  engines  or  employes  of  such  companies.  It  is 
provifled,  however,  that  they  shall  not  be  liable  if  the  engines  are  in 
good  order  and  properly  managed,  all  proper  precautions  are  taken  to 
prevent  the  origin  of  fires,  and  proper  efforts  are  made  to  extinguish 
fires,  in  case  of  their  extending  beyond  the  limits  of  the  road,  when  the 
existence  of  such  fires  is  communicated  to  any  of  the  oflScers  of  the 
road. 

In  New  Hampshire  railroads  are  made  liable  for  all  damages.  They 
are  also  declared  to  have  an  insurable  interest  in  all  property  on  the 
line  of  the  road  exposed  to  damage. 

The  law  of  Vermont  is  similar  to  that  of  New  Hampshire. 
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lu  New  Jersey  it  is  i)rovitled  tba';  eugiues  must  have  screens,  and  the 
fact  of  fire  is  made  prima  facie  evideucc  of  the  violation  of  the  law. 

The  exposure  of  the  railroad  coini)auie8  to  complaints  on  account  of 
tires  originated  by  their  locomotives,  and  to  suits  at  law  for  damages, 
as  well  as  other  reasons  appealing  to  their  self-interest,  have  led  to 
many  and  protracted  experiments  for  the  purpose  of  preventing  dam 
age  to  property  arising  from  this  source  and  inconvenience  to  pas- 
sengers. Many  contrivances  for  this  purpose  have  been  tried.  Some 
have  been,  in  a  degree,  successful,  but  most  of  them  have  proved  fail- 
ures in  practice.  Within  a  few  years,  however,  spark-arresters  have 
been  devised  which  railroad  engineers  and  managers  declare  to  be 
soeflQcient  in  securing  the  end  desired  that  it  would  seem  to  be  imposing 
uo  hardship  on  the  railroad  companies  to  compel  them  by  law  to  fur- 
nish all  their  locomotives,  as  a  condition  of  their  use,  with  one  or  another 
of  these  safeguards.  An  eminent  expounder  of  the  English  common 
law  says  that  though  railway  companies  may  be  expressly  authorized 
by  statute  to  use  locomotive  furnaces  of  a  dangerous  character,  ''  no 
statute  can  exempt  them  from  the  consequences  of  negligence  in  the 
management  of  their  railways,  or  the  construction  of  their  fireboxes, 
chimneys,  or  furnaces  whereby  coals  of  fire  are  thrown  on  the  adjoin- 
ing property.  If  they  neglect  to  avail  themselves  of  all  such  contri- 
vances as  are  in  known  practical  use  to  prevent  the  emission  of  sparks 
from  their  engines,  they  will  be  responsible  for  such  neglect,  and  if  they 
run  locomotives  without  statutable  authority,  in  that  case  they  are  re- 
sponsible for  any  damage  caused  by  such  engines  in  setting  fire  to 
adjoining  property  or  otherwise,  although  they  have  not  been  guilty  of 
negligence." 

It  would  seem  that  our  interpretation  of  the  common  law  should  be  as 
effective  as  that  of  England  in  protecting  property  from  destruction  by 
fires  originating  from  passing  locomotives,  or  that  our  statute  laws 
should  be  made  to  accomplish  the  same  end. 


SMOKE-CONSUMING  DEVICE  FOR  LOCOMOTIVES.* 

By  J.  N.  Lauder, 
Superintendent  of  Motive  Power,  Old  Colony  Railroad. 

In  presenting  this  paper  on  smoke-consuming  devices  for  locomotives,  it  is  not  my 
purpose  to  enter  into  the  details  of  the  mechanical  construction  of  the  various  devices 
that  have  been  experimented  with  in  a  practical  way  during  the  last  thirty  years,  or, 
to  speak  more  accurately,  ever  since  the  locomotive  was  brought  into  existence,  but 
to  give,  in  a  general  way,  what  has  been  done  in  the  past  and  what  is  being  done  at 
the  present  time  to  mitigate  the  evils  of  the  discharge  of  uncousunied  products  of 
combustion  from  the  chimney  of  the  locomotive. 

*  Reprinted  from  the  Proceedings  of  the  American  Forestry  Congress  at  Boston, 
Mass.,  1885. 
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The  smoke  and  sparks  that  aro  discharged  from  the  locomotive  are  so  annoying  to 
pa88enger3  that  on  some  of  our  lines  a  trip  by  rail  on  a  hot  day  is  something  to  be 
dreaded,  and  the  danger  to  forests  and  other  property  from  fires  set  by  these  sparks 
is,  in  the  aggregate,  enormous. 

To  the  novice  the  remedy  for  all  this  would  seem  to  be  to  so  arrange  the  furnace 
Tlint  perfect  combustion  would  take  place.     This  may  bo  done  on  stationary  or  marinf^ 

lucines,  where  heating  surface  enough  can  bo  provided  to  allow  of  slow  and  perfect 
diubustiou,  but  in  the  locomotive  the  weight  and  size  of  boiler  is  limited  and  artifi- 
cial means  must  be  used  to  provide  for  such  rapid  combustiou  as  is  required  when  the 
engine  is  developing  its  full  power. 

The  attention  of  locomotive  mechanics  has  been  drawn  to  this  question  of  fuei- 
"tubustion  ever  since  the  birth  of  the  locomotive,  but  their  efforts  to  make  it  perfect 
ve  been  only  partially  successful,  and  while  the  heating  surface  of  our  boilers  is  so 
Muall  in  comparison  with  the  requirements  of  the  engines  a  forced  draft  will  have  to 
be  resorted  to.  This  fact  being  recognized,  it  necessarily  follows  that  when  the  en- 
gine is  developing  its  full  power  the  artificial  draft  is  so  strong  that  small  particles  of 
coal  will  be  lifted  from  the  fire  and  drawn  through  the  flues  unconsumcd  and  dia.^ 
charged  out  of  the  chimney  in  the  form  of  what  is  called  sparks.  The  fact  that  some 
solid  matter  will  be  drawn  through  the  flues  from  the  fire  being  established,  I  will 
now  briefly  consider  the  various  mechanical  contrivances  that  have  from  time  to  time 
been  brought  forward  to  arrest  and  dispose  of  these  solids. 

Among  the  earliest  contrivances  (when  wood  was  the  universal  fuel  used  in  this 
country)  was  a  chimney  shaped  like  a  funnel  placed  with  the  broad- mouth  upward. 
This  broad  end  was  covered  with  a  wire  screen,  and  inside  of  this  chimney  was  placed 
a  straight  pipe  somewhat  smaller  than  the  smallest  diameter  of  the  chimney,  its  height 
being  about  two-thirds  that  of  the  chimney.  Over  this,  and  near  the  wire  screen, 
was  mounted  a  deflecting  plate  with  edges  curving  downward.  A  spark-reservoir 
^vas  placed  in  some  suitable  position  near  the  smoke-box,  and  pipes  were  made  to  lead 
from  the  annular  space  between  the  chimney  and  the  inside  pipe  to  this  reservoir. 
The  operation  of  this  arrangement  was  as  follows : 

The  unconsumed  products  of  combustion  that  were  drawn  through  the  flues  were 
driven  by  the  exhaust  steam  upwards  against  the  curved  deflector  at  the  top  of  the 
chimney,  and  the  larger  and  heavier  particles  were  forced  down  and  into  the  spark- 
reservoir.  The  lighter  particles  would  pass  to  the  atmosphere  through  the  wirescreeu, 
but  wonld  rarely  have  life  enough  to  set  anything  on  fire.  The  reservoir,  however, 
was  soon  abandoned,  as  it  was  found  in  practice  that  with  wood  for  fuel  the  sparks 
wore  so  reduced  in  size  by  friction  in  their  passage  through  the  flues  aud  chimney 
that  they  could  all  pass  through  the  screen  to  the  atmosphere  with  little  danger  ot 
setting  fires. 

When  coal  came  to  be  used  as  fuel  the  old  arrangement  of  chimney  was  found  to 
be  unsuitable,  and  new  appliances  had  to  be  devised.  A  now  and  annoying  element 
had  to  be  met — that  of  gas  and  smoke,  caused  by  imperfect  combustion  in  the  furnace. 
When  fresh  coal  is  added  to  the  fire  a  vast  quantity  of  gas  is  evolved  and  unless  a 
suflicient  quantity  of  atmospheric  air  is  brought  into  immediate  contact  with  it,  it 
will  pass  oft'  in  the  form  of  smoke. 

Various  plans  to  furnish  the  requisite  amount  of  air,  and  at  the  proper  time,  have 
been  tried,  but  the  varying  conditions  under  which  the  engine  is  working  have  so  far 
made  it  practically  a  failure. 

Letting  air  into  the  furuace  over  the  fire,  while  it  will  prevent  the  formation  of  smoke 
if  let  in  iu  sufficient  quantity,  will  also  lower  the  steam-producing  qualities  of  the 
boiler.  Air  mixed  with  a  jot  of  steam  driven  into  the  furnace  over  the  fire  baa  been 
tried  at  various  times  and  in  various  ways,  but  it  has  always  ended  iu  failure.  D. 
K.  Clark,  the  eminent  English  engineer  and  author,  iu  his  work  on  the  locomotive, 
describes  a  method  of  injecting  air  and  steam  mixed  into  the  furnace  of  u  locomotive 
boiler  to  promote  the  combustion  of  the  gases. 
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Recent  so-called  inventions  brought  out  in  this  country  are  almost  exact  duplicates 
of  appliances  described  by  Clark  long  ago. 

Rotary  blowers  have  been  used  to  drive  the  products  of  combustion  from  the  smoke- 
box  back  to  and  into  the  fiiru.ice  \o  bo  subjected  to  a  reburning  process,  but  snch 
methods  never  got  beyond  tlie  experimental  stage.  Double  or  twin  furnaces  have 
been  trieil,  but  while  producing  good  combustion  the  mechanical  difliculties  to  be 
overcome  have  thus  far  interfered  with  their  success.  Several  years  ago  mechanical 
devices  of  various  forms  were  quite  largely  used  for  driving  the  solid,  uncousumed 
products  of  combustion  from  the  smoke-box  back  through  suitable  tubes  to  the  fur- 
nace, but  they  have  nearly  all  given  way  to  more  modern  and  better  methods. 

I  will  now  proceed  to  discuss  the  most  approved  methods  of  promoting  combustion, 
and  also  the  mechanical  means  employed  to  prevent  the  escape  of  sparks  from  the 
chimney.  And  here  let  me  say,  curious  as  it  may  seem,  the  wonderful  discoveries 
made  in  the  last  twenty  years  in  the  production  of  steel  have  a  direct  bearing  on  the 
question  under  discussion. 

The  substitution  of  steel  for  iron  in  rails  and  tires  has  made  it  possible  to  so  increase 
the  weight  of  the  locomotive  that  larger  boilers  can  be  used,  and  therefore  a  very  much 
greater  heating  surface  in  proportion  to  the  cylinder  area.  This  fact  makes  it  possible 
to  do  what  could  not  be  done  were  soft-iron  rails  and  tires  still  in  use. 

The  modern  locomotive  boiler  has  little  to  distinguish  it  from  its  prototype  of  thirty 
years  ago.  All  combustion  chambers,  water  tables,  and  complications  of  all  kinds 
have  been  discarded,  and  we  have  the  plain  rectangular  furnace,  with  plenty  of  tubes 
to  freely  carry  off  the  products  of  combustion.  Its  leading  feature  is  its  size  and 
large  heating  surface.  Its  enormous  evaporative  power  will  be  recognized  when  I 
say  that  this  boiler,  when  pushed  to  its  full  capacity,  will  convert  .},000  gallons  of 
water  per  hour  into  steam.  To  accomplish  this  amount  of  work  o:;  a  grate  surface  of 
only  18  square  feet,  very  rapid  combustion  must  be  maintained,  and  this  can  be  done 
only  by  a  forced  draft.  A  forced  draft  means  imperfect  combnslion,  and  imperfect 
combustion  means  particles  of  uncousumed  coal  drawn  through  the  tubes.  These 
uncousumed  solids  must  be  arrested  in  their  course  to  the  atmosphere  and  deposited 
iu  receptacles  where  their  presence  will  not  be  harmful.  This  is  measurably  accom- 
plished by  the  use  of  the  appliances  shown  iu  the  drawings.  The  smoke-box  is  made 
twice  the  usual  length  ;  a  coarse  wire-screen  is  drawn  across  high  enough  to  be  above 
all  the  boiler  flues ;  the  chimney  is  a  plain,  open  pipe,  smooth  and  free  from  obstruc- 
tions.; the  exhaust  pipes  are  carried  up  through  the  screen,  terminating  in  a  single 
nozzle.  In  front  of  the  flues  a  deflecting  plate  is  placed  at  a  suitable  distance  from 
the  ends  of  the  flues,  and  is  set  at  an  angle  of  about  twenty  degrees.  The  functions 
of  this  plate  are  twofold — first,  it  equalizes  the  draft  through  the  flues ;  and,  second, 
it  deflects  the  sparks  downward,  and  instead  of  their  being  shot  upward  through  the 
chimney  they  are  banked  up  iu  the  forward  end  of  the  smoke-box,  there  to  remain 
until  they  are  removed  at  the  end  of  the  trip.  In  the  furnace  is  placed  a  fire-brick 
arch,  extending  entirely  across  the  furnace  and  from  the  flue-sheet  under  the  flues 
back  about  two-thirds  of  the  length  of  the  furnace.  The  gases,  as  they  arise  from  the 
coal,  are  forced  to  travel  back  and  over  this  arch  on  their  passage  to  the  flues,  and  by 
the  delay  thus  caused,  and  also  by  their  contact  with  the  intensely  hot  fire-brick  com- 
posing the  arch,  are  very  thoroughly  consumed.  The  un burned  solids  lifted  from  the 
fire  are  also  prevented  from  being  drawn  directly  into  the  flues,  the  force  of  the  draft 
caused  by  the  exhaust  steam  in  the  chimney  causing  them  to  impinge  against  the  hot 
brick,  where  the  heat  is  so  intense  that  a  large  percentage  of  them  are  consumed  that 
would  otherwise  be  drawn  through  the  flues  iu  a  solid  state.  The  brick  arch  is  sup- 
ported on  four  iron  tubes,  placed  diagonally  in  the  furnace,  connecting  the  water- 
space  under  the  flues  with  the  water  over  the  furnace  crown.  These  tubes  not  only 
make  a  reliable  support  for  the  brick,  but  best  promote  the  circulation  of  the  water 
in  the  boiler. 

The  arrangement  of  smoke-arch  described  is  not  of  recent  design,  but  was  patented 
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in  subatimtially  its  preseut  form  about  twouty  years  ajjo  by  Mr.  Joliu  Tboiupsou,  of 
East  Boston,  who  was  then  connected  with  the  Eastern  Railroad  in  the  capacity  of 
master  mechauic.  It  was  tried  thoroughly  by  him  at  that  time,  but  was  abandoned 
for  the  reason  that  a  comparatively  few  miles  run  would  till  up  the  smoke-arch  with 
sparksand  so  interfere  with  the  draft  that  the  capacity  of  the  boiler  to  generate  steam 
in  sullicient  quantities  to  supply  the  wants  of  the  engiue  was  destroyed.  The  small 
furnaces  used  at  that  time  and  the  i)Owerful  artificial  draft  made  necessary  thereby 
produced  this  result. 

As  I  stated  in  a  former  paragraph,  the  introduction  oi  steel  for  rails  and  tires  made 
the  use  of  larger  boilers  possible,  and  with  their  introduction  came  the  successful  use 
of  the  spark-consuming  and  arresting  devices  described.  The  railroad  with  which  I 
am  connected  has  had  these  appliances  in  use  on  a  limited  number  of  engines  for  the 
past  two  years,  and  in  no  case  has  a  forest  or  other  fire  been  set  by  them,  and  if  kept 
in  proper  order  I  believe  they  are  absolutely  safe. 

In  conclusion,  I  wish  to  say  that  careful  and  intelligent  manipulation  of  the  fire  by 
the  fireman  is  imperative,  and  will  do  more  to  prevent  the  formation  of  smoke  than 
any  mechanical  contrivances. 

Upon  solicitation  the  following  letter  on  the  same  subject  was  received 
by  the  Department : 

IMPORTANCE  OF  SPARK-ARRESTERS. 

Chicago  and  Nokthwestern  Railway  Company, 
Department  of  Motive  Power  and  Machinery, 

Chicago,  October  87,  1686. 
Hon.  Norman  J.  Colman, 

Commissioner  of  Agriculture. 
Dear  Sir  :  Therewith  beg  leave  to  submit  the  following  in  answer  to  your  request 
in  regard  to  the  best  appliances  iu  use  on  locomotives  on  the  railways  of  this  country 
for  the  prevention  of  tires  on  the  lines  of  such  railways,  the  ])reservatiou  of  forests, 
and  all  vegetation  contiguous  to  them.  It  is  a  subject  that  has  engaged  and  is,  I 
believe,  engaging  the  attention  of  many  of  the  practical  and  scientific  men  of  tho 
day.  Perhaps  the  subject  has  not  yet  received  the  attention  it  deserves,  but  I  believe 
there  is  a  growing  tendency,  both  by  railway  oflicials  and  'those  not  connected  with 
railways,  to  solve  this  question ;  and  while  I  do  not  think  we  have  attained  perfec- 
tion, and  never  may  attain  it,  I  do  think  great  improvements  have  been  made  in  this 
direction  within  the  last  few  years.  For  many  years  the  almost  universal  practice 
was  to  use  what  is  called  the  *' Diamond  Stack,''  which  is  too  generally  known  to 
need  a  description  here.  While  this  and  its  appliances  may  have  been  faulty  in  prin- 
ciple, or  iu  some  particulars,  it  has  been  considered  the  standard  until  within  a  few 
years,  when  to  some  extent  it  has  been  superseded  by  other  appliances  for  arresting 
sparks,  among  which  (and  one  that  is  meeting  with  the  most  favor)  is  what  is  known 
as  the  "Extended  Front-end  and  Straight  Stack."  This  device  differs  materially 
from  the  appliances  used  with  the  "Diamond  Stack,"  both  in  construction  and  prin- 
ciple. With  the  "Diamond  Stack"  the  practice  usually  has  been  to  place  the  netting 
iu  the  stack  over  a  cast-iron  cone  or  deflectoi",  the  point  of  discharge  of  the  exhaust 
pipes  from  8  to  12  inches  above  the  lower  row  of  tubes  in  the  boiler,  and  between 
the  top  of  the  exhaust  pipes  and  the  bottom  of  the  stack,  an  intermediate  pipe  made 
of  a  size  to  give  the  best  results  according  to  the  varying  conditions,  and  designated 
as  an  "extension  pipe,"  "petticoat  pipe,"  and  by  various  other  names,  but  all  for 
the  same  purpose,  although  varying  in  construction,  to  equalize  the  draft  and  carry 
the  cinders  that  would  be  drawn  through  the  flues  iu  a  straight  line  to  the  iioint  or 
center  of  the  cone  or  deflector;  here  they  would  be  turned  downward  again  and 
broken  up  by  contact  with  the  cone  or  deflector,  and  either  be  burned  in  the  bottom 
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of  the  smoke-box  or  pass  out  tliroiigU  the  uotting  above.  This  is  but  oue  of  the  many 
devices  iu  use,  varying  in  construction,  but  yet  embody ing  the  same  general  princi- 
ples. With  the  "  Extended  Front-end"  the  principle  is  different  iu  many  particulars; 
the  exhaust  pipes  are  carried  higher,  the  point  of  discharge  being  above  the  netting, 
creating  what  may  be  perhaps  fitly  called  a  vacuum  draft,  instead  of  a  direct  or  more 
forced  draft  (as  in  the  other  devices  named),  thus  admitting  of  a  larj^er  area  of  netting 
and  equalizing  the  draft  more  perfectly  than  with  the  other  arrangements,  iu  which  the 
point  of  discharge  is  below  the  netting  and  nearer  the  bottom  of  the  boiler  or  flues. 
My  experience  has  been  that  more  complete  combustion  of  smoke  and  gases  is  ob- 
tained by  this  device  than  by  the  "Diamond  Stack"  and  the  appliances  used  in  con- 
nection with  it.  The  question  of  brick  arches,  or  deflectors  as  an  aid  to  combustion, 
has  also  received  a  good  deal  of  attention  and  discussion  from  many  who  have  made 
careful  experiments  with  them,  but  I  believe  there  is  a  great  difference  of  opinion  iu 
regard  to  their  utility  for  that  purpose.  My  own  experience  is,  that  I  have  got  better 
results  from  their  use  as  an  aid  to  combustion,  and  also  as  a  preventive  of  fire  being 
thrown  from  the  stacks  of  locomotives  than  without  them.  While  no  doubt  a  large 
percentage  of  the  destruction  of  forests  along  the  lines  of  railways  may  be  attributable 
to  fires  originating  from  sparks  from  stacks  and  ash-pans  of  locomotives,  yet  it  is  also 
a  question  whether,  owing  to  the  imperfect  combustion,  a  large  percentage  is  due 
also  to  the  escape  of  noxious  vapors  and  gases  from  locomotives.  At  the  time  this 
may  be  an  unseen  factor,  yet  I  believe  it  is  a  very  potent  one,  and  one,  too,  that  can 
be  overcome  only  by  more  perfect  appliances  for  effecting  that  result.  The  practice 
now  is,  largely,  to  increase  the  dimensions  of  the  cylinders  of  locomotives  to  the 
maximum  which  boilers  with  our  present  standard  gauge  of  road  can  be  made  to 
supply.  This  forcing  process  I  presume  will  prevail  as  long  as  coal  can  be  furnished 
for  fuel  to  locomotives  as  cheaply  as  it  is  at  present  on  many  of  the  large  railroads  of 
the  country,  and  in  view  of  the  increased  tonnage  locomotives  can  haul  under  this 
system;  for  it  is  a  process  quite  necessary  in  generating  steam  enough  to  supply 
cylinders,  which  are  perhaps  not  always  in  proportion  to  the  boiler-capacity,  nor 
with  the  end  in  view  of  a  more  perfect  combustion. 

In  regard  to  the  best  appliances  to  prevent  the  evils  complained  of,  I  have  en- 
deavored as  far  as  possible  to  confine  myself  to  my  own  experience  in  the  matter.  I  do 
not  think  it  is  my  province  to  commend  any  one  or  particular  device  for  this  purpose, 
nor  do  I  think  that  any  one  can,  in  view  of  the  fact  that  the  service  on  the  railways 
of  this  country  and  its  conditions  are  so  varied.  The  great  difference  in  the  quality 
of  the  coal  used  on  the  different  roads,  and  many  other  factors,  all  combine  to  make 
it  difficult  to  recommend  any  one  device  that  would  be  applicable  to  all ;  while  the 
same  general  principles  might  apply  if  modified  to  meet  the  requirements  of  differ- 
ent kinds  of  service  and  conditions.  But  from  my  own  experience  I  believe  that  we 
are  obtaining,  and  shall  obtain,  better  results  from  the  use  of  the  "Extended  Front- 
end,"  and  its  appliance,  in  the  way  of  combustion  and  less  liability  to  fire,  than  from 
the  use  of  the  "  Diamond  Stack  "  and  its  appliances.  I  believe  also,  if  the  importance 
of  the  matter  should  be  properly  presented  to  the  managers  of  railways  of  this  coun- 
try, and  a  reasonable  amount  of  discretion  is  allowed  to  oflicials  iu  charge  of  the 
motive  power  of  our  railways  to  make  a  system  of  careful  and  intelligent  experiments, 
the  best  results  will  bo  obtained. 
Very  truly  yours, 

G.  W.  TILTON, 
Superintendent  Motive  Power  and  Machinery, 
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Methods  and  substances  used  to  prevent  wash- 
ing-out of,  in  timber,  85. 

Quantity  of,  absorbed  by  various  woods,  78. 

Strength  of  solution  used  for  impregnating 
wood,  78. 

Tim  e  required  for  impregnating  wood  with,  79. 
Cost: 

Annual,  of  renewing  ties,  points  to  be  consid- 
ered in  computing,  123. 

Of  creosoted  Fir  ties,  94. 

Of  creosoting  timber,  88,  91. 

Of  Kyanizing  timber,  89,  91. 

Of  Kyanizing  Hemlock  ties,  50. 

Of  metal  ties,  110,  113, 117, 118,  122,  126,  127. 

Of  preserving  timber  with  Chloride  of  Zinc, 
with  Copper  sulphate,  with  Zinc  and  Tannin^ 
89,  90,  91. 
Creosote,  ior  impregnating  wood : 

Amount  of,  used  per  cubic  foot  of  wood,  77. 

Chemical  analysis  of,  76. 

Cost  of  treating  ties  with,  78,  88,  91,  94. 

Cypress  ties  treated  with,  life  of,  78. 

Drawbacks  to  use  of,  78. 

How  produced,  76. 

Increase  of  bending  strength  of  timber  treated 
with,  104. 

Life  of  ties  treated  with,  77,  78. 

Merits  of  its  preserving  qualities,  76,  77. 

Number  of  pounds  required  per  cubic  foot  to- 
preserve  timber,  94. 

Oil,  for  preserving  wood,  76. 

Oil,  to  prevent  attacks  of  Teredo  navalis,  94. 

Oil,  Wood,  (see  Wood-creosote  oil>.     Report 
on,  (W.H.Bixby),  99. 

Weight  per  gallon,  76. 
Creosoting,  Yellow-Pine  ties,  48. 

Bending  strength  of  timber  increased    by^ 
104. 

Effect  of,  on  Hemlock  ties,  50. 

Oil  used  for,  76, 99. 

Ties,  cost  of,  in  France,  78. 

Works,  where  established,  76,  78. 
Culture.     (See  Timber  culture.) 

Of  Catalpa  in  California,  failure  of,  28. 

Of  Eucalyptus  foi-  ties  and  telegraph  poles,  27» 

Of  Hardy  Catalpa  in  Kansas  by  Foi't  Scott 
and  Gulf  Railroad  Company,  23. 

Of  Larch  in  Illinois,  by  Illinois  Central  Rail- 
road Company,  26. 

Of  timber  along  Kailroad  lines,  opinions  of 
Railroad  Conipauies  concerning,  20,  30. 
Cutting,  time  for,  and  its  influence  on  durability 
of  White  Oak,  37,39. 
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"Dead oil,"  (see Creosote  oil),  09. 
Decay : 

In  Uculock,  fungi  cuiising,  50. 

In  LoDg-leavL'd  I'iuo,  fungi  causing,  47. 

In  Taoiarack,  order  of,  and  fungi  causing,  52. 

In  timber  ("dry-rot'),  37,  67. 

In  timber,  cause  of,  32,  67. 

In  White  Ce<lar,  fungi  causing,  44. 

In  WLite  Oak,  fiiugi  cansing,  39. 

In  timber,  old  theory  of,  32. 
Deflection  of  rails  under  tratUc,  56. 

Fiual  etlect  of,  iu  lails,  56. 
Dcs  Moines  Street  Kailway  Company : 

Experience  of,  with  use  of  metal  ties,  127. 
Destruction  of  ties,  agents  effecting,  55. 
''Diamond  Stack"  (spark-arrester),  working  of, 

136. 
Dry-rot : 

Experiments  on  treatment  of  timber  to  pre- 
vent (note),  37. 

In  timber,  cause  of,  32  (50). 

Favored  by  imperfectBumettizing  of  timber, 
33. 
Dudley,  P.  H. :  Stmetnre,  behavior,  and  causes  of 

decay  of  timber- ties,  31  (119). 
Durability  of  Eucalyptus  ties  and  telegraph  poles, 
27. 

Of  Bnmettized  timber,  33. 

Of  Chestnut  timber,  41. 

Of  Hemlock,  50. 

Of  Long  leaved  Pine,  48. 

Of  Tamarack,  51. 

Of  White-Cedar  timber,  43, 44. 

Of  White-Oak  timber,  38. 

Of  wood  aflfected  by  time  of  cutting,  67. 

Eastern  Railway  Company  (of  Massachusetts): 
Experience  of.  with  cost  and  durability  of 
Kyanizing  Hemlock  ties,  50. 
Egleston,  K.  H.,  9, 13, 15. 

Connection  of  Ra ilroads  wi ( h  Forest  Fires,  128. 
Engineers,  American  Society  of:  Report  of  com- 
mittee of  on  wood  preservation  (1885),  94. 
Ensign,  Col.  E.  T. :  Data  furnished  on  cost  of 

wood-preserving  processes,  87. 
Eucalyptus,  plantations  of,  started  by  Southern 
Pacific  Railroad  Company,  27. 
Affected  by  frost  in  California  when  young, 

28. 
Telegraph  poles,  behavior  of,  27. 
Experiments  on  adhesion  of  spikes,  57,  62, 64. 
On  absorption  of  water  by  impregnated  and 

iinimpregnated  wood,  104. 
On    the    comparative  bending   strength   of 

treated  and  untreated  timber,  104. 
Successful  on  wood-preservation,  table  of,  98. 
With  carboliueumasa  wood-preservative,  104. 
"Extended  Front  end  and  Straight  Stack"  (Spark- 
arrester),  136. 
Working  of,  137. 

Fastenings,  for  metal  ties,  118. 

Femow,  B.  E.,  18, 18, 38,  62.  67,  78, 100, 104. 

Annual  Charges  for  Ties,  105. 

Metal  Railroad  Ties,  108. 


Fir; 

Ties,  Burncttized.  life  of,  82. 

Ties,  Creosoted,  cost  and  life  of,  94. 

Ties,  life  of,  treated  with  Copper  sulphate,  84. 

Timber,  bending  strength  of,  increased  by 
creosoting,  lu4. 
Fires: 

As  affecting  tree  planting  adjacent  to  Rail- 
ways, 29,  30, 130. 

Connection  of,  with  Railroads  (N.  H.  Egles- 
ton), 128. 

Forest,  laws  in  regard  to,  in  various  States,  j 

130. 

Forest,  number  of  caused  by  railroad  locomo* 
tives,  128,  129. 
Flad,  Henry,  C.  E.,  wood  preser>-ation,  66. 
Foot,  Oeorge,  Superinteudent  Mexican  Railway, 
110. 

Experience  of^  with  metal  ties,  110. 
Forest : 

Area  in  Relation  to  Railroads,  14. 

Demands  on,  by  Railroads  for  maintenance  and 
new  construction,  14,  15,  17,  31. 

Diminishing  from  wasteful  destruction  incut- 
ting  tie  timber,  20. 

Fires,  Connection  of,  with  Railroads  (N.  H. 
Egleston),  128. 

Fires,  number  of,  caused  by  Railroad  locomo- 
tives, 128,  129. 

How  Railroad  Companies  can  aid  in  arousing 
interest  in  culture  of,  25. 

Number  of  acres  of,  to  be  annually  cut  over  for 
track  construction,  18. 

Supplies,  necessity  of  preserving,  14. 

Trees  planted  by  Railroad  Companies,  26. 

Why  Railroad  Companies  are  not  generally  en- 
gaged in  creation  of,  22. 
Fort  Scott  and  Gulf  Railway,  example  of,  in  tim- 
ber culture  (Kansas),  23  (26). 
Fungi : 

Growing  on  Chestnut  timber,  42. 

Growing  on  Hemlock,  50. 

Growing  on  Long-leaved  Pine,  47. 

Growing  on  White  Cedar,  44. 

Growing  on  Tamarack,  52. 

Growing  on  White  Oak  timber,  39. 

Growth  of,  causing  decay  in  timber,  32. 


Germany,  number  of  milesof  track  laid  with  metaJ 
ties  in.  110. 
Cost  of  maintaining  road  with  naetal  ties  in, 

123. 
Cost  and  weight  of  metal  ties  used  by  various 
Railway  Companies  in,  118. 
Glue  (see  Wellhouseprocessofpreservingtimber) 

86. 
Growth : 

Diameter  of  White  Cedar,  42. 

Of  Eucalyptus  trees  in  California,  27. 

Of  fungi  on  Chestnut  timber,  42. 

Of  fungi  on  Hemlock,  50. 

Of  fungi  on  Long-leaved  Pine  timber,  47. 

Of  fungi  on  Tamarack,  52. 

Of  fungi  on  White  Cedar  timber.  44. 

Of  fungi  on  White  Oak  timber,  89. 
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Hagen,  Mr.,  Saint  Louis,  Zinc-K.VpAam  Process  of 

preserving  wood,  87. 
Hannibal  and  Saint  Joseph  Railroad  Company, 
opinion  of,  as  to  etfect  of  Arc  on  tree  planting 
along  lines,  29. 
Hartig,  Professor,  exporiments  by,  on  timber,  to 

prevent  dry-rot,  37. 
Heart- wood : 

Chestnut,  change  of  sap-wood  to,  4U 
White  Oak,  change  of  sap  wood  to,  37. 
Hemlock : 

Chemical  analysis  of,  53. 

Durability  of,  40. 

First  cost  of,  untreated,  94. 

Fungi  growing  on,  50. 

Geographical  distribution  of,  4S. 

Resistance  of,  to  longitudinal  indentation,  53, 

54. 
Specific  gravity  of,  53. 
Structure  of,  48. 

Ties,  Bumettized,  durability  of,  50,  82. 
Ties,  charring  of,  50. 
Ties,  cost  of  Kyauiziug,  50. 
Ties,  creosoted,  78. 
Ties,  Kyanized,  durability  of,  50. 
Ties,  preserving,  50. 
Ties,  treated,  durability  of,  98. 
"Weight  of,  per  cubic  foot,  53. 
Treated,  estimates  on  the  economy  of  using, 
92. 
Holland,  number  of  miles  of  track  laid  with  metal 

ties  in,  110. 
Hough,  F.  B. ,  on  use  of  Bumettized  timber,  33. 
Hunnewell,  H.  H.,  example  of  in  timber  culture, 
28. 

Illinois  Central  Railroad    Company,   experience 

of,  in  planting  Larch  in  Illinois,  26. 
Impregnated  ties,  number  of,  used  by  German 
roads,  97. 

Timber,  increased  bending  strength  in,  104. 
Impregnating  Long-leaved  Pine  timber,  difficulty 
of,  46. 

Process  employed  for  Chestnut,  42. 

Process  employed  for  Hemlock,  50. 

Process  employed  for  Long-leaved  Pine,  48. 

Process  cmploj'cd  for  White  Oak,  39. 

Tamarack  with  sulijhate  of  iron,  51. 

Timber,  antiseptics  used  for,  78. 

Timber,  methods  of,  68,  72. 

Wood  by  Boucherie  process,  68,  09. 

Wood  by  steeping,  68. 
Increase : 

In  price  of  ties,  necessitating  use  of  preserv- 
ing processes,  16. 

In  price  of  ties,  (Redwood),  necessity  of,  (foot 
note),  16. 

Of  annual   demand  for  timber  by  Railroad 
Companies,  16. 

Of  bending  strength  in  timber  by  creosoting, 
104. 

Of  hardness  in  Chestnut  wood  by  use  of  Cor- 
rosive Sublimate,  42. 

Of  interest  iu  timber  culture  to  be  effected  by 
Railroad  Companies.  25. 

Of  lasting  qualit  ies  in  Hemlock  by  Creosoting, 
50. 


Increase — Continued. 

Of  lite  iu  ties  by  impregnation,  2i. 
Of  mileage  in  Railroads,  12,  13. 
Of  Railroads,  11,  12,  13. 
Of  timber  by  culture,  necessity  of,  22. 
Indentation,  resistance  to,  by  various  woods,  53,  54. 

Increase  of  resistance  to,  by  creosoting,  104. 
India,  metal  ties  used  in,  110. 
Indian  Stat^)  Ritilway,  pattern  of  steel  tie  used 

on.  111. 
International  Railway   Tie  Company   (Boston), 
Cost  and  weight  of  steel  ties  manufactured 
by,  127. 
Iron,  sulphate  and  acetate  of,  for  impregnating 
Tamarack,  51. 

Jointed  or  Compound  Ties,  125. 

Kansas,  plantations  of  Catalpa  in,  23,  26. 
Knapp,  "  Technology,"  note  from,  on  Composition 

of  wood,  67. 
Kyanizing,  78. 

Advantages  of  preserving  timber  by,  for  cer- 
tain purposes,  95. 
Cost  of  preserving  timber  by,  89, 91, 95. 
Hemlock  ties,  cost  of,  50. 

Land -grant  Roads : 

Conditions  under  which  established,  12. 
First,  when  established,  in  what  States,  13. 
Total  number  acres  of  land  received  from 
Government  by,  13. 
Larch,  Western : 

Chemical  analysis  of,  53. 

Resistance  of,  to  longitudinal  indentation,  53, 

54. 
Size  of  wood  fibers,  52. 
Specific  gravity  of,  53. 
Structure  of,  52. 

Weight  of  wood  per  cubic  foot,  53. 
Lander,  J.  N.,  Smoke-consuming  Devices  for  Loco 

motives,  132. 
Laws  in  regard  to  fires  occasioned  by  locomotives, 
130. 
In  Colorado,  131. 
In  Connecticut,  131. 
In  Illinois,  131. 
In  Maine,  131. 
Iu  Massachusetts,  131. 
In  Maryland,  131. 
In  Michigan,  131. 
In  New  Hampshire,  131. 
Iu  New  Jersey,  132. 
In  Vermont,  131. 
Lehman,  Dr.,  experiments  on  timber  by,  to  pre- 
vent dry-rot,  37. 
Life  of  wooden  ties,  (see  various  woods  used  for 
ties) : 
Metal  (ies,  119. 
Locomotives : 

Laws  in  various  States  regarding  fires  caused 

by,  130. 
Number  of  forest  fires  caused  by,  129. 
Smoke-consuming  devices  for  (J.  N.  Lander), 
132. 
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Lons-loavcd  Piuc ; 

Adhesion  of  !t{>ike8  iu  ties  of,  59,  03. 

Amount  of  iiir,  sap,  auil  water  iu  coll-strnotare 

of,  67. 
Chemical  analysis  of,  53. 
Durability  of,  47. 

Effect  of  resinous  matter  iu  wood  of,  on  ad- 
hesion of  spikes,  CO. 
Fungi  growing  on,  47. 
Kinds  of  ballast  best  suited  to  ties  of,  47. 
LarviB  destroying  t«mbor  of,  48. 
Preservation  of  timber,  48. 
Resistance  of,  to  indentation,  53, 54. 
Size  of  wood  fibers,  45. 
Specific  gravity  of,  53. 
Structure,  45  (49,51). 
Ties,  length  and  size  of,  55. 
Ties,  number  of  feet  under  a  rail,  55. 
Weight  of  wood  per  cubic  foot,  53, 67. 
Wood-creosot«  oil  made  from,  99. 
Louisville  and  Nashville  Kailroad  Company,  opin- 
ion of,  as  to  injury  by  fire  to  forest  growths 
adjacent  to  their  lines,  30. 
Louisville  and  New  Albany  Railroad  Company, 
opinion  of,  as  to  damage  by  fire  to  tree  plan- 
tations along  Railroads,  29  (30). 

Maintenance  of  track : 

Number  of  acres  of  timber  required  for,  18, 

Timber  consumed  for  (total  amount),  17. 
Material  used  in  manufacture  of  metal  ties,  115. 
Metal  Railroad  Ties,  B.  E.  Fernow,  108. 

Advantages  and  economy  of  using,  112. 

Comparisons  and  lequirements  of  different 
systems  of,  in  use,  109, 113, 115. 

Comparison  of  with  wooden  ties,  114. 

Cost  of  maintaining  road  with,  123. 

Cost  and  weight  of,  110    (113),   117, 118, 122, 
126, 127. 

Experience  of  Des  Moines  Street  Railway 
Company  with,  127. 

Fastenings  used  for,  118. 

Influence  of,  on  roUiug  stock,  rails,  and  road- 
bed, 120. 

Length  of  cross,  114, 117. 

Length  of  longitudinal,  120. 

Life  of,  119. 

Manufactured  by  International  Railway  Tie 
Company,  127. 

Material  used  in  manufacture  of,  115. 

Number  of,  laid  per  mile,  112. 

Number  of  miles  of  track  in  Europe  laid  with 
(1885),  110. 

Number  of,  used  on  Mexican  railways,  110, 

Patttrn  of,  used  on  Indian  State  Railway, 
111. 

Requirements  to  be  observed  in  manufacture 
of,  112. 

Shape  of,  110. 

Used  by  Des  Moinos  Street  Railway  Com- 
pany, 127. 

Utilizing  wa«te  pieces  of,  by  making  pieced 
ties,  125. 

"When  first  employed,  109. 
Mexican  Riiilway  Company,  experience  of,  with 
metal  ties,  110. 


Michigan  Central  Railroad  Company,  opinion  of, 
as  to  injury  by  fire  to  forest  growth  adjacent 
to  lines,  30. 
Mileage : 

Annual  increase  of,  in  Railroads,  16. 
Increase  of,  in  Railroads,  1830  to  1886, 12, 13. 
Points  to  be  considered  in  calculating  (foot- 
note), 14. 
Missouri  Pacific  Railroad  Company,  experience 
of,  in  planting  Catalpa,  27, 29. 

New  York  Central  and  Hudson  River  Railway 
Company : 
Size  of  ties  used  by,  55. 
Weight  of  rails  (section)  used  by,  57. 
Northern  Pacific  Railroad  Company,  experience 
of,  in  tree  planting,  29. 

Oak,  White,  (see  White  Oak.) 

Oil  of  Tar,  heavy,  for  preserving  wood,  76. 

Pennsylvania  Railroad  Company,  position  of,  in 
regard  to  expending  money  for  timber  cult- 
ure, 30. 
Pile-timber : 

Burnettized,  durability  of,~33. 

Cubic  feet  of,  used  per  mile  of  earth-work 
(foot-not-e),  15. 

Duration  of,  under  various  conditions,  15, 16, 
96, 101. 

Number  of  cubic  feet  consumed  by  RaUroad 
Companies,  15. 

Time  required  for  destruction  of,  by  Teredo, 
96. 
Pino,  (see  Long-leaved  Pine.) 

Method  of  deriving  wood-creosote  oil  from,  99. 
Poleck,  Prof.,  experiments  on  timber  by,  to  pre- 
vent dry-rot  (foot-note),  37. 
Poles,  telegraph : 

Acres  of  timber  annually  cat  to  supply  de- 
mand for,  18. 

Kinds  of  trees  used  for,  19. 

Number  of,  in  use— cubic  feet  of  timber  in,  17. 

Number  used  per  mile,  16. 

Of  Eucalyptus,  behavior  of,  in  use,  27. 
Preservation,  wood,  66. 

Table  of  successful  experiments  on,  98. 

Cheapness  of  timber  as  elfecting  economy  of, 
21. 

Checking  consumption  of  ties  by  processes  of, 
31. 

Chestnut  wood,  42. 

Ueuilock  wood,  50. 

Long  leaved  Pino  wood,  48. 

Progress  of,  as  affected  by  dishonest  work  in, 
21. 

Tamaiuck  wood  with  Acetate  and  Sulphate  of 
Iron,  51. 

Ties,  necessity  of,  20,  33. 

White  Oak  wood,  39. 

Works  of  Atchison,  Topeka  and  Santa  F6  R. 
R.  Co.,  21. 

Works  of  Union  Pacific  R.  R.  Co.,  22. 

Advisability  of,  31,  68. 

Conditions  necessary  to  success  of,  95. 

Faults  of  processes  formerly  employed  in,  32. 
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Prc'BeniDf:  process  of  Dr.  Boucherio,  saocessof, 
83,  69. 

Timber  by  Burnottizing— value  of  timber  so 
treated.  33. 

Antiseptics  used  for,  76,  78,  83,  99. 

By  creosutiug,  cost  of,  88,  9  r 

By  Kyauizint;,  cost  of,  89,  91. 

By  painting  with  Carbolineum,  104. 

Coat  of,  by  dift'erent  method.s,  88. 

Methods  of,  6P,  72,  74,  75,  103. 

"With  Cliloride  of  Zinc,  cost  of,  89,  90,  91. 

"With  Sulphate  Copper,  cost  of,  90,  91. 

With  wood-creosote  oil,  method  of,  102,  103. 

With  zinc-tannin  process,  cost  of,  90,  91. 
Price: 

Elfect  of  agencies  employed  in  supplying  ties 
to  market  on,  19. 

Increase  of,  in  necessitating  preserving  pro- 
cesses, 21. 

Of  Beech  ties  creosoted  and   untreated   in 
France,  78. 

Of  Chestnut  ties,  43. 

Of  Oak  tics  creosoted  and  untreated  In  France, 
78. 

Of  Spruce  ties  creosoted  and  untreated  in 
France,  78. 

Of  White  Cedar,  43. 

Paid  by  Railroad  companies  for  Redwood  ties 
16. 
Process: 

Boncherie,  antiseptic  used  in,  83. 

Boucherie,  life  of  flr  ties  treated  by,  84. 

Thilmany,  of  treating  timber  to  prevent  wash- 
ing-out of  antiseptics,  85. 

Vacuum  (Bumettiziug),  75. 

Wellhouse,  of    treating    timber  to  prevent 
washing-ont  of  antiseptics,  P6. 

Zinc-creosote,  of  treating  timber  to  prevent 
washing-out  of  antiseptics,  87. 

Zinc-gypsum,  of  treating  timber  to  prevent 
washing-out  of  antiseptics,  87. 
Processes,  wood-preserving,  68,  72,  74,  75,  103. 

Faults  of  those  formerly  used,  32. 

Conditions  necessary  to  success  of,  95. 

Cost  of  different,  88. 

Railroad : 

Atchison,  Topeka  and  Santa  F6,  preserving 

works  of,  22  (26). 
Baltimore  and  Ohio,  establishment  of,  how 

first  operated,  11 
Burlington  and  Missouri  River,  forest  trees 

planted  by,  26. 
Chicago  and  Northwestern,  Spark-arresters, 

used  on,  136. 
Chicago,  Saint  Paul  and  Minneapolis,  experi- 
ence of,  in  tree  planting,  29. 
Flushing,  experience  of,  in  u.se  of  Bnmettized 

timber,  33. 
Fort  Scott  and  Gulf,  advancement  of  timber 

culture  by,  23. 
Hannibal  and  Saint  Joseph,  Co.,  opinion  of, 

as  to  elTcct  of  lire  on  tree  planting  along 

lines,  29. 
Illinois  Central,   experience  of,  in  planting 

Larches,  26. 


Railroad — Continued. 

Louisville  and  Nashville,  Co.,  experience  of, 

as  to  injury  by  Are  to  adjacent  growths,  30. 
Louisvilleand  New  Albany,  Co.,  experience  of, 

as  to  injury  by  fire  to  forests  adjacent  to 

lines,  29,  30. 
Michigan  Central,  Co,,  experience  of,  as  to 

iiyury  by  Are  to  adjacent  forests,  30. 
Missouri  Pacific,  Co.,  forest  trees  planted  by, 

27. 
Northern  Pacific,  Co.,  experience  of,  in  tree 

planting,  29. 
Old  Colony,  Spark-arresters  used  on,  135. 
Pennsylvania,  Co. ,  position  of,  in  regard   to 

spending  money  in  timber  culture,  30. 
Wabash,  Saint  Louis  and  Pacific,  position  of, 

in  regard  to  expending  money  in  timber 

culture,  30. 

Railroads : 

Acres  of  timber  annually  cut  over  for  main- 
tenance of,  18. 
Connection  of,  with  forest  fires  (N.  H.  Egles- 

ton),  128. 
Cubic  feet  of  timber  annually  consumed  by, 

15. 
Demands  of,  on  forest  supplies;  14. 
Early  establishment  of,  12. 
Geographical  Relation  of,    to  Forest  Area, 

14. 
Increase  of  mileage  (183>.>-1886),  12,  13. 
Influence  to  be  exerted  in  timber  culture  by, 

25. 
Land  ceded  to — total  number  of  acres,  13. 
Land-grant — miles  of  road  in  each  State  to 

1886,  13. 
Miles  of,  in  each  State  built  by  aid  of  Land- 
grants — total  number  of,  13. 
51  umber  of,  first  aided  by  Land-grants,  13. 
Per  cent,  of  forest  fires  caused  by  locomotives 

of,  128,  129, 
Position  of  Companies  to growtimberfor  their 

own  use,  31. 
Quality  and  kinds  of  timber  used  by,  16,  17. 
Relative  position  of,  in  respect  to  preserving 

processes,  21. 
Relative  value  of  land  adjacent  to,  for  tree 

culture,  30. 
Round  timber  consumed  by,  16,  17. 
Summary  of  correspondence  with  oificers  of, 

26. 
Timber  preferred  for  use  of,  38. 
Total  amount  of  timber  consumed  by,  15,  17. 
Rails: 

Bending  of,  under  traflSc,  56. 
Influence  of  metal  ties  on,  120. 
Partial  and  permanent  sets  occurring  in,  56. 
Railroad  ties.    (See  aho  Tics  and  various  woods 

used  for.) 
Barnettized,  number  of  Companies  using,  in 

Germany,  82. 
Burnettized,  used  on  Chicago,  Rock  Island  and 

Pacific  road,  82. 
Durability  of,  when  impregnated,  21. 
Impregnated,  number  of,  used  on  -German 

roads,  97. 


145 


Railroad  ties — Continued. 

Kyanized  (Hemlock),  experience  of  Eastern 
Kailroad Company  (Mass.)  with, 50. 

Kyanized,  used  on  Chicago,  Rock  Island  and 
Pacific  road,  50. 

Metal,  experience  of  Mexican  Railway  Com- 
pany with,  110. 

Knmber  of,  consumed  annually,  14,  31. 

Preservation  of,  necessity  of,  20. 

Price  of,  compared  with  other  track  timber, 
19,  20. 

Redwood,  price  of  (foot-note),  16. 

Redwood,  value  of  timber  destroyed  in  making 
(foot-note),  16. 

Round  timber  consumed  for  (cubic  feet  of),  17. 

Seasoning  of,  to  prevent  decay,  32,  33,  67. 

Size  and  age  of  trees  cut  for,  31. 

Size  of,  used  by  New  York  Central  and  Hudson 
River  R.R.,  55  (57). 

Spruce,  creosoted,  life  and*cost  of,  78. 

Substitutes  for  (metal),  20,  108. 

Supply  of,  diminishing,  20. 

Timber  consumed  for  (number  of  cubic  feet), 

15,  16,  31. 

Timber  wasted  in  making  (foot-note).  16. 

Utilization  of  waste  of,  for  pieced  ties,  125. 

Wood  and  metal  combined  for,  126. 
Renewal  of  railway  tics,  joints  to  be  cousidered 

in  computing  cost  of,  123. 
Resinous  products,  effect  of,  in  impregnating  Long- 
leaved  Pine  timber,  46. 
Road  bed : 

Behavior  of  ties  in,  31. 

Causes  of  decay  of  ties  in,  31. 

Durability  of  Chestnut  ties  in,  41. 

Durability  of  Hemlock  ties  in,  50. 

Durability  of  Long-leaved  Pine  in,  47. 

Durability  of  treated  and  untreated  Tamarack 
ties  in,  51,  52. 

Durability  of  "White  Cedar  ties  in,  43. 

Durability  of  White  Oak  ties  in,  38. 

Influence  of  metal  ties  on,  120. 

Necessity  of  draining  wheu  impregnated  ties 
aroused  in,  95. 
Rolling  stock,  influence  of  Metal  ties  on,  120. 
Round  timber.     (See  Timber,  also.) 

Cubic  feet  of,  consumed  for  piles,  15. 

Cubic  feet  ot,  consumed  in  general  matnte- 
nanc©  of  track,  16,  17. 

Cubic  feet  of,  consumed  for  telegraph  poles, 

16,  17. 

Duration  of,  in  structures,  and  for  other  pur- 
poses, 15,  16. 

Kinds  used  by  Railroad  companies,  19. 

Number  of  acres  of  timber  to  be  cut  to  supply 
the  demand  for,  18. 

Sargent,  Prof.  C.  S.,  35, 36,  42. 

Sap,  amount  of,  in  green  and  dry  wood  at  different 

seasons,  66,  67. 
■^.ip-wood: 

Chestnut,  change  of,  to  beart-woo<l,  41. 

White  Oak,  change  of,  to  heart-wood,  37. 
Seasoning,  timber: 

How  to  accomplish,  33. 

To  prevent  decay,  32, 38, 48. 


Sections  (rails),  weight  of,  used  in  tracks,  57. 

Shape  of  metal  ties,  116. 

Size: 

And  age  of  timber  cut  for  ti«e8,  31. 

Of  ties  used  by  Railroad  companies,  55. 

Of    wood-fibers    in    varions    woods.       (See 
Wood.) 
Southern  Pacific  Railroa^l  Company: 

Effect  of  example  of,  in  tree-planting  on  set- 
tlers, 28. 

Experience  of,  in  tree-planting,  27. 
Southern  pine.    (See  Long-leaved  Pine.) 
Spark-arresters  (Smoke-consuming  devices  for  Lo> 
comotives),  132,136. 

Description  of  various  devices  used,  133. 

"  Diamond  stack,"  136. 

"Extended  Front-end  aad  Straight  Stack," 
130. 

Importance  of,  136. 

Old  Colony  Railroad,  pattern  of,  136. 
Si>ecittc  gravity : 

Of  Chestnut,  40,  53. 

Of  Hemlock,  53. 

Of  Long- leaved  Pine  (Yellow  Pine),  53. 

Of  Tamarack,  .W. 

Of  White  Cedar,  53.        - 

Of  Western  Lar.h,  53. 

Of  White  Oak,  36, 53. 

Of  wood-fiber,  66. 
Spikes : 

Effect  of,  on  wood-fibers,  61. 

Eflect  of,  on  ties,  55. 

Liability  of  to  split  Yellow  Pine  ties,  47. 
Spikes,  ndhcsion  of,  57, 02. 

In  Chestnut  lies,  58. 

In  White  Cedar  ties,  59. 

In  White  Oak  ties,  38,  59. 

In  Yellow  Pine  ties,  59. 
Spruce : 

Lumber,  Kyanized,  life  of,  80, 82. 

Ties,  creosoted,  cost  and  life  of,  78. 

Wood,  amount  of  Chloride  of  Zinc  (solution) 
absorbed  by,  82. 
Steaming : 

Drawbacks  to,  75. 

Pressure  of  steam  required  for,  74. 

Time  required  to  thoroughly  effect,  74. 

To  preserve  wood,  08,  74. 
Steel  ties.  (See  Metal  ties.) 
St«eping  wood : 

In  water  to  displace  sap,  68. 

To  impregnate  with  an  antiseptic,  68. 
Structure  of  Timber  used  for  ties  (31),  34. 

Of  Chestnut,  40. 

Of  Hemlock,  48. 

Of  White  Cedar.  43. 

Of  Long-leaved  Pine,  45. 

Of  Tamarack,  51  (52). 

Of  Western  Larch,  52. 

Of  White  Oak  35. 
Sulphate  of  Copper : 

For  preset-ring  wood,  33,  76. 

Methods  and  substances  used  to  prevent  wash- 
ing out  of.  iu  timber,  85. 
Snlphate  of  Iron : 

For  impregnating  Tamarack  wood,  51. 
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Supply: 

Adequacy  of,  of  timber  for  Railway-  construc- 
tion, 19. 
Of  tie-timber  diminishing,  20. 
Of  timber  in  treeless  plains  produced  by  cult- 
ure, 22. 
Switzerland,  number  of  miles  of  track  in,  laid  with 
metal  ties,  110. 

Tamarack : 

Chemical  analysis  of,  53. 

Durability  and  quality  of  wood,  51. 

Fungi  growing  on  wood  of,  52. 

Life  of  impregnated  ties,  51,  52. 

Life  of  untreated  ties,  52. 

Order  of  decay  in  ties,  52. 

Preservation  of,  by  antiseptics,  57. 

Size  of  wood  fibers,  51. 

Specific  gravity  of,  53. 

Structure  of,  51  (52). 

Ties,  Bumettized,  life  of,  82. 

Ties,  kind  of  traflic  best  suited  to,  51. 

Weight  of  wood  per  cubic  foot,  53. 
Tannin  (see  "Wellbouac  Process  ot  preserving  tim- 
ber), 86. 
Tar,  heavy  oil  of,  for  preserving  wood,  76,  77,  78, 

90. 
Technology,  Kuapp's,  note  ft  om,  on  Composition 

of  wood,  07. 
Telegraph  poles : 

Acres  of  timber  cut  over  to  supply  demand 
for,  18. 

Eucalyptus,  behavior  of,  in  use,  27. 

Kinds  of  trees  used  for,  19. 

Xumber  of  cubic  feet  of  timber  in,  16, 17. 

Number  of  miles  of  line  constructed,  18. 

Number  of,  required  per  mile,  10. 
Teredo  uavalis : 

Antiseptic  used  to  prevent  destruction  of  tim- 
ber by,  94. 

Time  required  by,  to  destroy  piles,  06. 
Thilmany  Process  of  treatiug  timber  to  prevent 
washing  out  of  antiseptics,  85. 

Advantages  and  dis  advantages  of,  85,  86. 

Chemicals  used,  85. 
Ties: 

Annual  Charges  for,  B.  E.  Femow,  105. 

Bumettized— in  use  on  Flushing  Railroad,  33. 

Causes  of  decay  of.  in  road-bed,  31, 67. 

Cost  of  preserving,  by  different  method.s,  88. 

Creosoted,  cost  and  life  of,  in  France,  78. 

Cypress,  creosoted,  life  of,  78. 

Decay.of,  due  to  fungi,  32,  67. 

Destmction  of,  three  principal  agents,  55. 

Durability  of,  when  impregnated,  21. 

Eucalyptus,  behavior  of,  in  road-bed,  27. 

Impregnated,  number  used  on  German  roads, 
97. 

Kiuds  of  trees  used  for,  19. 

Kyanized,  life  of,  80. 

Length  and  size  of,  55. 

Metal,  B.  E.  Femow  (see  Metal  ties),  103. 

Methods  and  substances  to  prevent  washing 
out  of  antiseptics,  85. 

Number  of  acres  of  timber  to  be  annually  cut 
for,  18. 


Ties— Continued. 

Number  of  cubic  feet  in,  16, 17. 

Number  of,  cut  per  acre,  17, 18. 

Number  of,  required  per  mile  of  track,  14. 

Points  to  be  considerc^l  in  comjmting  annual 
cost  of  renewal  of,  123. 
Ties,  Beech : 

Burnettized,  life  of,  82. 

Creosoted,  life  and  cost  of,  78. 
Ties,  Chestnut: 

Durability  of,  41. 

Fungi  growing  on,  42. 

Preservation  of,  42. 

Price  of,  43. 
Ties,  Fir: 

Burnettized,  lite  of,  82. 

Creosoted,  life  and  cost  of,  94, 
Ties,  Hemlock:         , 

Burnettized,  durability  of,  50. 

Charring  of,  5ft 

Durability  of,  49. 

Estimate  ou  economy  of  using,  92. 

First  cost  of  (untreated),  94. 

Fungi  growing  ou,  50. 

Kyanized,  durability  and  cost  of,  50. 
Ties,  Long-leaved  Pine : 

Creosoted,  48. 

Difiiculty  of  impregnating,  due  to  structure, 
40. 

Durability  of,  47. 

Fungi  growing  on,  47. 

Liability  of  to  split  iu  spiking,  47. 

Necessity  of  keeping  dry  to  insure  durabil- 
ity, 48. 

Preservation  of,  48. 

Vulcanized  (Yellow  Pine),  48. 
Ties,  Tamarack : 

Antiseptics  used  in  treating,  51. 

Durability  and  quality  of  wood,  51. 

Fungi  growing  on,  52. 

Kind  of  trafHc  best  suited  to,  51. 

Treated  and  untreated,  life  of,  51,  52. 
Ties,  Wliito  Cedar : 

Durability  of,  43,  44. 

Fungi  glowing  on,  44. 

Kind  of  service  best  suited  to,  43. 

Number  of,  init  under  a  rail,  44. 

Price  of,  43. 
Ties,  White  Oak: 

Burnettized,  life  of,  82. 

Durability  of,  38,  78. 

Fungi  growing  on,  39. 

Number  of  trees  cut  for,  annually,  19. 

Preservation  of,  39,  78. 

Time  of  cutting  timber  for,  39,  (67). 
Tilton,  Gr.  W.,  importance  of  Spark-arresters,  130. 
Timber: 

Acres  of,  to  be  cut  annually  for  maintenance  of 

■    track,  18. 

Adequacy  of  supply  of,  19. 

Bridge  and  trestle,  number  of  cubic  feet  used 
by  Railroad  Companies,  15, 17. 

Bumettized,  behavior  of,  in  use,  33. 

Carbonizing  of,  before    impregnating   with 
wood-creosote  oil,  102. 

Catalpa,  plantations  of,  in  California,  28. 
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Timber — Continued. 

Catalpa,  plantation  of,  in  Kansas,  23. 
Checking  consumption  of,  by  preserving  ties, 

31. 
Chestnut,  40. 

Decay  of,  due  to  fungi,  32. 
Duration  of,  in  bridges,  culverts,  etc.  (foot- 
note), 15,  16. 
Eucalyptus,  for  ties  and  telegraph  poles,  be- 
havior of,  in  use,  27. 
For  maintenance  of  track,  total  number  cubic 

feet  U8e<l,  17. 
For  telegraph  poles,  cubic  feetof,  in  use,  16, 17. 
Hemlock,  48. 

Importance  of  growing,  for  future  supply,  20. 
Increase  in  bending  strength  of,  by  creosot- 

ing,  104. 
Kinds  of,  chiefly  used  for  ties  and  other  rail- 
road timber,  34. 
Kyanized,  advantages  of,  for  certain  purposes, 

95. 
Larch,  cultivation  of,  in  Illinois  by  Illinois 

Central  Railroad  Company,  26. 
Long-leaved  Pine,  45. 

Methods  and  substances  for  treating,  to  pre- 
vent washing  out  of  antiseptics  in,  85. 
Number  of  feet  of  (b.  m.),  to  make  a  tie  (foot- 
note), 15,16,31. 
Pile,  cubic  feet  consumed  per  mile  by  roads, 

15. 
Quality  andkinds  of,  used  in  Kail  way  construc- 
tion, 18. 
Redwood,  actual  value  of,  consumed  in  making 

a  tie,  16. 
Redwood,  number  of  feet  (b.  m.)  wasted  in 

producing  a  tip,  16. 
Redwood,  piice  paid  for  ties  of  (foot-note),  16. 
Round,  cubic  feet  of,  consumed  for  track  tim- 
ber and  construction,  16, 17. 
Seasoning  of,  to  prevent  decjiy,  32,  33. 
Structure  of  kinds  chiefly  used  for  railroad 

purposes,  34. 
Tamarack,  51. 
Tie,  cost  of  preserving  by  different  methods, 

88. 
Total  amount  of,  consumed  in  track-construc- 
tion, 15, 17. 
Treatment  of,  to  preserve.  (See  Preservation.) 
Waste  of,  in  making  ties,  15,  20. 
We.><tem  Larch,  52. 
White  Cedar,  42. 
White  Oak.  .35. 
Yield  of,  per  acre,  17,18. 
Timber  culture: 

Aid  to  bo  given  by  Railroad  Companies  for  ad- 
vancement of,  25. 
In  Kansas  by  Fort  Scott  and  Gulf  Railroad 

Company,  23. 
Necessity  of,  for  railroad  supplies,  22. 
Necessity  and  success  of,  in  Western  States, 

22. 
Opinions  of  Railroad  Companies  as  to  advisa- 
bility of  expending  money  In,  30. 
Reasons  for  Railroa<l  Compauies  not  generally 

engaging  in,  22,  23. 
Summary  of  Correspondence  with  Railroad 
Companies  concerning,  26. 


Track,  railroad : 

Acres  of  timber  cut  for  maintenance  of,  18. 

Diflerence  between  length  of,  and  of  road  (foot- 
note), 14. 

Land  by  side  of,  value  of,  for  tree  culture,  30. 

Necessity  of  seasoning  timber  used  in,  32, 33. 

New  York  Central  and  Iludson  River  Rail- 
road, length  of  (foot-note),  15. 

Number  of  miles  of,  in  United  States,  14. 

Partial  and  permanent  set  of  rails  in,  56. 
Treatment  of  wood,  to  prevent  decay : 

Antiseptics  used  for,  76.  • 

Cost  of,  by  difi'erent  methods,  88. 

Methods  and  substances  used  in,  to  prevent 
washing-out  of  antiseptics,  85. 

Methods  of,  (39,)  42,  48, 50, 51, 68. 72, 75,(89.)  102. 
Trees : 

Catalpa,  phmted  in  California,  failure  of,  28. 

Catalpa,  planted  in  Missouri,  27. 

Eucalyptus,  planted  in  California,  28. 

Kinds  of,  used  lor  telegraph  poles,  19, 27. 

Planted  by  Railroad  Companies,  26. 

Size  and  age  of,  cut  for  ties,  27, 31. 

Union  Pacific  Railroad  Company,  opinion  of,  as  to 
damage  by  fire  to  adjacent  forest  growths, 
30. 

Undulations  formed  in  rails  under  traffic,  .56. 

Vacuum  process  (Burnettizing)  of  preserving 
wood,  75. 

Amount  of  pressure  required  for,  75. 

Time  required  to  effect  thorough  impregnation 
by,  76. 
Value : 

Of  Eucalyptus  limber  for  ties  and  telegraph 
poles,  27. 

Of  Railway  Companies'  land  for  tree  culture, 
30. 

Of  seasoning  timber,  32,  33. 

Of  Tamixrack  tics  for  heavy  traffic,  51. 

Of  Thilraany  Process  for  retaining  antisep- 
tics in  timber,  85. 

Of  Wellhouse  Process  for  retaining  antisep. 
tics  in  timber,  86. 

Of  Whit«  Cedar  in  roads  of  light  traffic,  43. 

Of  White  0.ik  for  track  timber,  38. 

Of  wind-breaks  adjacent,  to  railroad  liacs, 
20. 

Of  Zinc-creosote  Process  for  retaining  anti- 
septics in  timber,  87. 

Of  Zinc-gypsnm  Process  for  retaining  anti- 
septics in  timber,  87. 

Wabash,  St.  Louis  and  Paciflo  Company,  position 
of,  in  regard  to  expending  money  in  timber 
culture,  30. 
Water,  amount  of,  in  air-dried  wood,  66, 67. 

Beech,  67. 

Sweet  Gum,  67. 

Sycamore,  07. 

White  Elm,  67. 

White  Oak.  67. 

White  Pine,  67. 

Yellow  Pinej  67. 

Yellow  Poplar,  67. 
Webbs  metal  superstrncture,  126. 


148 


Weigbt  of  metal  ties,  110,  113,  117,  118,  122,  126, 

127. 
Wind-broaks  (of  trees),  objeotiona  to,  along  rail- 

vray  lines,  29. 
Wellhouse  Process  of  treating  timber  to  prevent 
escape  of  antiseptics,  86. 

Substances  used  in,  86. 

"Works  established  for  operation  of,  86. 
Western  Larch.    (Soe  Larch.) 
White  Cedar : 

Adhesion  of  spikes  in  ties  of,  59. 

Annual  diameter  growth,  42. 

Chemical  analysis  of,  53. 

Cost  of  ties,  43. 

Durability  of  ties,  43,  44. 

I'ungi  growing  on  wood  of,  44. 

Geographical  distribution  of,  42. 

Kind  of  traffic  best  suited  to  ties  of,  43. 

Resistance  of,  to  indentation,  53, 54. 

Size  of  wood-libers  of,  43. 

Soundness  of  ties  of,  43. 

Structure  of,  43  (48,  49). 

Ties,  Bumettized,  life  of,  82. 

Ties,  length  and  size  of,  55. 

Weight  of  wood  per  cubic  foot,  43. 
White  Oak : 

Adhesion  of  spikes  in  ties  of,  38,  59,  63. 

Amount  of  Corrosive  Sublimate  (solution)  ab- 
sorbed by,  79. 

Amount  of  Chloride  of  Zinc  (solution)  ab- 
sorbed by,  81. 

Change  of  heart-wood  to  sap-wood,  37. 

Chemical  analysis  of,  53. 

Durability  of  ties  of,  in  road-bed,  38. 

Pongi  growing  upon  wood  of,  39. 

Preserving  processes  employed  for,  39,  79. 

Resistance  of  wood  to  indentation,  53,  54. 

Size  of  wood-fibers,  36. 

Specific  gravity  of,  36,  53. 

Structure  of,  35  (49). 

Ties,  Bumettized,  average  life  of,  82. 

Ties,  life  of,  creosoted  and  in  natural  state  j 
cost  of,  78. 

Ties,  uuimpregnated,  life  of,  82. 

Ties,  untreat'ed,   economy  of  using  treated 
hemlock  in  place  of,  92. 

Time  for  cutting  timber  of,  for  ties,  39. 

Value  of  wood  of,  as  determined  by  experi- 
ence, 38. 
Weight  of  wood  per  cubic  foot,  53,  67. 
White  Pine : 

Amount  of  water  in  cubic  foot  of,  67. 

Amount  of  air  and  sap  in  cell-structure  of, 
67. 

Weight  of  wood  per  cubic  foot,  67. 
Wood: 

And  metal  combined  for  ties,  126. 

Carbonizing   of,   before   impregnation    with 
wood-creosote  oil,  102. 

Decay  of,  cause  of,  67. 

Dry,  amount  of  water  in,  66. 
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"  Fatty  pine,"  Wood-creosote  derived  from. 
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For  manufacturing  wo(Ml-cr6080te  oil,  99. 

For  operating  Thilmany  process  of  treating 
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Amount   of  solution    absorbed   by    various 
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INTRODUCTORY. 


The  following  report  and  papers  are  designed  as  a  basis  for  au  intel- 
ligent conception  of  the  possibilities  and  reqnirements  of  legislative 
action  on  the  part  of  the  General  Government  in  regard  to  some  of  its 
property.  They  will  also,  it  is  hoped,  be  welcome  to  the  student  of  the 
climatic,  floral,  and  economic  conditions  of  the  region  to  which  they 
refer,  and  serve  as  a  historic  reference  book  in  the  times  when  the  folly 
of  present  days  will  be  judged  by  those  who  will  suffer  its  consequences. 

The  pioneering  days  are  rapidly  disappearing  before  the  energetic 
push  and  advancement  of  railroad  building  and  settlements;  and  with 
the  changed  conditions  of  life,  in  communities  instead  of  in  isolated  log 
huts,  a  change  in  the  manner  of  life  and  its  adjustment  to  the  demands 
of  civilized  existence  is  called  for. 

The  development  of  the  Rocky  Mountain  region  during  the  last 
seventeen  years  is  indicated  by  the  growth  of  its  population.  The  pop- 
ulation has  increased  from  263,236  in  1870  to  900,000  in  1886,  while 
the  assessed  valuation,  exclusive  of  mining  property,  has  risen  from 
$96,507,000  in  1870  to  $330,000,000  in  1886.  This  growth  has  been  ob- 
tained, no  doubt,  partly  through  the  liberal  policy  which  the  Govern- 
ment has  pursued  in  regard  to  railroad  grants,  to  mineral  claims,  to 
land  entries,  etc. 

Of  the  enormous  amount  of  public  lands  given  free  or  at  nominal 
prices  to  settlers,  miners,  and  to  encourage  development,  amounting  to 
about  630,000,000  acres,  a  proportionate  share  has  fallen  to  the  region 
in  question.  For  educational  purposes  it  received  22,963,403  acres  or 
34  per  cent,  of  the  total  grant.  Of  the  50,000,000  acres  or  so  of  railroad 
grants,  outside  of  the  riglits  of  way,  4,500,000  acres  at  least  must  be 
debited  to  the  region  for  its  2,060  miles  of  land- grant  roads.  Under  the 
desert  laud  act  1,193,548  acres  were  given  up  at  $1  per  acre.  Under 
the  timber-culture  act,  389,991  acres  have  been  entered  in  the  region 
under  consideration. 

In  addition  to  these  grants  a  liberal  use  of  the  timber  on  the  public 
domain,  for  all  legitimate  purposes  which  would  aid  the  settler  in  build- 
ing up  and  improving  his  settlement  and  the  railroad  companies  in 
building  their  roads,  has  been  permitted. 

But  whether  the  continuance  of  such  lavish  liberality  after  the  pioneer 
existence  is  passed  has  not  already  been,  and  may  not  become  still  more 
in  future,  detrimental  to  the  best  interests  of  the  region  in  question,  as 
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well  as  of  tlio  Pacific  coast  region,  which  should  have  been  included  ill 
this  discussion  ;  whether  a  change  from  the  present  policy  in  regard  to 
the  remaining  public  domain  would  not  better  answer  the  purposes  of 
the  community  at  large — these  questions  now  call  for  deliberate  inves- 
tigation. 

That  this  need  of  a  change  of  policy  exists,  especially  in  regard  to  the 
timber  lands  occupying  the  mountain  regions  of  the  Kocky  Mountains 
and  the  Pacific  slope,  has  been  claimed  and  urged  for  many  years  by 
competent  officers  as  well  as  by  well-informed  citizens. 

The  reasons  brought  forward  for  such  a  change  in  regard  to  the  Gov- 
ernment timber  lands  are  partly  of  an  organic,  partly  of  a  moral  char- 
acter. 

In  the  present  classification  of  lauds,  special  regard  to  the  existence 
of  timber  on  the  land  is  only  given  in  California,  Oregon,  Nevada,  and 
Washington  Territory,  where  timber  land  not  tit  for  cultivation  may  be 
sold  in  tracts  of  160  acres,  to  any  one  person,  at  $2.50  per  acre  (act  June 
3,  1878),  forbidding,  however,  the  purchase  for  purposes  of  speculation, 
the  land  only  to  apply  to  the  exclusive  use  and  benefit  of  the  purchaser, 
and  the  title  not  to  inure  to  a  third  person.  It  is  well  known  that  this 
act  has  not  been  of  much  practical  value,  and  does  not  furnish  relief  to 
the  settlers  for  whom  it  was  designed.  Under  this  act  nearly  1,000,000 
(986,158)  acres  have  been  sold  and  are  held  by  large  corporations 
mostly. 

The  valuable  timber  lands  in  the  Southern  States  have  been  mostly 
disposed  of  at  i)rivate  sales  for  $1.25  per  acre,  under  tlie  act  of  June  22, 
1876,  by  which  the  public  land  policy,  which  had  been  stated  to  be  that 
of  holding  the  land  for  actual  settlers,  was  repudiated.  In  Alabama 
this  avowed  policy  sustained  another  blow  from  the  act  of  March  3, 
1883,  by  which  the  distinction  of  miaeral  lands  was  wiped  out ;  and 
thus  the  door  was  opened  for  speculators,  who  have  not  failed  to  take 
advantage  of  the  chance,  and  have  bought  many  millions  of  acres  of 
valuable  timber  for  a  small  price. 

In  theEocky  Mountain  States  and  Territories,  as  well  as  in  all  other  ■ 
parts  of  the  United  States,  all  bona  fide  residents  are  permitted  (act  , 
June  3, 1878)  to  fell  and  remove  for  building,  agriculture,  mining,  or 
other  domestic  purposes,  timber  or  other  trees  on  the  publiclands  which 
are  mineral  and  subject  to  mineral  entry  only,  and  on  the  land  entered 
under  homestead  acts,  and  they  are  also  allowed  to  clear  for  the  pur- 
pose of  cultivation  and  improvements  only,  not  for  sale,  before  tlie 
patent  accrues  to  them,  any  timber  on  their  entries. 

In  addition  to  the  grants  of  right  of  way  and  the  land  grants  of  alter- 
nate sections  under  the  general  right  of  way  act  and  other  acts  to  aid 
In  construction  of  railroads,  the  railroad  companies  are  allowed  "  to 
take  from  the  public  lands  adjacent  to  the  line  of  said  road  the  timber 
necessary  for  the  construction  thereof,"  this  right  to  cease  at  the  expi- 
ration of  five  years  after  location,  and,  of  course,  after  construction. 
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This  permission  lias  iu  practice  been  construed  by  tbe  railroad  compa- 
nies into  a  license  to  cut  timber  wbcrever,  whenever,  and  for  whatever 
purpose  they  saw  fit,  before  and  after  construction. 

That  the  timber  on  tlic  public  domain  had  a  special  value,  and  also 
that  it  needed,  like  all  movable  property,  to  be  looked  after  and  pro- 
tected, was  recognized  by  the  act  of  March  2,  1831,  under  which,  for  the 
care  and  custody  of  the  timber  on  the  public  domain,  a  system  of 
agencies  under  the  supervision  of  the  Solicitor  of  the  Treasury  was  es- 
tablished. When,  in  1854,  the  management  of  the  timber  interest  was 
transferred  to  the  General  Land  Office,  and  the  registers  and  receivers 
were  expected  to  act  as  timber  agents  without  additional  pay,  an  ex- 
ceodiugly  loose  construction  as  to  the  right  to  take  timber,  and  naturally 
a  lax  enforcement  of  any  laws,  prevailed  until  1877.  In  fact,  nntil  1870 
the  collection  of  stumpage,  when  found  out,  was  the  only  penalty  for 
timber  stealing,  and  a  regular  revenue,  payable  quarterly  at  the  discre- 
tion of  the  receivers,  was  attempted  to  be  collected  from  the  saw-mill 
men  without  any  sanction  of  law.  From  the  year  1872  until  1877  an- 
nual appropriations  were  made  for  this  service,  amouuttng  in  the  aggre. 
gate  to  $48,000  ($45,024.70  expended). 

In  1877  the  Commissioner  of  the  Land  OfiSce  instituted  a  service  of 
special  agents,  and  in  1878  a  special  appropriation  of  $25,000  was  made 
"  to  meet  the  expenses  of  suppressing  depredations  upon  timber  on  the 
public  lands."  The  system  of  special  agents  was  gradually  enlarged 
and  the  appropriations  increased,  with  the  results  during  the  last  seven 
years  as  exhibited  in  the  table  below. 

Depredations  on  the  puhlic  Hmler  during  seven  years. 


Estimated  value  of  tim- 
ber rcjwrted  stolen. 

Amonnfs 
actually  re- 
covered, 
partly  by 

com- 
promise. 

Appropria- 
tions for 

protection 
service. 

Agents  employed. 

Year. 

Market 

Stumpage. 

Number. 

MontLa 

em- 
ployed. 

1881 

$891,888 
2.044,278 
8,144,658 

7,289,854 

2,862,530 

9,  339, 679 
6, 140, 935 

$225,472 

511, 069 

1,709,824 

1, 093, 178 

489.255 

1,726,516 
1, 138, 320 

$41,680 
77,365 
27, 741 

62, 108 

49,451 

101, 086 
128,  612 

$40,000 
40,000 
75, 000 

75,000 

75,000 

75.000 
75. 000 

17 
31 

f-S! 

26 

(?) 
(?) 
12 

1882 

1883 

) 

18gt 

12 

1885 

8 

1886 

12 

1887 

12 

Total 

36. 719, 852 

6,893,634 

478, 073 

455,000 

27 

*  Actual  number  of  agents  employed  for  shorter  periods. 

With  more  and  more  urgency  have  the  Commissioners  of  the  Land 
Office,  the  officers  to  whose  care,  under  the  Secretary  of  State,  this  prop- 

NOTR. — During  the  tbirty-tlireo  years  from  1855  to  1888  the  suraa  recovered  from  troapassers  amounted 
in  the  aggregate  to  $401,172. 
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erty  is  intrusted,  insisted  that  under  existing  laws  and  conditions  not 
only  is  it  impossible  to  protect  tbe  property  of  the  people  against  theft 
and  devastation,  Init  the  need  of  the  settler  and  the  requirements  of  the 
industrial  pursuits  being  disregarded  by  the  law,  the  users  of  timber  are 
by  necessity  forced  to  become  depredators  if  they  wish  to  satisfy  their 
needs.  That  such  must  be  the  case  may  be  inferred  from  the  fact  that 
within  the  last  seven  years,  since  1881,  over  $36,000,000  worth  of  timber 
has  been  reported  as  stolen,  not  to  speak  of  the  large  amount  of  depre- 
dations which  must  have  been  left  undiscovered. 

While  the  Government  might  have  donated  this  timber,  or  timber  and 
land,  to  those  who  have  needed  it — although  the  need  of  home  consump- 
tion has  presumably  had  a  less  share  in  these  spoils  than  the  greed  of 
lumbering  monopolists — it  must  be  a  matter  of  shame  and  reproach  to 
us  to  have  in  this  manner  allowed  the  spoliation  of  the  public  property; 
certainly  a  state  of  affairs,  which  allows  such  robbing  of  its  partners 
from  year  to  year,  does  not  speak  well  for  either  the  wisdom  of  the  laws 
or  the  morality  of  the  community. 

In  addition  to  these  spoliations  of  its  direct  material  value,  the  public 
timber  domain  has  suffered  untold  damage  by  reckless,  willful,  or  care- 
less firing,  and  in  every  respect  the  management  of  this  part  of  our  na- 
tional inheritance  reflects  discredit  on  our  much-praised  business 
capacity. 

It  has  been  claimed  that  the  fault  lies  with  the  existing  laws,  and  this 
charge  has  no  doubt  good  foundation.  The  charity  which  the  Govern- 
ment has  extended,  in  allowing  free  use  of  its  property  under  certain 
conditions,  the  settled  community  now  would  gladly  exchange  for  a  fair 
bargain,  in  which  the  consumer  pays  for  what  he  uses,  and  gains  aright 
as  against  a  mere  privilege. 

Any  one  who  will  take  the  trouble  to  trace,  year  by  year,  the  ex- 
pressions in  regard  to  this  interest  of  the  nation,  in  the  rei)orts  of  the 
Secretary  of  the  Interior  and  the  Commissioners  of  the  Land  Office,  will 
be  astounded  that  no  hearing  has  been  accorded  to  them  which  would 
lead  to  a  proper  management  of  this  interest. 

Recommendations  for  a  change  occur  from  j^ear  to  year,  dating  back 
earlier  than  1880,  but  they  have  become  more  and  more  urgent  since 
then  as  the  need  has  become  more  urgent.  Extracts  from  the  reports  of 
the  Commissioners  of  the  Land  Office  will  be  found  further  on. 

The  Secretary  of  the  Interior,  in  1880,  after  devoting  over  six  pages 
to  the  subject  of  forestry,  says : 

I  regret  to  say  that  in  spito  of  tbo  repeated  recommendation  of  tlie  passage  of  a  law 
to  facilitate  the  prevention  of  the  wasteful  devastation  of  the  public  timber  lands, 
and  to  enable  the  Government  to  dispose  of  timber  to  settlers  and  miners,  as  well  as 
for  legitimate  mercantile  purposes  under  such  regulations  as  would  prevent  the  in- 
diecrimiuate  and  permanent  destruction  of  our  forests,  almost  all  the  legislation  that 
has  been  had  upon  this  subject  consisted  in  acts  relieving  those  who  had  committed 
depredations  in  the  past  of  their  rchponsibility  and  protecting  them  against  the  legal 
consequences  of  their  trespasses,  etc. 
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And  Secretary  Lamar,  in  1885,  repeating  his  recommendations  in  1880 
and  1887 : 

The  subject  of  tho  preservation  uf  timber  ou  the  Goverument  lands  has  been  nng: 
gested  to  Congress  repeatedly  iu  the  reports  of  my  predecessors.  Perhaps  its  frcqneitt. 
repetition  has  rendered  it  commonplace,  until  it  has  come  to  bo  recognized  as  a  part 
of  routine  report.  Its  importance  justifies  its  repetition.  That  the  timber  is  rapidly 
disappearing  is  an  indisputable  fact.  Much  is  wasted  and  destroyed.  Its  effect  on 
rain-falls,  the  flow  of  our  rivers,  and  the  healthful  character  of  climate  are  subjects 
worthy  of  consideration.  Its  importance  and  necessity  for  agricultural,  domestic, 
and  mechanical  uses-  requires  no  portrayal.  Good  government,  while  not  forgetful' 
of  the  present,  should  use  some  care  for  the  future.  Both  on  account  of  its  i»resent 
importance  and  its  future  necessity,  this  subject  is  worthy  of  your  thought. 

And  farther,  speaking  of  the  timber  act  of  1878 : 

Its  enactment  was  suggested,  doubtless,  by  tho  fact  that  settters  in  a  ucw  country, 
surrounded  by  woodland,  could  not  and  would  not  suffer  in  a  rigorous  climate  for 
want  of  fuel  and  shelter  ;  that  the  necessary  industries  of  a  frontier  would  not  submit 
to  the  pinchings  of  a  famine  in  the  midst  of  abundance.  But  while  it  was  necessary 
to  recognize  the  inevitable,  tho  recognition  was  not  properly  guarded,  and  waste  and 
greedy  speculation  scemS  to  have  resulted  from  the  law. 

Any  timber  for  the  ixscs  named  in  the  statute  may  be  cut,  under  its  provisions,  by 
any  resident  of  the  Territory  on  any  mineral  lands  of  the  Govermneut,  in  the  Territory 
of  his  residence,  without  compensation.  Individual  avarice  and  corporate  greed, 
thus  invited,  with  hasty  eagerness,  vie  iu  accepting  tho  bounty,  and  unless  checked 
by  wholesome  modifications  of  the  law,  will  soon  cause  all  the  mineral  lands  to  be 
stripped  of  their  forests.  Railroads  pass  through  many  of  the  Territories ;  along  their 
routes  wealthy  companies  have  been  organized,  mills  erected,  and  the  most  valuable 
timber  accessible  is  being  rapidly  cut  oflf.  That  which  is  "  every  one's  property  is  no 
one's  care,"  and  waste  and  extravagance  are  the  natural  consequence  of  negligent 
legislation. 

The  last  report  of  the  Commissioner  of  the  Land  Office  (1887)  contains 
a  chapter  illustrative  of  the  manner  in  which  a  small  minority  has  been 
for  a  long  time  defrauding  the  nation  unchecked.  Any  citizen  who  feels 
himself  a  part  of  the  great  government  "  of  the  people,  for  the  people, 
by  the  people  "  will  do  well  to  ponder  over  these  pages  of  disgrace. 
.  Such  is  the  moral  aspect  of  our  present  conditions  in  regard  to  the 
land  laws  and  to  the  reasons  for  a  change  iu  our  forest  i^olicy.  The  or- 
ganic reasons  are  those  which  compel  us  to  consider  the  forest  cover  of 
the  mountains  as  of  more  importance  than  merely  to  supply  material 
for  the  present. 

Under  existing  conditions  not  only  is  it  made  difficult  for  the  resi- 
dent population  to  supply  itself  with  the  needed  lumber  in  an  honest 
way,  but  the  danger  of  doing  so  in  contravention  of  the  law  entails  an 
enormous  needless  waste.  Acres  of  timber  are  felled  in  anticipation  of 
possible  use,  and  rot  on  the  ground,  because  their  haulage  may  become 
too  risky,  or  the  depredator  finds  it  difficult  to  dispose  of  the  property, 
and  so  it  is  left  to  furnish  food  to  the  ever-recurring  annual  fires,  which 
destroy  also  not  acres  but  miles  of  standing  timbcT,  and  no  legal  dis- 
position of  the  burnt  timber  may  be  made. 

That  those  who  may  cut  timber  legally  on  mineral  lands,  or  home- 
steads, or  timber  entries  on  the  Pacific  slope  have  no  interest  except  to 
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( 
satisfy  a  present  momentary  need,  and  clear  the  land  regardless  of  any 
consequences  to  future  supply,  or  proper  management,  or  forest  con- 
ditions, utilizing  only  wliaterer  part  of  the  trees  they  may  readily  use 
or  require,  leaving  the  balance  in  the  most  wasteful  manner  on  the 
ground,  is  attested  by  those  acquainted  with  the  manner  of  timber-cut- 
ting in  those  regions.  Any  sign  of  intelligent  and  systematic  manage- 
ment which  would  insure  a  full-  utilization  and  continuity  of  the  same 
is,  of  course,  absent  and  is  not  encouraged  by  present  regulations  under 
the  existing  laws,  and  local  supi)lies  are  waning  in  many  parts.  While 
in  view  of  the  needs  of  local  supply  for  mining  operations,  especially  in 
mines  yielding  low-grade  ores,  which  can  not  bear  the  burden  of  heavy 
charges  for  the  importation  of  their  timbering,  this  is  an  undesirable 
prospect,  a  much  more  serious  danger  is  threatening  the  community  at 
large  in  and  around  these  mountain  region^. 

The  climate,  as  will  be  seen  from  the  paper  of  Mr.  Parsons  included  in 
this  report,  is,  in  many  parts  of  the  region,  not  fay)rable  to  tree  growth; 
at  least  not  to  the  germination  of  seeds  of  coniferous  trees,  which  form 
there  the  natural  growth,  except  under  specially  favorable  conditions, 
while  broad-leaved  trees  of  economic  importance  are  not  naturally  found 
in  the  region,  or  only  in  small  quantity.  These  unfavorable  conditions 
are,  by  the  act  of  man,  made  still  more  unfavorable.  The  wholesale 
clearing  which  is  practiced  lays  bare  the  thin  soil  to  the  influence  of 
drying  sun  and  wind;  fires  that  sweej)  over  the  ground  without  hind- 
rance destroy  the  thin  mold  and  whatever  seedlings  may  have  been  on 
it,  and  thus  natural  recuperation  of  the  forest  is  made  impossible,  and 
any  attempt  at  artificial  reforesting  is  almost  precluded.  Barrenness 
and  desolation  is,  as  a  rule,  the  result,  except  that  in  more  favorable 
situations  the  quaking  aspen,  of  little  economic  use,  may  find  a  foot- 
hold, covering  the  nakedness  of  which  nature  has  become  ashamed. 

If,  in  view  of  so  much  graver  consequences,  it  were  permissible  to 
allude  to  it,  I  would  impress  upon  those  who  take  a  delight  and  a  pride 
in  the  charms  with  which  nature  has  endowed  our  country,  vying  with 
the  finest  scenery  of  Europe,  that  the  beauty  of  the  once  verdant  mount- 
ain sides  is  being  ruthlessly  and  needlessly  destroyed,  and  with  such 
general  equanimity  is  this  devastation  considered  that  we  may  soon  sub- 
stitute in  our  dictionaries  the  word  "Americanism"  for  "vandalism." 

What  the  graver  consequences  are  can  be  readily  understood  by  those 
who  have  studied  the  history  of  deforestation  and  forest  devastation  in 
southern  France,  Switzerland,  Spain,  Italy,  and  those  far  eastern  coun- 
tries which  compare  somewhat  in  climatic  aspects  with  the  region  in 
question. 

Not  only  is.  the  forest  cover  of  the  mountain  crests  destroyed  when 
it  might  have  yielded  continuous  supplies,  but  at  the  same  time  agri^ 
culture  in  the  valleys  below  is  first  endangered  and  then  made  impossi- 
ble. 

In  a  region  which,  like  most  of  the  plains  of  Idaho,  Montana,  Wyo- 
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ming,  Colorado,  Utah,  New  Mexico,  Arizoua,  and  southern  California, 
requires  for  agricultural  purposes  the  aid  of  irrigation,  regularity  of 
water-supplies  is  all-important.  This  is  being  tampered  with  when  the 
ground  is  laid  bare  on  the  mountain  sides,  allowing  the  rains  to  run  off 
as  from  a  roof  and  permitting  the  snows  to  melt  and  their  waters  to 
pour  down  in  torrents  at  a  time  when  more  than  enough  water  is  on 
hand  and  the  husbanding  of  the  supplies  for  a  later  season  is  highly 
desirable. 

Other  consequences,  such  as  an  increase  of  snow-slides  and  land-slides 
and  the  washing  of  debris  into  the  valley  have  begun  to  make  them- 
selves felt  and  it  can  only  be  a  question  of  time  when  we  must  reach 
such  a  state  of  things  as  was  brought  upon  the  mountain  districts  of 
France,  Switzerland,  and  the  Tyrol,  and  which  is  too  well-known  to  be 
rehearsed  again.  I  will  only  mention  that  after  entire  communities  had 
been  impoverished  by  the  action  of  torrents  due  to  deforestation  the 
Governments  found  it  necessary  to  interfere,  or  rather,  interference  com 
ing  too  late,  to  assume  or  aid  in  the  work  of  reforestation.  Tlius  in 
France  it  was  found  that  783,000  acres  needed  to  be  restocked  for 
reasons  of  public  utility,  besides  the  securing  of  1,900  miles  of  torrents. 
One  hundred  and  three  thousand  one  hundred  and  thirty-eight  acres 
of  mountain  land  are  reported  already  as  put  in  condition  by  the  Gov- 
ernment at  a  cost  of  $4,365,750,  outside  of  the  cost  of  expropriations, 
etc.  To  this  must  be  added  $1,110,643,  which  have  been  given, to  com- 
munities and  private  owners  in  aid  of  similar  works,  and  a  further  ex- 
penditure of  round  $34,000,000  is  expected  to  be  necessary.  Altogether 
it  is  estimated  that  $30,000,000  have  been  expended  to  correct  the  evils 
brought  on  by  foolish  disregard  of  nature's  laws.  For  the  year  1887 
the  appropriation  for  these  purposes  amounts  to  $794,000,  the  total  ap- 
l)ropriation  for  the  forest  department  of  France  being  in  round  numbers 
$5,000,000. 

The  public  land  commission  in  1883,  recommending  necessary  changes 
in  existing  land  laws,  says :  "  The  timber  lands  should  be  sold.  Will 
not  private  ownership,  self-interest,  best  protect  this  class  of  lands?'' 

If  the  history  of  the  countries  just  cited,  if  the  forest  lands  in  the 
older  settled  parts  of  our  own  country,  have  not  shown  that  this  is  a 
fallacy,  we  may  never  expect  to  learn  from  experience. 

While  the  existing  system  of  espionage  and  police  may  be  "  unpopu- 
lar and  un-American,"  as  it  undoubtedly  is,  it  exists,  not  because 
there  is  no  other  choice  than  sale,  but  because  there  are  no  adequate 
provisions  made  to  satisfy  the  requirements  of  lumber  for  actual  and 
commercial  use,  thus  forcing  the  population  to  depredations.  Settlers 
and  consumers  of  wood  can  not  be  expected  to  go  to  the  woods  an<l  cut 
their  sticks  when  wanted,  as  in  the  pioneer  days.  They  must  have  an 
opportunity  to  supply  their  wants  in  a  business  manner,  as  they  do  in 
all  other  needs  of  civilized  life,  through  the  agency  of  a  middle  man — 
in  this  case  the  lumberman  or  the  saw-mill  man — nor,  with  the  absence 
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of  stability  in  our  population,  can  more  than  a  temporary  or  an  ephem- 
eral interest  attach  to  forest  property  for  the  individual. 

It  is  not  the  forest  that  i«  valuable  and  would  appear  worth  his  pro- 
tection to  the  individual,  but  the  timber  which  the  forest  yields.  As 
soon  as  that  is  gone  the  value  and  the  interest  is  gone  for  the  individual. 
The  interest  which  the  community  has  in  the  forest  is  transcendaut. 
The  continuation,  reproduction,  and  protection  of  the  forest  cover  is  of 
importance  to  the  continued  welfiire  of  the  community,  especially  in 
the  mountain  forests,  and  they  will  therefore  be  in  safer  hands  with  the 
community  at  large,  with  the  state. 

Let  it  not  be  overlooked  that  the  state  is  not  only  the  representative 
of  communal  interests  as  against  individual  interests,  but  also  of  future 
interests  as  against  the  present ;  that  the  forest  is  a  kind  of  trust,  of 
which  the  usufruct  belongs  to  the  present,  and  that  to  draw  upon  its 
capital  is  a  perversion  of  the  trust  and  can  only  be  excused  by  direst 
necessity.  Every  other  civilized  country  has  found  out  after  severe  pun- 
ishment that  private  interest  is  not  sufficient  to  protect  this  class  of 
lauds :  that  state  ownership  or,  what  is  more  objectionable  and  less 
effective,  state  supervision  of  private  forest  lands,  is  indispensable  in 
those  regions  where  the  forest  subserves  other  functions  than  that  of 
mere  material  supply. 

Whether  or  not  interference  of  the  state  in  the  management  of  one  of 
the  most  potent  factors  of  national  welfare  is  un-American  has  been 
fully  discussed  in  the  paper  contributed  by  Prof.  E.  J.  James,  well 
known  as  a  writer  on  economic  subjects. 

The  report  of  Colonel  Ensign,  the  facts  for  which  were  gathered  under 
many  difficulties  for  lack  of  more  liberal  funds  than  could  be  allowed 
for  this  work,  will  present  a  clear  and  tolerably  exhaustive  picture  of 
the  present  conditions  (1887)  of  the  region  in  its  economic  development 
and  other  aspects,  so  far  as  they  bear  upon  the  consideration  of  our  ques- 
tion and  of  the  forest  areas  as  distributed  through  its  different  parts. 

It  was  impossible  to  include  in  this  investigation  the  Territory  of 
Utah,  and  although  the  writer  of  this,  at  his  own  expense,  visited  the 
Territory  and  obtained  considerable  information  which  would  show  that, 
if  anything,  the  forest  interests  of  Utah  are  in  a  more  precarious  con- 
dition than  those  of  the  other  parts  of  the  region,  this  information  was 
not  deemed  complete  enough  to  appear  as  a  separate  chapter.  A  short 
r6sum<S,  however,  has  been  appended  to  the  report  of  Colonel  Ensign. 

The  map  accompanying  this  report  was  compiled  from  the  returns 
which  appear  under  the  description  of  forest  conditions  by  counties. 
It  of  course  makes  no  pretense  at  exactness  as  to  boundaries,  but  simply 
gives  to  the  eye  an  idea  of  the  relative  position  of  wooded  areas  and  of 
the  principal  irrigation  ditches. 

The  question  of  what  constitutes  timber  land  is  a  perplexing  one.  As 
one  or  other  view  predominates,  it  denotes  land  stocked  with  trees 
ready  for  the  saw-mill  or  merely  laud  upon  which  there  is  a  wood 
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growth.  If  to  "  what  is  "  we  add  the  conception  of  "  what  ought  to  be," 
timber  hind  would  include  also,  in  a  mountainous  region  at  least,  all 
that  treeless  area  which,  not  fit  for  agriculture  or  not  needed  in  the  de- 
velopment of  mines,  etc.,  can  and  should  bear  a  tree  growth  and  pro- 
duce a  timber  crop. 

In  this  connection  the  report  of  Mr.  Abbot  Kinney  on  the  forest  con- 
dition of  the  southern  counties  of  California  will  be  read  with  interest, 
showing  that  the  timber  lands  in  which  the  state  should  be  concerned 
do  not  always  contain  "  timber"  of  the  kind  in  which  the  lumberman  or 
other  private  owner  would  interest  himself.  For  the  preservation  of 
favorable  hydrologic  and  agricultural  conditions  even  care  of  the 
"  chaparral "  may  be  of  service. 

To  the  student  of  the  forest  botany  of  the  region  the  careful  compila 
tion  by  Mr.  George  B.  Sud  worth,  of  the  division,  will  be  welcome.  The 
main  eftbrt  has  been  to  so  arrange  and  describe  all  the  woody  plants  of 
the  region  that  the  layman  may  be  enabled,  without  much  unnecessary 
technical  terminology,  to  get  acquainted  with  them ;  but  at  the  same 
time  the  scientific  botanist  will  find  much  aid  in  such  a  compilation,  for 
which  all  authorities  have  been  carefully  consulted  and,  after  due  sift- 
ing, a  truthful  statement  of  facts  attempted. 

As  it  is  the  object  of  this  bulletin  to  aid  in  forming  a  basis  for  intel- 
ligent forestry  legislation,  it  seemed  desirable  to  note  what  action  had 
been  attempted  in  the  national  legislature  looking  toward  a  better 
administration  of  the  timber  lands  of  the  nation. 

Mr.  Egleston,  of  the  division,  has,  for  this  purpose,  compiled  a  com- 
plete reference  table  to  this  kind  of  legislation,  from  which  it  appears 
that  attempts  to  effect  a  change  have  not  been  unfrequent,  although 
unsuccessful.  No  doubt  the  more  pressing  interests  of  the  day  have 
excluded  from  the  halls  of  Congress  proper  consideration  of  the  vital 
interests  of  the  future. 

Since  there  does  exist  in  the  region  a  Government  reserve  of  timbered 
country — though  not  by  any  means  created  with  a  view  to  the  needs  of 
forestry — it  was  desirable  to  give  special  information  as  to  its  conditions 
and  its  further  needs  at  the  hand  of  Government.  IS^o  more  competent 
writer  for  this  task  could  have  been  found  than  Mr.  Arnold  Hague,  for 
several  years  geologist  iii-charge  of  the  National  Park  j  a  man  thoroughly 
acquainted  with  the  ground,  of  broad  views,  and  alive  to  the  important 
interests  dependiug  on  such  timber  reservations.  The  letter  which  ho 
kindly  consented  to  contribute,  will,  it  is  hoped,  stir  up  an  interest  in 
those  who,  while  in  sympathy  with  the  idea  of  the  National  Park,  can 
not  rise  to  the  broader  conception  of  national  forestry. 

A  chapter  on  snow-slides,  prepared  by  the  writer,  will  give  an  imper. 
feet  intimation  of  what  direct  dangers  may  be  expected  from  forest  dev- 
astation in  the  mountains,  and  how  to  meet  them. 

The  concluding  pages,  kindly  contributed  by  Mr,  Parsons,  will  be 
read  with  interest  by  those  who,  in  the  i)lainsof  the  region  in  question, 
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Lave  beguu  to  ameliorate  their  climatic  conditions  by  the  plautiug  of 
trees  and  groves. 

Fully  aware  that  defects  in  a  report  like  the  following  must  become 
apparent  to  any  one  who  peruses  it  with  interest  and  finds  one  or  the 
other  important  question  imperfectly  answered  or  altogether  overlooked 
— defects  which  are  due  to  many  diflerent  causes,  too  many  to  recount — 
I  still  hope  that  they  will  not  prove  such  as  to  overshadow  the  value  of 
the  work  as  a  whole  for  the  purpose  for  which  it  has  been  done.  Love 
and  zeal,  at  least,  have  been  brought  by  all  the  contributors  to  their 
work  in  behalf  of  the  great  national  interest  which  is  connected  with 
the  "backbone"  of  this  continent. 

B.  E.  Fernow. 


EXTRACTS  FROM  REPORTS  OF  THE  COMMISSIONERS  OF  THE 

LAND  OFFICE. 


Conmiissiouer  Williaiusou,  in  bis  reports,  deals  at  leugtli  ami  in  detail 
with  the  depredations,  the  deficiency  of  funds  to  counteract  them,  the 
feeling  of  the  law-abiding  citizens  in  regard  to  them,  and  proiiosed 
changes. 

Commissioner  McFarland  says,  in  1881 : 

The  existing  provisions  of  law  permitting  citizens  tc  fell  and  remove  timber  on  the 
public  lands  for  mining  and  domestic  purposes,  as  found  in  act  of  Juno  3,  1878,  are, 
in  my  opinion,  very  defective.  The  only  lauds  from  which  such  cutting  is  authorized 
are  the  mineral  lands. 

(1)  The  mineral  lands  are  to  a  great  extent  undefined  and  necessarily  must  so  re- 
main. 

(2)  Large  quantities  of  timber  are  absolutely  necessary  for  the  development  of 
mines,  while  the  said  act  authorizes  the  cutting  thereon  of  the  timber  for  other  pur- 
poses. The  purchaser  of  a  mining  claim  has  as  much  (if  not  a  greater)  need  for  the 
timber  thereon  as  the  agriculturist;  and  the  transportation  of  timber  to  the  mines 
from  a  distance  is  very  expensive. 

(:{)  The  law  furnishes  no  relief  to  such  as  reside  at  a  distance  from  such  lands. 
The  situation  is  practically  this:  The  settlers  on  lands  devoid  of  timber  need  timber 
for  fuel,  building,  etc.  Very  frequently  they  can  not  get  it,  except  from  the  public 
lauds.  If  they  can  not  get  it  legally  still  they  will  take  it,  and  when  taken  solely 
for  said  purposes  it  is  under  circumstances  which  largely  mitigate  the  technical  legal 
offense. 

While  parties  who  steal  the  public  timber  for  speculation  and  profit  deserve  severe 
punishment,  those  who  use  it  solely  for  home  purposes,  under  the  imperative  necessities 
above  mentioned,  should  have  their  privileges  accurately  and  reasonably  defined.  1 
deem  the  enactment  of  some  law  which  will  accomplish  this  end  to  be  very  desirable 
and  in  the  public  interest. 

In  1882 : 

Proceedings  for  the  protection  of  the  public  timber  are  now  had  under  several  dif- 
ft-rent  statutes,  some  of  a  general  and  others  of  a  more  local  character.  Much  em- 
liarrassmcut  grows  out  of  this  diverse  legislation,  portions  of  which  are  also  conllict- 
ing. 

It  is  ray  opinion  that  a  general  law  should  bo  enacted  clearly  defining  the  rights  of 

rizeus  to  take  timber  from  the  public  lands  for  prescribed  purposes,  and  providing 

naltics  for  unlawful  cutting,  removal,  destruction,  or  waste. 

Of  the  various  classes  of  cases  of  trespass  with  which  this  ofllco  has  to  deal,  tho 
most  numerous  are  those  committed  under  cover  of  homestead  entries,  fraudulently 
maile  for  the  purpose  of  securing  the  timber  on  tho  land.  This  class  of  entries  does 
not  seem  confined  to  any  one  locality,  but  tho  fraud  is  perpetrated  wherever  there 
are  public  timber  lands  subject  to  entry  under  the  homestead  laws. 
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In  1883: 

The  present  iucreasiug  value  of  timber  is  an  indnceinent  to  individuals  and  com- 
panies to  make  large  investments  with  a  view  to  the  control  of  the  timber  product 
and  the  further  enhancement  of  prices  resulting  from  such  control. 

It  would,  perhaps,  be  of  little  moment  how  soon  the  public  title  to  lands  should 
l)as8  to  i)rivate  holders,  since  that  is  the  ultimate  purpose  of  the  laws,  if  the  further 
purpose  of  the  laws  that  public  lands  should  in  the  original  instance  bo  widely  dis- 
tributed among  the  people  could  be  secured. 

Public  notices  relative  to  forest  fires  have  been  prepared  to  be  posted,  have  been  of 
beneficial  effect,  but  no  funds  are  on  hand  to  do  enough  in  this  direction. 

In  regard  to  the  timber  and  stone  act  oC  1878,  he  says : 

The  restrictions  and  limitations  are  flagrantly  violated. 

Evidence  is  cumulative  that  the  act  is  made  use  of  by  corporations  and  wealthy 
individual  operators  to  secure  fraudulently,  for  the  purpose  of  manufacturing  into 
lumber  or  to  hold  for  speculation,  the  accessible,  forests  yet  remaining  in  the  States 
and  Territories,  thus  to  be  lost  to  those  who  would  enter  and  make  use  of  them. 

Fraudulent  removal  of  timber  on  mineral  lands,  under  cover  of  this 
act,  is  also  reported : 

Information  is  in  my  possession  that  much  of  the  most  valuable  timber  is  being 
taken  up  by  home  and  foreign  companies  and  capitalists  through  the  medium  of  en- 
tries made  by  persons  hired  for  that  purpose.  I  have  found  it  necessary  to  snspend 
all  entries  of  this  class.     *     *     * 

In  1884,  in  regard  to  the  same  act : 

The  developments  of  the  past  year  emphasize  the  foregoing  statements  relative  to 
the  prevalently  illegal  character  of  this  class  of  entries.  The  result  of  the  operation 
of  the  act  is  the  transfer  of  the  title  of  the  United  States  to  timber  lands  practically 
in  bulk  to  a  few  large  operators. 

The  preventive  measures  at  the  command  of  this  office  have  proven  wholly  inade- 
quate to  counteract  this  result. 

Public  interest  would  be  served  by  its  repeal. 

Speaking  of  the  necessity  of  some  measure  by  which  natural  forests 
may  be  preserved  at  the  headwaters  of  important  rivers,  the  Commis- 
sioner says : 

The  importance  of  the  subject  can  not  perhaps  be  overestimated,  and  it  is  appar- 
ent to  me  that  if  anything  is  to  be  done  in  this  direction  it  should  be  done  quickly. 
The  forest  areas  of  the  country  are  rapidly  diminishing,  and  the  timbered  lands  of 
the  United  States  willj  under  existing  laws,  soon  be  exhausted.  To  a  groat  extent 
such  lands  are  now  appropriated  by  pre-emption  and  commuted  homestead  entries, 
made  without  settlement  except  that  of  lumber  camps,  and  without  improvement 
except  the  cutting  and  removal  of  the  timber  for  commercial  purposes.  The  United 
States  receives  only  the  minimum  agricultural  price  of  the  land,  irrespective  of  its 
real  value,  which  is  usually  largely  in  excess  of  the  Government  price. 

The  low  price  at  which  such  lands  are  now  «btained  stimulates  fraud  in  acquiring 
titles  and  holdings  for  future  speculative  purposes,  while  as  soon  as  reduced  to  pri- 
vate ownership  such  lands  have  their  proper  market  value,  and  the  cost  of  timber 
products  to  consumers  is  naturally  predicated  upon  that  value  and  not  upon  the 
Government  price  at  which  the  lands  were  primarily  obtained. 

Commissioner  Sparks  expresses  himself  as  follows,  in  1885 : 

Depredations  upon  the  public  timber  are  universal,  llagi'aut,  and  limitless.  Whole 
ranges  of  townships  covered  with  pine  timber,  the  forests  at  headwaters  of  streams, 
and  timber  land  along  water-courses  and  railroad  lines  have  been  cut  over  by 
lumber  companies,  under  pretense  of  titles  derived  through  pre-emption  and  home- 
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stfinl  entries  made  by  tboir  employ 6s  ami  afterward  us8i<ri]U(l  to  the  couipauiea. 
Steam  saw-mills  are  established  promiscuously  on  piibliu  lands  for  the  manufacture 
of  lumber  iirocured  from  tbo  public  domain  by  miscellaneous  trespassers.  Largo 
operators  employ  hundreds,  and  in  some  cases  thousands,  of  men  cutting  Government 
timber  and  sawing  it  up  into  lumber  and  shingles,  which,  when  needed  and  i)ur- 
ehased  by  local  citizens,  can  only  bo  obtained  by  them  at  jirices  governed  by  the 
market  value  of  timber  brought  over  expensive  transportation  routes  from  pointa  of 
legitimate  supply. 

Under  cover  of  the  privilege  of  obtaining  timber  and  other  material  for  the  con- 
struction of  "right-of-way  "  and  land-grant  railroads,  large  quantities  of  timber  have 
been  cut  and  removed  for  export  and  sale.  Immense  damage  is  also  inflicted  by  the 
destruction  of  small  growing  trees  and  the  spread  of  forest  fires,  resulting  from  a  fail- 
ure to  clear  up  the  land  and  dispose  of  the  brush  from  felled  trees,  even  in  the  cases 
of  authorized  cutting. 

And  iu  regard  to  the  timber-land  act  of  June  3, 1878 : 

It  has  operated  simply  to  promote  the  premature  destruction  of  forests,  the  ship- 
ment of  their  i)roducts  out  of  the  country,  or  for  holding  lands  and  the  lumber  needed 
by  the  citizens  at  the  speculative  prices  demanded  by  foreign  and  domestic  corporations 
acquiring  a  monopoly  of  the  timber  lands  of  the  Governmentat  nominal  rates  through 
easy  evasion  of  the  terms  of  the  law.  ~ 

Why,  as  a  mere  business  proposition,  timber  lauds  worth  at  lowest  averages  from 
$10  to  $25  per  acre  for  the  standing  trees  or,  according  to  accessibility  and  class  and 
quality  of  timber,  worth  $25  to  $100  per  acre  should  bo  sold  by  the  Gayernment  f->r 
$2.50  per  acre  it  is  not  easy  to  perceive. 

The  evils  developed  iu  its  practical  operation  are  inherent  in  the  system  and  can 
\>ii  cured  only  by  a  repeal  of  the  law  by  which  they  are  propagated. 

And,  further,  iu  enlarging  upon  the  importance  of  forest  i>reservation 
in  the  mountains,  he  says  : 

The  Government  is  now  expending  large  sums  of  money  in  attempts  to  substitute 
by  artificial  means  the  regulation  of  the  flow  of  the  Mississippi  Eiver  which  nature 
had  provided  in  the  dense  woods  originally  surrounding  the  sources  of  its  numerous 
tributaries. 

That  wise  and  speedy  measures  should  bo  adopted  for  the  preservation  of  forests  on 
the  x)iiblic  domain  is  iu  my  opinion  au  incontrovertible  proposition.  To  this  end 
I  recommend  the  immediate  withdrawal  from  appropriation,  sale,  or  disposal  of  all 
the  public  forests  and  of  lands  valuable  chiefly  for  timber,  subject  to  future  legislation 
for  the  permanent  reservation  of  designated  areas  aud  a  more  economically-govcrued 
disposal  of  such  timber  lands  or  timber  as  it  may  not  bo  necessary  indefinitely  to  re- 
serve. 

In  1886: 

Depredations  upon  the  public  timber  by  powerful  corporations,  wealthy  mill-men, 
lumber  companies,  and  unscrupulous  monopolists  are  still  being  committed  to  an 
alarming  extent  and  to  the  great  detriment  of  the  public  at  large. 

An  immense  pressure  is  brought  to  bear  upon  the  legislative  and  executive  branches 
of  the  Government  to  the  end  of  securing  immunity  for  i)ast  and  unlimited  privileges 
for  future  spoliations  of  public  timber  lands,  all  ostensibly  ui'ged  in  the  interest  of 
':)ona  fide  "agriculturists"  or  "miners,"  but  notoriously  in  fact  to  forward  gigantic 
schemes  of  speculation  and  monopoly  iu  the  remaining  forests  of  the  United  States. 

Replying  to  a  request  for  a  change  of  construction,  so  as  to  permit 
mill  owners  to  cut  timber  for  their  mills  on  land  that  might  be  mineral, 
the  Commissioner  writes : 

The  act  itself  is  injudicious  and  entirely  too  broad,  and  its  repeal  or  modification 
has  been  recommended  by  you  (the  Secretary)  for  tho  reason  that  its  provisions  ig- 
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noro  tho  iniportauco  of  tlio  i)re8ervation  of  tLe  timber,  aud  iuvite,  iu  a  measure,  great 
waste  and  greedy  spcculatiou  by  individuals  aud  corporations.  It  is  impolitic  and 
unjust  in  not  preserving  timber  for  the  use  of  future  settlers  and  inhabitants,  and 
permitting  it  to  betaken  iu  large  quantities  M'itliout  consideration  aud  proper  re- 
strictions. It,  however,  is  still  the  law,  and  so  long  as  it  remains  on  the  statute  book 
it  can  be  enforced. 

Tho  act  of  Juno  3,  1878,  gives  tho  timber  to  the  miner  and  settler,  but  if  the  saw- 
mill men  can  come  iu  aud  cut  and  sell  it,  they,  aud  not  tho  settlers,  will  get  the  ben- 
efit of  the  timber.  Tho  interest  of  the  settlors  and  lumbermen  in  this  matter  are  not 
identical. 

But  a  later  circular  (August  5,  1886)  permits  the  sale  of  timber  or 
lumber  to  bona  fide  residents  for  the  legitimate  use  of  the  purchasers  iu 
compliance  with  the  provisions  of  the  act,  which  means  for  actual  per- 
sonal consumption.  In  this  circular  the  right  of  existence  of  saw-mills 
using  timber  cut  on  Government  land  is  recognized,  and  while  it  is  im- 
l)Osed  upon  the  saw-mill  men  to  keep  such  records  as  will  show  where 
the  timber  they  manufacture  comes  from,  and  to  obtain  an  agreement 
from  the  purchaser  that  he  will  use  the  timber  legitimately  according 
to  the  spirit  of  the  act,  the  door  is  opened  to  circumvent  the  law. 

It  is  also  stated  that  "  there  exists  no  authority  of  law  for  granting 
the  privilege  of  cutting  timber  on  the  public  lands  and  paying  stump- 
age  therefor ;"  that  "there  is  no  authority  to  dispose  of  burned  timber 
separately  from  the  land." 

In  1887 : 

Such  a  record  of  crime  as  that  shown  by  investigations  made  by  special  agents 
during  the  last  two  years  is  rarely  to  bo  fouud.  Bold,  reckless,  and  gigantic  schemes 
to  rob  the  Government  of  its  lands  have  been  discovered  and  exposed  in  every  State 
and  Territory  containing  public  lands. 

Tho  unavoidable  continuance,  on  account  of  the  early  exhaustion  of  the  appropria- 
tion to  pay  witnesses  in  United  States  courts,  of  the  important  cases  against  tho  Sierra 
Lumber  Company,  in  California,  involving  over  $2,000,000,  and  in  which  two  special 
agents  of  this  office  devoted  nearly  their  entire  time  for  a  year  in  securing  evidence 
and  preparing  for  a  successful  prosecution,  and  of  the  cases  against  the  Montana  Im- 
provement Company  and  Northern  Pacific  Eailroad  Company,  in  Montana  and  Idaho 
Territories,  involving  an  equal,  if  uot  greater,  amount,  is  greatly  to  bo  regretted. 
The  delay  in  those  cases  can  not  fail  to  be  exceedingly  detrimental  to  tho  public  in- 
terests. The  Government,  so  far  as  tho  office  is  concerned,  was  fully  prejiared,  and 
had  every  reason  to  expect  that  had  said  cases  come  to  trial  judgments  would  have 
been  secured  for  nearly  tho  entire  amounts  sued  for. 

During  the  delay  in  the  prosecution  of  tho  above  and  other  important  pending  cases 
the  defendants  aro  by  no  means  idle.  They  not  only  continue  their  unlawful  dopro- 
tlatious  on  public  timber  in  defiance  of  all  eflbrts  of  this  office  to  prevent  that  course, 
but  they  avail  themselves  of  every  sucb  opportunity  to  destroy  tho  evidence  of  their 
past  transgressions  and  to  nullify  the  efforts  of  this  office. 

By  the  time  these  cases  can  again  be  brought  to  trial  many  of  the  witnesses  will 
have  disappeared  and  much  of  tho  evidence  depended  upon  by  tho  Government  will 
have  been  destroyed,  necessitating  a  ro-investigation  and  the  securing  of  additional 
evidence  in  nearly  every  case,  thereby  duplicating  tho  expenses  of  the  sjiecial  agents 
in  preparing  tho  cases  for  trial,  exhausting  tho  appropriation,  aud  rendering  it  im- 
possible for  this  office  to  cause  the  investigation  of  the  many  now  and  flagrant  cases 
of  trespass  which  aro  brought  to  its  attention.  Tho  appropriation  for  this  branch 
of  the  public  service  is  altogether  inadequate  for  the  purpose. 
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The  wholesale  destruction  of  public  timber  on  odd  sections  of  public  lands  within 
the  granted  limits  of  unconstructed  railroads,  or  of  roads  which  failed  to  comply  with 
tli(5  provisions  of  their  grants,  continues  to  an  alarming  extent.  The  delay  of  Con- 
gress in  declaring  the  forfeiture  of  said  grants  is,  in  this  i>articular  alone,  of  great 
detriment  to  the  public  interests.  Irresponsible  parties  are  rapidly  denuding  such 
lands  of  their  valuable  timber,  rendering  the  lands,  in  many  instances,  barren  wastes 
and  utterly  worthless. 

To  socuro  proper  enforcement  of  the  laws  and  punish  willful  and  persistent  viola- 
tors a  force  of  at  least  fifty  special  timber  agents,  at  an  annual  expense  of  ^l.'iO.OOO, 
ought  to  be  emi)loyed.  I  have,  liowover,  estimated  for  |125,000  as  a  minimum,  below 
which  a  reasonable  efficiency  in  the  service  can  not  be  obtained.  Vastly  more  can  be 
accomplished  in  one  year  with  a  sufficient  appropriation  than  can  be  accomplished  in 
several  years  with  smaller  annual  appropriations  aggregating  a  larger  sum. 

The  area  of  timbered  lands  in  the  United  States  is  disappearing  at  a  ratio  that  cx- 
(  ites  grave  apprehension,  while  timbered  agricultural  lands  in  the  public  States  and 
TiuTitories  generally  may  be  regarded  as  practically  exhausted.  The  necessity  for 
•  learing  land  of  its  timber  preliminary  to  making  a  farm  is  exceptional.  It  is  want 
■t'  timber  and  not  its  surplusage  that  afflicts  settlers  on  the  public  domain.  The 
.-.iruggle  to  accumulate  great  private  fortunes  from  the  forests  of  the  country  has  re- 
duced forest  areas  to  a  minimum.  What  is  left  at  the  heads  of  rivers  and  streams  and 
on  mountain  sides  should  be  preserved  as  of  intinite  importance  and  value  for  climatic 
(■{fectj  the  natural  regulation  of  the  flow  of  waters,  and  to  prevent  tEe  relapse  of  large 
agricultural  districts  to  a  desert  condition. 

When  timber  had  to  be  cut  and  burned  as  a  necessity  in  clearing  land  for  cultiva- 
tion there  was  no  cause  for  increasing  the  price  of  laud  because  there  was  timber  upon 
it.  This  is  not  the  present  situation.  The  remaining  timber  lands,  as  a  rule,  are 
worth  little  or  nothing  except  for  the  timber,  and  their  value  for  timber  is  being  rap- 
idly enhanced  as  transportation  facilities  increase  and  timber  areas  decrea.se. 

The  appropriation  of  $75,000  for  the  jjrevention  of  depredations  on  the  public  tim- 
ber is  TOTALLY  INADEQUATE.  The  vast  fields  to  bo  covered,  stretching  from  Florida 
to  Alaska,  can  not  be  supervised  by  twenty-five  special  agents,  nor  can  the  determined 
f^flforts  of  timber  depredators,  many  of  them  corporations  with  millions  of  dollars  at 
lieir  command,  to  despoil  the  forests  of  the  country,  be  met  by  puny  attempts  to  check 
their  unlawful  and  disastrous  acts.  The  service  is  more  than  self-supporting,  and 
draws  no  money  from  the  Treasury  that  is  not  more  than  returned  to  it  by  fines  and 
recoveries.  It  is  no  part  of  an  intelligent  or  defensible  policy  to  make  timber  depre- 
dations a  source  of  revenue.  The  object  to  be  attained  is  to  save  the  forest  lands  from 
unlawful  destruction,  and  if  this  can  be  accomplished  by  appropriating  the  whole  of 
the  receipts  derived  from  trespass  prosecutions  there  should  be  no  hesitancy  in  allow- 
ing the  administrative  department  the  aid,  at  least,  of  the  amount  it  recovers.  My 
estimate  for  the  next  fiscal  year  is  $100,000  for  this  purpose,  a  modicum  only,  I  must 
say,  of  the  amount  that  could  be  beneficially  and  profitably  expended. 

Three  years  ago  my  predecessor  recommended  an  appropriation  of  $400,000  to  pro- 
tect the  public  lands  from  unlawful  and  fraudulent  appropriation.  Since  that  period 
the  need  of  such  protection  has  increased  with  the  intensified  demand  for  public  land 
holdings  for  monopolistic  and  speculative  purposes.  Yet  Congress  at  the  last  session 
allowed  but  one-fourth  of  the  sum  regarded  as  requisite  under  the  preceding  adminis- 
tration of  the  Government. 

Both  Congress  and  the  Executive,  not  less  than  political  parties,  annually  assert  an 
utention  that  the  public  lands  shall  be  preserved  for  actual  settlement.  No  public 
tlemaud  is  greater  than  that  land  monopoly  shall  not  be  fostered  by  the  Government. 
Yet  at  the  vital  point  where  these  words  are  to  be  put  into  action.  Congress  fails  to 
place  in  the  hands  of  the  executive  branch  the  means  to  redeem  these  public  promises 
and  to  prevent  the  indiscriminate  waste  and  misappropriation  which  has  for  years 
dishonored  the  public-land  system,  and  through  which  great  areas  of  lands  needed  for 
actual  settlement  pass  into  the  hands  of  speculators,  syndicates,  and  corporations. 
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The  forests  of  auy  large  country  bear  a  peculiar  relation  to  national 
prosperity.  They  not  only  constitute  a  large  proportion  of  the  natural 
wealth  of  a  nation,  but  they  form  the  indispensable  basis  of  a  flourish- 
ing agricultural,  manufacturing,  and  commercial  industry.  They  are, 
moreover,  one  of  the  most  important  elements  in  determining  the  cli- 
matic conditions  of  any  given  region  and,  through  these,  the  distribu- 
tion of  population,  of  industrial  pursuits,  and  of  disease  and  health. 

According  to  the  census  report  of  1880  the  value  of  the  forest  crop 
of  the  United  States  for  that  year  exceeded  $700,000,000.  To  obtain  an 
adequate  idea  of  the  relative  importance  of  this  product  it  will  only  be 
necessary  to  institute  a  brief  comparison  with  other  branches  of  Indus* 
try  or  wealth.  The  value  of  the  forest  products  was  equal  to  one- third 
of  that  of  all  farm  products  whatsoever  sold,  consumed,  or  on  hand  in 
the  year  1879.  It  exceeded  by  over  $100,000,000  the  total  assessed 
value  of  all  the  farming  property  in  the  six  New  England  States,  and 
by  a  somewhat  smaller  figure  that  of  the  farms  of  Virginia,  North  and 
South  Carolina,  Georgia,  Alabama,  and  Mississippi.  It  would  have 
purchased,  at  its  assessed  valuation  for  the  purpose  of  taxation,  the 
entire  property,  i)ersonal  and  real,  of  all  the  citizens  of  the  States  of 
Vermont,  Delaware,  Florida,  Arkansas,  Nebraska,  Colorado,  Nevada, 
and  Oregon,  and  of  all  the  Territories  besides,  and  still  have  left  a  bal- 
ance nearly  equal  to  the  same  kind  of  property  rated  in  the  District  of 
Columbia. 

If  to  the  value  of  the  total  output  of  all  our  veins  of  gold,  silver, 
coal,  iron,  copper,  lead,  and  zinc  were  added  the  value  of  the  stone 
quarries  and  petroleum  obtained,  and  this  sum  were  increased  by  the 
estimated  value  of  all  the  steam-boats,  sailing  vessels,  canal-boats,  flat- 
wats  and  barges  plying  in  American  waters  and  belonging  to  citizens 
of  the  United  States,  it  would  still  be  less  than  the  value  of  the  forest 
crop  by  a  sum  sufficient  to  purchase  at  cost  of  construction  all  the  canals, 
bay  up  at  par  all  the  stock  of  the  telegraph  companies,  pay  their  bonded 
debts,  and  construct  and  equip  all  the  telephone  lines  in  the  Uniled 
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States.  Til  is  sum  of  $700,000,000  exceeds  the  gross  income  of  all  the 
railroad  and  transportation  companies  in  the  United  States,  and,  if  we 
leave  out  New  York  and  Pennsylvania,  it  would  suffice  to  pay  the  pub- 
lic indebtedness  of  all  the  other  States  in  the  Union,  including  that  of 
all  the  counties,  townships,  school  districts,  and  cities  within  those 
States.  In  a  word,  we  have  to  do  here  with  an  interest  ranking  third 
in  the  line  of  importance,  even  from  the  mere  view  of  dollars  and  cents, 
counting  manufjicturing  of  all  kinds  first  and  agriculture  second. 

If  forests,  therefore,  were  of  no  more  consequence  than  as  the  source 
of  the  wealth  which  their  annual  yield  represents,  they  would  be  worthy 
of  special  attention  and  care  on  the  part  of  every  community  which 
would  be  considered  thrifty  and  far-sighted. 

From  the  very  inception  of  government  on  this  continent  down  to  the 
present  time  our  towns,  counties,  cities.  States,  and,  since  its  establish- 
ment, the  National  Government,  have  devoted  much  attention  and  put 
forth  great  ettbrts  in  various  forms  to  jiromote  the  development  of  ag- 
ricultural and  manufacturing  industry. 

By  offering  lands  on  easy  terms,  by  giving  premiums  for  excellence 
of  products,  by  encouraging  the  importation  of  improved  breeds  of  live 
stock,  by  i>romoting  the  use  of  fertilizers,  by  free  distribution  of  seed, 
by  the  establishment  of  experimental  stations,  of  model  farms,  of  agri- 
cultural schools,  and  of  fairs,  by  exempting  land  from  taxation  for  a 
certain  length  of  time,  and  by  many  other  means,  the  endeavor  has 
been  made  to  enlarge  and  improve  agriculture. 

By  the  establishment  of  a  so-called  protective  tariff,  b^'  bounties, 
by  exemption  from  taxation,  by  direct  grants  from  the  public  treasury 
or  by  subscriptions  of  private  parties,  by  a  system  of  patent  rights, 
by  premiums,  by  expositions  and  exhibitions,  and  by  the  establish- 
ment of  technical  schools  and  similar  means  in  many  directions,  we 
have  labored  to  diversify  and  enlarge  our  manufacturing  industry. 

More  especially  have  we  tried  to  secure  that  fundamental  condition 
of  a  highly  civilized  state,  general  and  rapid  means  of  transportation 
and  communication.  We  have  expended  untold  sums  in  the  improve- 
ment of  our  highways  and  water-ways.  Country  roads,  turnpikes  of 
many  different  kinds,  railroads,  canals,  we  have  jiractically  constructed 
at  the  expense  of  the  public  Treasury.  We  have  laid  out  large  sums  in 
the  improvement  of  our  rivers  and  harbors  in  order  to  faciliate  our  com- 
merce. We  have  established  and  maintained  at  a  large  cost  to  the 
general  Treasury  a  Federal  post-office,  which  performs  many  of  the  func- 
tions of  an  express  company. 

But  not  only  for  transportation,  agriculture,  and  manufacturing  has 
the  Government  actively  engaged  in  a  promoting  and  fostering  way.  It 
has  passed  laws  for  the  preservation  and  increase  of  various  forms  of  our 
natural  wealth.  Most,  if  not  all,  of  the  States  have  undertaken  to  pro- 
tect game  and  fish  from  the  ravages  of  private  individuals.  They  havi 
enacted  laws  which  have  for  their  object  the  limitation  of  what  was  uii' 
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til  recently  an  nnrestricted  right  to  kill  as  much  game  and  to  catch  as 
many  fish  as  any  one  could.  The  General  Government  has  gone  even 
further ;  it  investigates  the  habits  and  history  of  the  clam,  the  oyster, 
and  the  lobster,  with  the  purpose  of  supplying  information  which  will 
promote  their  successful  and  profitable  cultivation.  It  has  undertaken 
the  business  of  stocking  the  rivers  and  lakes,  even  the  shore  waters  of 
the  ocean,  with  fish.  By  these  and  other  means  it  seeks  to  preserve  the 
sources  of  natural  wealth  from  the  devastations  of  selfish  persons  or 
to  render  them  more  valuable. 

Our  forests,  on  the  other  hand,  from  which  we  are  drawing  a  larger 
amount  in  natural  wealth  than  from  any  other  source  of  supply,  or  in- 
deed from  all  other  sources  together,  we  have  so  far  done  practically 
nothing  either  to  protect  or  to  cultivate.  While  this  seems  strange  when 
we  contemplate  the  forests,  as  we  have  done,  merely  as  a  source  of  raw 
material  for  our  mechanical  industries,  it  will  seem  the  more  remarkable 
when  we  consider  how  much  more  important  the  forests  are  on  other 
and  widely  different  accounts.  Although  they  are  the  chief  source  from 
which  we  draw  all  our  building  materials,  yet  even  if  thej'  should  cease 
to  yield  sufficient  to  satisfy  our  wants  in  this  direction,  we  could  i^erhaps 
secure  enough  for  this  purpose  for  generations  to  come  from  the  untold 
and  untouched  wealth  of  other  countries,  though  at  a  vastly'  increased 
cost.  We  would  resort,  morever,  in  the  face  of  a  growing  scarcity  of 
timber,  to  other  materials  for  our  building,  such  as  brick,  stone,  iron, 
and  other  metals.  The  value  of  the  product  of  lumber  was,  for  the 
census  year,  $233,208,000.  This  would  be  transferred,  of  course,  to  for- 
eign countries,  if  the  supply  of  lumber  should  give  out  in  this  country, 
but  it  might  at  least  be  possible  to  get  as  much  lumber  as  we  desired 
from  outside  sources  by  restricting  our  demands  within  narrow  bounds. 

The  fuel  supply  of  the  country  would,  of  course,  be  very  much  di- 
minished if  our  forests  were  cut  off  and  none  others  should  take  their 
place.  In  the  census  year,  three-fifths  of  the  people  of  the  United  States 
used  wood  as  the  ordinary  domestic  fuel,  and  the  total  value  of  wood 
used  for  fuel  purposes  amounted  to  nearly  $325,000,000.  At  the  same 
time,  if  wood  should  get  scarce  other  material  could  be  found  to  take 
its  place  as  fuel.  Coal  and  peat,  natural  gas,  petroleum,  and  many  other 
and  perhaps  some  now  unknown  substances,  might  be  substituted  in 
place  of  the  forest  products  for  fuel. 

Other  articles  for  which  wood  is  m  demand,  among  which  as  most  im- 
portant may  be  mentioned  fence  posts  and  fencing  material,  handles, 
wheel-stock,  wood  pulp,  baskets,  boxes,  etc.,  might  all  be  supplied  by 
other  material,  though  at  a  considerable  sacrifice  in  cheapness  and,  in 
some  cases,  convenience. 

It  is  to  be  said,  however,  in  this  connection,  that  in  spite  of  the  in- 
ventions or  application  of  substitutes  for  wood,  the  demand  for  the  lat- 
ter shows  no  tendency  to  decrease  in  an  advancing  community,  since 
the  growth  of  population  and  the  ever-multiplying  wants  of  an  expand- 
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ing  industry  more  than  keep  pace  with  the  substitution  of  other  materi- 
als, and  a  rising  price  of  wood  is  likely  to  be  the  result. 

But  forests  occupy  an  entirely  different  position  from  all  other  forms 
of  natural  wealth,  and  a  far  more  fundamental  one.  They  determine, 
to  a  very  large  extent,  climatic  and  hygienic  conditions,  and,  through 
these,  the  prosperity  of  industry  and  the  distribution  of  disease  and 
liealth.  The  functions  of  forests  in  modifying  climate  and  soil  are  so 
fully  and  ably  presented  in  the  various  reports  and  bulletins  of  the  De- 
partment of  Agriculture,  and  in  the  proceedings  of  the  various  Forestry 
Associations,  that  the  merest  summary  of  the  important  facts  will  suffice 
for  our  present  purpose. 

Whether  the  presence  of  forests  actually  inoreases  the  total  amount 
of  rain-fall  within  any  great  region  may  still  be  a  subject  for  dispute, 
but  all  authorities  agree  that  forests  produce  a  much  more  equable  dis- 
tribution of  moisture  throughout  theyear  than  exists  where  they  are  not 
found.  In  a  treeless  district,  particularly  if  it  be  hilly,  the  rain  glides 
off  into  the  rivulets  and  into  the  rivers,  scarcely  moistening  the  ground 
below  its  surface.  The  burning  rays  of  the  sun,  or  the  sweeping  blasts 
of  air,  cause  the  rapid  evaporation  of  what  may  remain  here  and  there 
on  the  surface  or  may  have  penetrated  a  little  way  into  the  soil.  A 
few  hours  after  the  rain  there  are  almost  no  signs  that  rain  has  fallen 
at  all.  On  the  contrary,  where  there  are  forests  the  interlaced  roots 
of  the  trees  and  the  mass  of  leaves  above  them  act  as  a  sponge,  which 
absorbs  the  water  and  holds  it  long  enough  to  enable  it  to  perform  its 
service  of  quickening  animal  and  vegetable  life.  The  water  oozes  and 
trickles  down  through  this  spongy  substance,  and  flows  slowly  away  to 
feed  the  springs  and  streams.  The  modifying  action  of  great  forests 
on  the  distribution  of  moisture  is  both  direct  on  the  immediate  region 
lying  about  them,  and  indirect  on  distant  localities,  owing  to  their  influ- 
ence on  the  character  of  the  streams  and  rivers  which  drain  their  areas. 

Where  streams  are  not  thus  protected  and  modified  at  their  sources 
by  forests  they  may  become  the  cause  of  almost  as  much  injury  as  ben- 
efit. Owing  to  the  fact  that  the  water  flows  off  so  rapidly,  the  streams 
become  at  one  time  raging  torrents,  sweei)ing  everything  before  them 
and  inflicting  an  amount  of  damage  which  it  requires  much  of  the  time 
elapsing  between  floods  to  make  good,  while  at  another  they  dwindle 
into  insignificance,  scarcely  furnishing  water  enough  for  the  flocks  and 
herds  along  their  banks.  Where  the  forests  have  been  cleared  from 
the  sources  and  banks  of  historic  rivers  the  result  has  been  an  entire 
change  in  the  character  of  the  streams.  The  history  of  the  Rhine, 
Rhone  and  Danube,  in  this  respect,  is  full  of  instruction  for  us,  and  if 
alternating  periods  of  drought  and  disastrous  floods  can  not  always  be 
directly  traced  to  the  removal  of  the  forests,  their  aggravation  and 
frequency  has  been  shown,  even  in  this  country,  to  be  due  to  such  re- 
moval. 

This  influence  of  forests  on  the  character  of  our  streams  is  a  much 
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more  important  subject  than  it  seems  to  a  careless  observer.  It  affects 
Davigation,  and  through  that  tlie  whole  transportation  system  of  the 
country.  A  river  which  is  navigable  only  at  high  water,  or  for  a  part  of 
the  season,  is  of  little  value  as  a  channel  of  commerce,  and  can  scarcely 
be  considered  an  active  competitor  with  such  an  ageucj'  as  the  railroad. 
And  yet  to  such  a  condition  are  many  of  our  great  streams  being  brought, 
and  we  are  now  called  upon  to  spend  large  sums  of  money,  on  the  one 
hand  in  dredging  and  cutting  in  order  to  utilize  a  decreasing  amount  of 
water  in  the  dry  season,  and,  on  the  other,  in  building  dykes  and  em- 
bankments against  ever-increasing  floods  from  the  melting  snows  of 
spring-time  or  as  the  effect  of  protracted  rains. 

The  character  of  the  streams  has  an  important  if  not  a  controlling  in- 
fluence upon  our  manufactures.  A  system  of  factories  and  mills,  which 
would  spring  up  spontaneously  along  a  watercourse  regularly  and 
equally  supplied  with  water,  is  rendered  impossible  if  this  stream  be- 
comes a  mountain  torrent  during  one  quarter  of  the  year,  and  an  all  but 
dry  bed  during  another,  even  if  in  the  two  cases  the  same  quantity 
of  water  falls  during  the  year  and  flows  off  through  this  channel  in  the 
course  of  a  twelvemonth.  Such  a  state  of  things  necessitates  a  resort  to 
more  expensive  means  of  water  supply,  or  to  auxiliary  power  of  another 
kind,  which  again  means  increased  cost  of  production  and  a  rise  in  the 
cost  of  living  for  every  member  of  society. 

Irregularity  of  streams  also  affects  agriculture,  and  not  only  indi- 
rectly, through  the  industries  above-mentioned,  but  directly  as  well. 
The  decreased  volume  of  water  during  the  period  when  the  least  rain 
falls  diminishes  the  humidity  of  the  atmosphere  and  affects  powerfully 
the  quality  and  variety  of  crops  which  may  be  raised,  while  the  in- 
tcreased  volume  at  high  water  cuts  into  and  carries  awaj'  enormous 
[quantities  of  the  soil  from  the  farms  lying  along  the  banks  of  the 
'streams,  even  when  it  does  not  by  its  overflow  spread  ruin  and  devas- 
tation through  the  adjacent  valleys. 

A  striking  illustration  of  the  extent  to  which  a  stream  may  be 
changed  by  the  deforesting  of  its  headwaters  and  shores  is  afforded 
by  the  river  Schuylkill,  from  which  Philadelphia  draws  its  water 
supply.  The  current  has  become  for  a  large  part  of  the  year  so  shal- 
low and  sluggish  that  it  is  no  longer  able  to  rid  itself,  as  it  once  did  with 
ease,  of  the  impurities  which  are  i)oured  into  it,  and  the  quality  of  the 
water  is  deteriorating  at  a  more  rapid  rate  than  the  stream  of  impurity 
is  increasing.  This  result  can  be  due  only  to  a  change  in  the  character 
of  the  stream  itself. 

The  fundamental  importance  of  forests  is,  if  possible,  still  more  evi- 
dent in  mountainous  and  hilly  districts.  Their  existence  in  such  situa- 
tions is  the  absolutely  essential  condition,  we  will  not  say  of  obtaining  the 
necessary  rain-fall,  or  preserving  the  necessary  moisture,  but  even  of 
maintaining  the  soil  itself.  Without  forests  a  soil  can  not  be  made,  or 
preserved,  on  our  mountainsides.    The   action  of  frost  and  of  rain 
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easily  sweeps  away  every  vestijje  of  soil  and  leaves  only  the  bare  rocks 
as  the  basis  of  ajfiiciiltiiro  ainl  tliii  sources  of  streams.  The  soil  thus 
carried  away  chokes  iip  the  streams  and  linishes  the  workof  destroy  in  j^ 
their  navigable  character,  which  was  so  surely  begun  when  the  disap- 
pearance of  the  forests  changed  their  broad  and  equable  currents  into 
mountain  torrents. 

Forests,  moreover,  have  a  powerful  influence  upon  the  sanitary  con- 
ditions of  life,  owing  partly  to  their  efiect  on  temi^erature  and  moisture, 
and  partly  to  their  eft'ect  on  the  purity  of  the  atmosphere.  Careful  ob- 
servations have  proved  that  if  the  moisture  of  the  atmosphere  rises 
above  or  falls  below  a  given  degree  certain  diseases  become  more  prev- 
alent and  fatal.  Forests  act  as  regulators  to  diminish  excessive  and  to 
increase  insufficient  moisture.  The  beneficial  influence  of  pine  forests 
on  pulmonary  diseases  is  universally  recognized. 

In  a  word,  then,  the  forests  are  an  absolute  necessity.  If  we  would 
have  the  advantages  referred  to,  with  many  others  not  discussed,  wo 
must  have  the  forests  near  us.  Mild  winds,  humid  atmosphere,  equable 
climate,  regular  rivers,  a  flourishing  agriculture,  an  exi)anding  industry-, 
are  things  we  can  not  import,  and  they  are  all  things  which  depend  for 
the  very  possibility  of  their  existence  on  the  presence  of  forests,  and 
extensive  forests,  within  the  bounds  of  our  own  country  and  distrib- 
uted where  they  will  do  most  good. 

The  experience  of  the  race  and  the  investigations  of  science  agree  in 
testifying  that  there  is  a  certain  ratio  which  the  forest  land  of  any  given 
country  (varying  of  course  with  the  country  and  even  with  different 
parts  of  it)  should  bear  to  its  other  lands,  and  that  if  the  forested  re- 
gion is  allowed  to  sink  below  that  ratio,  either  through  carelessness  or 
a  selfish  desire  to  get  all  the  advantage  out  of  the  resources  of  a  coun- 
try for  the  present  generation,  regardless  of  the  interests  of  posterity, 
the  result  can  be  only  an  impaired  industry  and  declining  prosperity. 

Even  if  all  the  land  of  a  country  were  good  agricultural  land,  the  plan 
of  clearing  it  entirely  off  in  order  to  put  it  under  cultivation  would  be 
strikingly  like  the  old  folly  of  killing  the  goose  that  laid  the  golden  egg ; 
for  not  only  would  no  increased  yield  of  agriculture  occur  as  the  result 
of  such  a  policy,  but  a  greatly-decreased  return  would  i)robably  be  the 
result,  diminished  to  the  lowest  point  and  ending  in  the  utter  destruc- 
tion of  agriculture  and  all  other  industry  in  one  common  ruin. 

The  importance  of  forests  then  for  the  national  welfare  being  admit- 
ted, the  question  remains  to  be  considered,  What  is  the  condition  of  our 
forests,  and  what  action  should  be  taken  in  their  behalf?  It  must  suffice 
in  regard  to  this  to  refer  to  the  facts  contained  in  the  various  census 
reports,  the  bulletins  of  the  Department  of  Agriculture,  and  the  numer- 
ous other  publications  in  which  the  past  condition,  present  state  and 
future  prospects  of  our  forests  are  discussed.  The  evidence  is  ample 
and  conclusive  that  we  are  making  fearful  inroads  on  our  forest  stores. 
We  are  cutting  off  a  much  larger  crop  than  can  possibly  be  replaced  by 
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natural  growth  within  the  period  when,  at  the  present  rate,  we  sball 
have  cleared  the  original  forest  off  the  ground.  Wo  are  doing  almost 
nothing  in  the  direction  of  cultivating  forests;  nay,  we  are  not  even 
protecting  from  devastation  the  young  trees  which  might  replace  the 
forests  if  they  had  a  fair  chance  for  growth. 

It  is  not  the  farmer — who  only  clears  the  forest  in  order  to  sow  his 
crops,  nor  the  lumberman — who  fells  the  trees  for  the  purpose  of  send- 
ing the  lumber  to  market,  nor  the  railroad — which  calls  for  our  forest 
trees  for  its  ties,  nor  even  the  settler — who  wants  fuel  to  keep  him  warm, 
who  are  the  enemies  of  our  forests.  All  these  at  least  obtain  from  this 
moderate  destruction  some  return  for  themselves  and  society  which  is 
great  and  visible,  though  not  always  commensurate  with,  the  damage 
they  inflict  by  their  careless  and  wasteful  methods.  Fire,  however,  and 
browsing  animals  of  all  sorts  inflict  a  damage  on  the  growing  forests 
for  which  there  is  either  no  return  at  all  or  one  so  insignificant  as  not 
to  be  worth  mentioning.  These  two  agencies,  between  them,  keep  mill- 
ions of  acres  free  from  trees  which  would  soon  be  covered  with  dense 
forests  if  they  could  be  protected  from  such  spoilers  for  a  few  years. 

It  is  estimated  on  good  authority  that  within  fifty  years,  at  the  present 
rate  of  cutting,  and  with  the  present  wasteful  methods  of  management, 
the  great  bulk  of  our  valuable  forests  will  be  gone,  with  almost  no  pros- 
pect of  seeing  them  replaced  by  a  new  growth  possessing  anything  like 
the  value  of  the  present  one.  To  put  it  mildly,  we  are  using  up  our 
forests  at  a  much  more  rapid  rate  than  we  are  replacing  them.  We  are 
already  beginning  to  experience  some  of  the  most  serious  evils  of  such 
a  policy  in  a  growing  scarcity  of  valuable  timber  and  in  the  changing 
character  of  our  streams,  soil  and  local  climate.  And  these  evils  are 
bound  to  increase  with  every  year  of  continuance  in  this  line  of  action. 

Such  being  the  case,  the  question  as  to  efficient  remedies  becomes  all- 
important. 

Before  mentioning  the  various  measures  of  relief  to  which  I  believe 
that  it  would  be  wise  to  have  recourse,  and  which  I  think  will  in  their 
main  outlines  have  to  be  adopted  before  long,  if  we  are  to  avoid  the 
losses  which  will  inevitably  accompany  our  present  policy,  I  wish  to 
^call  attention  to  some  important  distinctions  in  terms.  I  would  empha- 
ffiize  the  fact  that  tree-planting  is  not  forest-culture.  The  two  are  quite 
distinct  in  their  methods,  in  the  persons  who  manage  them,  and  to  a 
large  extent  in  the  purposes  which  they  subserve.  The  term  tree-plant- 
ing I  shall  apply  to  the  system  of  planting  trees  which  a  farmer  may 
carry  on  in  connection  with  his  agricultural  operations  from  a  variety  of 
motives,  such  as  beautifying  his  farm  and  house  yard,  shading  his  cat- 
tle in  the  fields,  protecting  them  or  his  fields  from  the  blasts  of  winter  by 
cultivating  wind-breaks,  planting  them  along  the  water-courses  to  keep 
the  soil  from  being  carried  away  by  sudden  freshets,  etc.  Forest-cult- 
ure I  shall  apply  to  the  regular  system  of  cultivating  extensive  tracts 
of  country  with  a  view  to  securing  as  large  and  valuable  a  stand  of 
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trees  as  possible.  This  also  may  bo  done  from  a  variety  of  motives,  as 
when  done  by  goverumeiit  or  corporations  with  a  view  of  allectiny:  the 
climate  and  preserving"  the  rivers  and  soil  of  the  mountains,  etc.  The 
difierence  consists  chielly  in  the  fact  that  in  the  one  case  tree-planting  is 
done  as  a  mere  incident  wjth  a  view  of  enhancing  the  value  of  other 
forms  of  property  with  which  it  is  intimately  connected,  while  in  the 
other  case  it  is  the  chief  business,  and  the  ground  is  given  up  entirely 
to  this  one  crop  and  is  managed  with  reference  to  its  prosperity.  The 
former  can  be  done,  of  course,  by  every  farmer  or  owner  of  a  lot  which 
he  devotes  chiefly  to  other  uses,  while  the  latter  can  be  done  only  by 
those  who  give  up  their  whole  laud  to  this  one  purpose.  Tree-planting, 
however  extensive  it  may  become,  can  never  take  the  place  of  forest 
cultivation.  The  former  would,  of  course,  be  done  only  by  people  in 
places  where  they  live  and  cultivate  the  fields,  while  the  forests  must 
be  kept  uj)  often  on  sterile  and,  for  agricultural  purposes,  good-for-noth- 
ing soil,  where  no  farmer  could  make  a  living.  To  secure,  moreover,  the 
meteorological  advantages  of  forests  and  the  indirect  industrial  benefits 
which  flow  from  their  regular  maintenance,  it  is  absolutely  necessary  in 
certain  conditions  that  they  should  cover  a  large  extent  of  contiguous 
ground,  stretching  often  for  miles.  It  is  evident  that  such  work  can  not 
be  done  by  a  small  farmer  in  the  time  and  with  the  means  usually  at 
his  command. 

Another  point  must  be  insisted  upon,  and  that  is  that  forest  i)reser- 
vation  does  not  at  all  mean  that  trees  shall  not  be  cut  down,  but  simply 
that  they  shall  be  cultivated  just  like  any  other  crop,  and  not  wasted; 
that  they  shall  not  be  taken  away  before  they  are  ripe  for  use,  except 
for  some  special  reasons,  and  that  the  conditions  necessary  for  rej^ro- 
duction  shall  be  steadily  maintained  from  year  to  year.  This  means, 
oftentimes,  that  care  must  be  exercised  not  to  allow  the  stand  of  trees 
to  be  cut  off  entirely  or  all  at  once,  since  this  sometimes  so  changes  the 
whole  character  of  the  soil  and  climate  as  to  make  it  impossible  to  re- 
cover the  ground  with  any  reasonable  exi)enditure  of  effort.  It  is  from 
this  wholesale  and  inconsiderate  cutting  that  such  immense  damage  is 
being  done  in  all  mountainous  regions  by  the  clearing  of  the  forests 
from  the  hillsides.  The  soil  is  left  exposed  to  the  free  action  of  the  frost 
and  rain  and  is  carried  off  in  such  quantities  as  to  leave  only  the  bare 
rocks,  on  which  nothing  can  take  root.  Even  if  the  soil  should  not  be 
carried  off,  the  beating  rain  and  driving  storm,  the  scorching  sun  and 
biting  frosts  will  dry  up,  freeze  out,  drown  out,  or  sweep  away  what- 
ever seedlings  might  spring  up  there.  The  judicious  cutting  of  a  for- 
est in  a  climate  like  that  of  the  Atlantic;  or  Pacific  coast  regions,  says 
Dr.  Sargent,  entails  no  serious  or  permanent  loss.  A  crop  ready  for 
the  harvest  is  gathered  for  the  benefit  of  the  community.  Trees  which 
have  reached  their  prime  are  cut  instead  of  being  allowed  to  jierish 
naturally,  and  others  take  their  place.  In  this  way  the  permanence  of 
forests  is  secured  while  their  fruitfulness  is  kept  at  the  maximum,  if  we 
consider,  say,  a  century  as  the  unit  of  time. 
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Now,  I  believe  that  our  own  brief  experience  contirnis  that  of  the  va- 
rious European  countries  and  is  in  full  baruiony  with  the  a  priori  de- 
duction drawn  from  a  study  of  the  problem,  viz,  that  a  wide  and  inten- 
sive care  on  the  part  of  the  Government  is  indispensable  to  insure  the 
preservation  of  the  necessary  forests.  As  already  shown,  our  Govern- 
ment has  never  taken  it  for  granted  that  any  branch  of  industry  would 
nourish  to  the  desirable  extent  if  left  to  itself.  Much  less  likely  is  for- 
estry to  flourish,  if  left  to  itself,  than  other  branches.  A  very  short 
glance  at  the  history  of  our  forests  is  sufficient  to  show  why  they  have 
been  disappearing  so  rapidly. 

The  farmer  has  cleared  off,  perhaps,  as  many  acres  as  the  lumberman, 
it  may  be  more  ;  but  he  has  cleared  the  ground  for  the  purpose  of  cul- 
tivating it,  and  though  it  is  undoubtedly  true  that  in  some  localities  he 
has  pursued  a  short-sighted  policy  and  cut  oflt'  an  excessive  amount  of 
the  forest,  yet  on  the  whole  most  of  the  clearing  he  has  done  has  been 
of  a  character  that  has  contributed  to  increase  the  total  wealth,  present 
and  prospective,  of  the  community'.    This  can  not  be  said  to  the  same 
extent  of  the  lumberman,  who  has  often  cleared  the  forests  from  ground 
which  was  really  good  for  nothing  but  to  grow  forests.     Until  a  very 
recent  period  it  was  possible  to  get  possession  of  forest  lands  for  a  mere 
song.    A  company  having  once  put  up  its  mills,  found  it  for  its  interest 
to  use  up  the  supply  of  material  as  soon  as  possible  and  then  to  change 
the  location  of  its  works.     Such  enterprises  had  little  interest  in  the 
welfare  of  the  region  within  which  the  mills  were  situated,  for  they  did 
not  expect  to  stay  longer  than  was  necessary  to  make  use  of  the  wood 
which  was  suitable  for  their  purposes.    They  cared  still  less  for  the  in- 
terests of  the  dwellers  in  the  valleys  of  the  water-courses  which  their 
policy  was  converting  into  entirely  different  sorts  of  streams.    They 
hoped  to  make  more  money  by  cutting  down  the  trees  as  rapidly  as 
possible  and  then  moving  on  than  in  any  other  way,  and  as  it  was  money 
alone  which  they  were  after  they  did  what  promised  to  give  them  the 
biggest  and  quickest  returns.    From  their  stand-point  it  was  all  right, 
i_andjust  what  everybody  else  in  society  would  have  done  if  he  had  had 
^he  chance,  but  it  was  none  the  less  ruinous  to  the  interests  of  those 
^ho  were  affected  by  it.    The  feeling  of  the  injured  had  little  chance, 
lowever,  to  concentrate  itself  against  any  one,  as  the  aggressors  were 
iften  far  removed  from  the  scene  of  operations  which  affected  them, 
lud  the  injured  were,  moreover,  ignorant  of  the  true  cause  of 'their 
sses.    In  a  word,  it  is  to  the  pecuniary  interest  of  the  lumberman  to 
Sut  as  fast  as  he  can,  since  the  more  he  cuts  the  more  money  he 
Jakes,  and  if  the  supply  gives  out  he  can  move  on  to  where  there  is 
jlenty  of  it.    What  does  he  care  even  if  the  supply  will  come  to  an 
jnd  in  twenty  or  twent3^  five  or  fifty  years?    That  is  a  long  way  off, 
ind  after  him  the  deluge.    Now,  I  think  that  no  one  can  doubt  that  it 
ras  a  short  sighted  policy  for  our  States  and  the  nation  to  be  so  free 
ritb  their  timber  resources  as  to  hand  them  over  without  control  of 
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B,uy  sort  iuto  the  bauds  of  priv' ate  parties  to  do  with  tbem  as  they 
chose.  The  nation  never  thought  of  doing  anything  of  the  sort  with 
its  streams.  They  were  looked  upon  from  the  very  first  as  things  in 
which  all  had  an  interest  and  which  the  Government  should  protect  in 
the  interest  of  the  whole.  But  with  that  curious  inconsistency  which 
characterizes  all  men  more^or  less  in  their  political  and  social  relations, 
but  especially  the  Anglo  Saxon,  while  we  prescribed  punishments  for 
all  who  i)olluted  or  filled  ui)  or  diverted  our  streams,  no  matter  how  con- 
venient it  was  for  them  to  do  so,  no  matter  how  much  they  may  have 
saved  or  made  by  so  doing — we  have  had  nothing  to  say  to  him  who  was 
slowly  drying  up  the  very  sources  of  the  streams  by  cutting  away  by 
wholesale  the  trees  that  protected  them. 

It  must  seem  to  a  disinterested  student  of  human  affairs  a  strange 
thing  that  a  Government  will  protect  the  farmer  by  its  police  force 
against  the  thief  who  would  take  a  bushel  of  corn,  but  will  do  nothing 
with  him  who  steals  away  the  fertility  of  his  field  by  drying  up  his 
water  supply;  or,  indeed,  will  prevent  a  brother  farmer  from  turning 
aside  a  portion  of  the  stream  which  has  alwajs  flowed  through  his  farm, 
but  will  say  nothing  to  him  who  causes  the  whole  stream  todr3'upand 
disappear  at  one  time,  and  reappear  at  another  as  a  raging  torrent 
threatening  to  sweep  away  his  most  valuable  acres ;  or  will  protect 
him  against  the  assault  of  a  bodily  aggressor,  but  do  nothing  with  the 
man  who  steals  away  his  health  by  altering  the  whole  character  of  his 
air  and  climate. 

Strange  it  would  seem  to  be  that  a  Government  will  establish  an  agri- 
cultural school  where  the  scientific  side  of  agriculture  can  be  studied, 
experiments  made  on  crops  and  soil,  etc.,  and  spread  abroad  at  public 
expense  the  results  of  such  experiments,  and  yet  make  it  no  part  of  the 
duty  of  such  a  school,  nor  offer  any  inducement  to  any  one  to  undertake 
the  investigation  of  forestry,  which  underlies  and  conditions  the  very 
l^ossibilities  of  a  flourishing  agriculture.  Strange  that  it  will  spend 
large  sums  of  money  in  growing  and  distributing  freely  to  farmers  seeds 
of  various  kinds  of  plants,  while  it  has  as  yet  done  little  or  nothing  to- 
ward the  same  kind  of  thing  in  regard  to  trees,  the  growing  of  which 
under  some  sets  of  conditions  would  be  as  i^rofitable  as  that  of  any  of 
the  new  kinds  of  crops  which  it  would  introduce.  Strange  that  it  will 
establish  agricultural  fairs  and  offer  premiums  for  excellence  in  all 
branches  of  agricultural  work  and  yet  not  notice  a  work  which  is  of 
vital  and  fundamental  importance  to  the  whole  industry  of  the  country. 

All  this  however  is  spilt  milk.  What  has  been  done  has  been  done 
and  can  not  be  helped.  Its  consequences  may  perhaps  be  obviated 
somewhat.  What  has  been  left  undone  has  been  left  undone,  and  we 
can  not  remedy  the  evil  except  by  inaugurating  a  different  policy. 

The  first  step  is  for  the  Federal  and  State  governments  to  remove 
the  timber  lands  which  still  belong  to  them  from  the  list  of  lands  for 
entry  or  sale,  and,  after  a  thorough  examination  as  to  what  forests  are 


33 

of  climatic  aud  iudustrial  importance,  to  keep  them  under  the  control  of 
the  Government.  There  are  in  the  older  States  perhaps  few  such  lands 
of  any  considerable  extent,  but  such  as  there  are  should  be  retained 
in  public  possession  and  managed  in  the  interest  of  the  whole. 

As  to  the  lauds  which  have  passed  into  private  possession  it  is  more 
diflBcult  to  do  anything-,  and  I  think  that  better  results  can  be  achieved 
b3'  ado])ting  a  line  of  action,  which  I  shall  outline  presently,  than  in 
1  lying  to  restrict  or  control  lands  which  have  finally  passed  over  into 
private  possession. 

To  insure  the  most  complete  success  in  this  work  of  protecting  and 
[•romoting  the  growth  of  forests  it  will  be  necessary  to  have  hearty  co- 
operation between  the  State  and  national  governments.  A  word, there- 
fore, may  not  be  out  of  place  in  this  connection  as  to  what  the  State 
-governments  may  properly  do  in  this  direction,  though  thej'  can  ac«om- 
[>lish  but  little  unless  the  Federal  Government  does  its  part. 

One  of  the  first  and  most  important  measures  which  the  individual 
States  may  wisely  adopt  is  to  take  some  steps  which  will  attract  public 
attention  to  the  vast  importance  of  the  matter,  aud  which  will  interest 
the  great  mass  of  the  people  in  some  active  work  of  their  own  in  con- 
nection with  the  subject.  This  can  be  done,  I  think,  by  some  general 
l)lan  of  encouraging  tree  planting  on  the  part  of  our  farmers.  To  do 
tins  in  any  satisfactory  way  it  is  necessary  to  devise  some  method  of 
I  caching  the  great  mass  of  people  and  fixing  their  attention,  if  it  be 
only  for  a  short  time.  This,  I  think,  can  be  secured  by  the  establish- 
ment in  the  proper  manner  of  a  State  holiday,  to  be  called  Arbor  Day, 
and  insisting,  so  far  as  possible,  on  its  general  observance  by  all  the 
people  in  the  State.  But  this  of  itself  would  not  be  enough.  Men 
must  be  provided  whose  business  it  should  be  to  make  a  thorough  study 
of  the  subject  of  forestry  in  general  and  the  business  of  tree  planting 
in  particular;  as  to  the  kind  df  trees  it  would  pay  best  to  plant  in  each 
localitj',  the  methods  of  culture,  the  influence  of  trees  on  the  farm,  etc., 
aud  who  should  go  to  agricultural  fairs  and  farmers'  meetings,  and  im- 
part the  instruction  which  the  average  farmer  is  wofuUy  in  need  of. 
They  should  also  go  into  the  teachers'  institutes,  especially  in  the  rural 
'listricts,  and  try  to  interest  the  teachers  in  a  matter  which  they  would 
have  rare  opportunities  to  urge  upon  their  pupils,  who  will  shortly  be 
the  controlling  element  in  the  State.  Means  of  publication  should,  of 
<'0urse,  be  amply  i)rovided,  so  that  they  could  reach  with  their  publica- 
tions and  lectures  every  farmer  in  the  State.  These  lecturers  should 
make  it  a  special  point  to  show  how  a  wood-lot  or  even  isolated  trees 
uiay  be  utilized  so  as  to  return  the  largest  yield  to  the  farmer. 

The  State  would  find  it  for  its  interest,  also,  to  establish  nurseries 
where  seeds  of  trees  or  young  trees  could  be  obtained  at  a  nominal 
])rice,  or  for  nothing,  as  experience  might  demonstrate  to  be  the  best 
plan.  Premiums  also  should  be  offered  for  the  best  groves  or  groups, 
or  samples  of  trees  of  various  kinds,  for  the  best  utilization  of  tree  pro- 
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ducts,  etc-    For,  in  tbe  loug  run,  this  element  would  determine  how- 
large  a  per  cent,  of  the  farmers  would  really  go  into  the  matter. 

It  may  be  objected  to  this  plan  that  it  is  not  necessary,  since  farmers 
are  alive  to  their  owu  interests,  to  lead  them  to  take  up  any  such  thing 
of  themselves.  This,  I  think,  is  entirely  a  mistaken  notion.  In  the  first 
place,  under  present  conditions  it  is  very  questionable  whether  it  would 
pay  farmers  to  take  up  tree  planting  on  a  large  scale  as  a  mere  matter 
of  dollars  and  cents.  They  know  very  little  of  the  subject.  It  would 
cost  entirely  too  much  to  get  ihe  education  necessary  to  make  such  a 
thing  profitable  for  any  farmer  to  undertal^e  it  ou  his  own  account. 
Ou  the  other  hand,  if  the  necessary  information  was  brought  home  to 
him  by  a  skilled  expert  in  such  a  form  as  to  be  thoroughly  intelligible 
to  him,  it  might  pay  him  well  to  engage  in  it.  Moreover,  it  is  a  well- 
known  fact  that  if  a  custom  once  creeps  into  a  farming  community  and 
naturalizes  itself,  so  to  speak,  among  a  few  of  the  best  farmers,  it  often- 
times takes  root  and  grows,  when  if  it  had  not  come  so  recommended 
and  pushed  by  strong  public  influence  it  might  never  have  come  at  all. 
The  introduction  of  nearly  all  public  improvements  amply  proves  this. 
It  is  as  well  established,  for  instance,  as  anything  can  be  in  agriculture, 
that  at  a  certain  period  in  the  development  of  the  industry  of  the  coun- 
try the  introduction  of  improved  breeds  of  live  stock  will  result  in 
enormous  profit.  But  the  larger  part  of  the  agricultural  regions  of 
this  country,  although  they  have  long  reached  that  period,  still  worry 
along  with  the  old  stylo  of  spindle-shanked  draught  horse,  the  long- 
nosed  swine,  and  the  scrub  cow.  Nearly  every  good  thing  is  the  result 
of  the  determined  effort  of  public-sj)irited  citizens,  or  of  the  Govern- 
ment, or  the  pushing  commercial  spirit  of  the  manufacturer  or  mer- 
chant who  has  made  or  bought  something  which  he  wants  to  sell.  Of 
these  means  the  Governnicnt  offers,  so  far  as  forestry  is  concerned,  in 
the  long  run,  the  only  sure  and  permanent  one,  as  in  nearly  every  other 
sphere  of  education. 

But  this  knowledge  itself  which  is  to  be  distributed  must  first  be  ac, 
quired;  for  it  is  safe  to  say  that  it  is  not  now  in  existence.  To  acquire 
it  will  cost  considerable  money  and  many  years  of  effort  if  the  private 
individual  is  to  do  it  alone  and  at  his  own  expense.  It  can  be  obtained 
only  as  the  result  of  careful  experimentation  on  the  growth  and  culti- 
vation of  all  the  different  kinds  of  trees  which  will  grow  in  this  climate, 
and  which  are  of  any  considerable  value.  This  can  be  best  done  in  con- 
nection with  a  regular  school  of  forestry,  where  all  the  problems  relat- 
ing to  kinds  and  values  of  trees,  growth  and  cultivation,  management 
of  stretches  of  woodland,  the  effect  of  forests  on  climate  and  health, 
their  economic  aspects,  and  the  other  countless  elements  of  this  great 
subject  of  forestry  are  thoroughly  studied.  Such  a  school  of  forestry 
might  and  should  be  established  in  connection  with  the  several  agricult- 
ural colleges  and  experiment  stations  which  have  been  so  liberally  en- 
dowed in  all  the  States  by  the  Federal  Government,  and  which  will  be 
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uudeserving  of  their  name  if  they  fail  to  give  instructiou  on  a  subject 
so  vitally  connected  with  agriculture  and  the  general  interests  of  the 
country  as  is  forestry. 

At  such  a  school  as  this  could  be  trained  the  men  who  could  manage 
extensive  tracts  of  forest  lands  in  the  ownership  either  of  private  in- 
dividuals or  of  the  State.  But  all  these  measures,  important  and  valu- 
able as  they  are,  would  not  be  sufficient  by  any  means  to  insure  satis- 
factory'^ results  at  the  iwesent  juncture.  In  order  to  make  them  of  any 
permanent  value  they  must  be  accompanied  by  a  radical  and  far-reach- 
ing policy  of  governmental  encouragement  and  management. 

The  States  and  the  nation  should  encourage  the  planting  and  cultiva- 
tion of  large  forests.  Mere  tree  planting  will  never  meet  the  require- 
ments of  the  case.  Large  tracts  of  contiguous  forest  laud  must  be 
maintained,  if  we  are  to  get  the  industrial  and  climatic  advantages 
which  flow  from  a  well-wooded  country.  The  time  has  come  when  it 
may  be  profitable  for  private  citizens  as  a  mere  means  of  acquiring 
wealth  to  plant  and  cultivate  forests ;  profitable,  I  mean,  if  they  have 
the  knowledge  in  regard  to  local  conditions  which  it  should  be  the 
duty  of  the  State  to  furnish  through  such  forestry  schools.  To  manage 
such  forests  so  as  to  make  them  profitable  requires  a  high  degree  of  ad- 
ministrative talent  and  trained  technical  skill  such  as  is  rarely  acquired 
by  any  great  number  of  men  except  in  connection  with  a  regularly 
equipped  school.  If  the  trained  men  are  at  hand,  and  can  be  obtained, 
and  the  evidence  is  forthcoming  that  the  cultivation  of  forests  is  likely 
to  prove  profitable,  we  may  expect  to  find  many  corporations  or  individ- 
ual men  going  into  the  business  from  purely  pecuniary  considerations, 
and  thus  we  should  enlist  private  interest  in  the  cause  of  public  welfare, 
as  we  do  in  other  branches  of  industry. 

But  though  I  believe,  judging  from  the  experience  of  foreign  coun- 
tries and  from  the  probabilities  of  the  ca«e,  that  we  should  thus  get 
many  men  interested  in  extending  and  maintaining  our  forests,  I  do  not 
think  that  this  will  be  sufficient.  We  shall  never  have  a  thoroughly  or 
even  an  approximately  adequate  remedy  for  the  evils  which  beset  us  in 
this  matter  until  the  States  and  the  nation  undertake  the  planting 
ard  cultivation  of  forests  on  a  large  scale. 

In  the  first  place  it  is  evident  that  in  the  case  of  the  large  percentage 
of  forests  which,  on  account  of  meteorological  considerations,  must  be 
maintained  under  unfavorable  conditions,  such  as  those  remote  from 
large  streams  and  railroads,  which  would  facilitate  transportation,  there 
can  be  no  sufficient  inducement  for  private  capital  to  seek  such  an  in- 
vestment. If  the  enterprise  will  not  pay  good  returns  we  can  not  expect 
private  parties  to  take  it  up,  and  much  of  the  reforesting  or  new  afforest- 
ing which  is  most  necessary  for  climatic  reasons  is  of  this  character. 
It  is,  moreover,  unsafe  to  have  forests  of  this  kind  in  private  hands, 
since  there  is  no  foretelling  at  what  moment  private  interest  might  lead 
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to  tbe  cuttiug  ofl'of  tbc  forest  from  localities  where  tbey  could  be  replaced 
only  witb  difficulty,  if  at  all. 

Moreover  forestry,  at  the  best,  is  an  industry  of  such  peculiar  char- 
acter that  it  is  very  doubtful  indeed  whether,  even  under  the  most 
favorable  conditions,  it  can  ever  attract  the  investment  of  private  capi- 
tal to  such  an  extent  as  to  furnish  forests  of  the  necessary  size  and 
quality.  It  requires,  in  the  first  place,  a  large  capital,  which  of  course 
cuts  oft"  most  individuals  from  any  hope  of  engaging  in  it.  It  requires, 
moreover,  the  use  of  capital  for  a  long  time  with  no  return  at  all,  and 
as  most  people  prefer  to  risk  their  money  wliere  there  is  hope  of  large 
and  quick  profits  rather  than  where  there  is  certainty  of  no  return  for 
years  to  come  (no  matter  how  sure  it  may  be  in  the  long  run),  this  still 
further  limits  the  number  of  those  who  arc  willing  to  go  into  the  busi- 
ness. It  requires,  moreover,  a  regular  su[)ply  of  highly  trained  labor 
for  the  efficient  working  of  the  forests,  which  it  is  difficult  to  get  unless 
there  are  such  schools  as  before  mentioned  and  a  reasonably  certain 
career  for  those  who  prepare  themselves  for  such  work. 

Another  peculiarity  of  the  business,  viz,  the  great  value  of  the  stock 
on  hand  after  the  forest  is  fairly  started,  is  a  constant  temptation  to 
spendthrift  owners  to  clear  the  ground  at  once,  in  order  to  realize  im- 
mediately, and  where  land  changes  hands  so  rapidly  as  in  this  country 
there  is  of  course  great  probability  that  it  will  sooner  or  later  fall  into 
the  hands  of  such  a  man,  who  can  do  more  damage  in  fiv'e  years  than 
a  successor  can  make  good  in  fifty. 

All  these  considerations  justify,  on  theoretical  grounds,  the  conclusion 
to  which  our  own  experience  points  and  which  that  of  Europe  absolutely 
demonstrates,  viz,  that  we  can  not  rely  on  private  enterprise  to  conserve 
the  interests  of  the  public  in  this  regard.  On  the  other  hand,  there  are 
comparatively  few  objections  to  Government  ownership  and  manage- 
ment of  forests  on  the  ground  of  efficiency.  The  characteristics  of  the 
business  coincide  very  closely  with  those  which  modern  economists  have 
enumerated  as  necessary  to  any  business  which  Government  should 
undertake.  European  experience,  moreover,  has  fully  demonstrated 
that  Government  management  may  be  quite  as  efficient  as  the  best  pri- 
vate management.  Indeed  the  state  forests  have  become  the  models 
which  private  owners  imitate,  and  they  count  themselves  happy  if  they 
can  equal  them.*     European  Governments,  after  having  to  a  very  large 

*  From  recent  reports  in  regard  to  the  German  forests  it  appears  that  iu  1884  Baden, 
witli  a  forest  area  of  only  234,000  acres,  bad  a  net  income  of  $578,000.  Wurtemburg, 
witb  476,000  acres,  bad  a  net  income  of  $1,237,600.  Saxony  from  ber  40.-^,000  acres  of 
timber  lands  derived  a  net  revenue  of  $1,588,325,  wbile  Prussia,  witb  a  large  jiart  of 
ber  forest  area  unproductive  and  undeveloped,  sbows  a  gross  income  from  tbe  State 
timber  lands  of  more  than  $2  per  acre.  Tbe  net  income  from  year  to  year  of  all  tbo 
German  forests — equal  iu  area  to  tbe  forests  of  New  England,  New  York,  and  Penn- 
sylvania— is  estimated  at  $57,000,000.  Tbis  it  must  be  understood  is  derived  under  tbo 
most  conservative  management,  wbicb  barvests  only  wbat  yeai'ly  grows  and  spends 
considerable  sums  for  improvement  of  tbo  crop  and  recuperation  of  waste  areas. 
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extent  followed  the  advice  of  the  orthodox  English  economists  and  got- 
ten rid  of  the  forest  lands  which  from  time  immemorial  have  belonged 
to  the  state,  are  now  trying  to  get  back  large  tracts  of  them  into  the 
possession  of  the  state.  The  attempt  to  control  private  owners  in  the 
use  of  their  forests  has  broken  down  in  Europe  nearly  as  completely  as 
it  would  do  here.  There  is  a  reason  in  our  society  why  the  state  should 
undertake  this  branch  of  business  which  does  not  exist  to  the  same 
extent  in  Europe.  We  have  no  old  families  with  vast  landed  es- 
tates handed  down  unimpaired  from  father  to  sou  which  ofl'er  a  good 
basis  for  forest  management.  The  only  person,  natural  or  artificial,  in 
our  society  fit  to  do  this  is  the  state.  I  would  not  be  understood  as 
arguing  for  state  monopoly  of  forests.  On  the  contrary,  I  think  the 
state  should  encourage  private  individuals  to  engage  in  forest  cul- 
ture on  a  largiB  scale,  but  I  think  that  it  will  never  succeed  in  getting 
them  to  do  so  to  such  an  extent  as  to  do  away  with  the  necessity  of 
planting  and  maintaining  forests  on  its  own  account,  which  it  will  need 
to  do,  partly  because  many  of  the  forests  most  required  will  offer  slight 
inducements  or  no  inducements  at  all  to  private  capitalists,  and  partly 
for  the  sake  of  conducting  model  forests  in  connection  with  its  schools 
of  forestry.  The  best  if  not  the  only  way  to  secure  the  development  of 
private  forests,  even  to  the  extent  which  is  possible  under  the  best 
conditions,  is  to  have  the  state  take  the  initiative  in  planting  and  caring 
for  forests.  The  function  of  state  forestry  is  not  merely  to  secure  the 
existence  of  certain  public  forests,  but  also,  and  perhaps  quite  as  much, 
to  encourage  private  forests  by  showing  the  proper  methods  of  culti- 
vation and  utilization  of  forest  products.  Men  do  not  like  to  put 
their  money  into  an  entirely  new  branch  of  business.  They  like  to  know 
that  somebody  has  entered  the  field,  if  only  as  a  pioneer,  and  has 
achieved  satisfactory  results. 

It  mAj  be  said  that  we  have  already  experience  enough  to  show 
that  forestry  may  become  a  profitable  branch  of  business  of  private 
parties.  The  trouble  is  that  our  experience  on  that  subject  is  exceed- 
ingly small,  that  it  moves  very  few  to  enter  the  business,  and  our  for- 
ests disappear  much  more  rapidly  than  such  favorable  experience  ac- 
cumulates. 

It  is  superfluous  to  say  that  the  State  and  the  United  States  Govern- 
ments should  establish  and  enforce  laws  which  would  put  an  end  to  the 
criminal  destruction  of  our  forests  by  fire  and  browsing  animals. 

The  whole  subject,  then,  may  be  summed  up  as  follows: 

We  are  wasting  our  forests — by  the  ax,  by  fire,  by  pasturage,  by 
neglect.  They  are  rapidly  falling  below  the  amount  required  byindus- 
irial  needs,  by  our  water  supply,  by  our  jivers,  by  our  climate,  by  our 
navigation  and  agriculture.  It  is  high  time  to  call  a  halt.  The  devas- 
tation of  the  ax  will  probably  go  on  in  the  forests  owned  by  private  par- 
ties. Other  forms  of  devastation  can  and  should  be  stopped  hy  rigor- 
ous measures  on  the  part  of  the  Government. 
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Our  only  hope  is  to  save  what  forests  we  have  still  in  the  public  pes* 
session,  so  far  as  they  are  necessary  to  the  prosperity  of  the  country, 
by  not  allowing  them  to  be  cut  except  under  such  conditions  as  will 
keep  the  forests  in  good  condition;  to  encourage  tree-planting  and 
forest-planting  on  the  part  of  individuals,  cori:)orations,  and  communi- 
ties; and  above  all,  as  forming  the  condition  on  whith  the  rest  will  be 
of  any  avail,  to  insist  that  the  States  shall  undertake  the  systematic 
cultivation  of  forests  in  those  places  where  it  may  be  necessary  to  pre- 
serve our  streams  and  climate. 

Some  one  may  ask  where  the  Government  is  to  get  the  authority  for 
this  purpose.  In  the  case  of  the  Federal  Government,  the  answer  is 
easy.  It  still  owns  millions  of  acres  of  forest  lands,  which  should  in- 
stantly be  withdrawn  from  entry  and  subjected  to  a  searching  examina- 
tion, by  exi)erts,  as  to  its  character,  reserving  permanently  to  the  Gov- 
ernment those  portions  which  arc  of  fundamental  importance  to  the 
climate,  soil,  and  streams.  In  the  case  of  the  States  much  of  the  very 
land  needed  falls  into  their  possession  for  non-payment  of  taxes.  Let 
the  States  keep  it.  Much  of  the  land  needed  can  be  obtained  at  pri- 
vate sale  for  a  mere  song.  Let  the  States  buy  it.  More,  if  necessary, 
can  be  obtained  by  the  exercise  of  the  right  of  eminent  domain— let 
the  States  take  it.  Shall  we  allow  a  railway  to  take  land,  no  matter 
how  insignificant  the  line  it  proposes  to  construct  or  how  few  people  it 
will  benefit,  and  refuse  to  the  States  the  right  to  take  land  for  such  a 
purpose  as  this,  on  which  hangs  the  welfare  of  our  whole  people? 

In  all  this  we  ask  nothing  more  than  that  the  State  shall  do  for  for- 
estry' what  it  has  already  done  for  mining,  agriculture,  trade,  and 
transportation,  and  we  ask  it  not  so  much  in  the  interest  of  forestry 
itself  as  a  separate  branch  of  industry  as  in  the  interest  of  other  indus- 
tries whose  prosperity  depends  on  the  continued  existence  of  forests. 

It  will  be  noticed  that  in  the  preceding  discussion  we  have  not  at- 
tempted to  distinguish  particularly  between  what  the  National  Govern- 
ment and  the  various  State  governments  should  do,  but  have  indicated 
ra;ther  what  they  should  all  do,  taken  as  a  whole.  The  particular  part 
which  each  should  do  follows  almost  as  a  matter  of  course  from  a  study 
of  the  relations  of  the  different  parts  of  our  governmental  system.  Some 
of  the  things  we  have  mentioned,  most  of  them,  perhaps,  should  be  done 
by  the  States  individually.  But  the  Federal  Government  should  cer- 
tainly go  on  with  the  work  it  has  begun  in  connection  with  the  Depart 
ment  of  Agriculture  at  Washington. 

It  should  continue  the  work  of  acquiring  and  disseminating  informa- 
tion, and  for  this  purpose  should  establish  experimental  forests  in  dif- 
ferent parts  of  the  country,  which  should  be  well  equipped  and  placed 
under  the  most  skillful  direction.  It  should  certainly  place  a  check  on 
the  exploitation  of  forests  on  Government  binds,  and  withdraw  what 
remains  of  our  national  timber  lands  from  the  clutch  of  the  devastators 
and  insist  on  some  regard  being  paid  to  general  interests  by  those  who 
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wish  to  utilize  them.  If  there  be  no  way  to  get  the  States  to  look  after 
the  matter  themselves  the  Federal  Governmeut  should  take  some  steps 
toward  reforesting  the  headwaters  of  our  great  navigable  streams  where 
they  have  been  cleared  ofif,  and  nothing  is  being  done  to  protect  them. 
Surely  it  is  as  legitimate  to  expend  Federal  money  to  keep  the  soil  from 
flowing  down  our  mountain  sides  and  filling  up  our  rivers  as  it  is  to  ex- 
pend money  in  clearing  out  their  channels  when  once  filled.  It  is  surely 
permissible  to  expend  Federal  money  to  protect  the  stream  itself  if  it 
be  proper  to  stock  and  restock  it  with  fish. 

Our  State  governments  should  do  the  rest,  and  should  begin  soon. 
The  expense  of  such  a  system,  i)roperly  organized  and  carried  out,  will 
be  defrayed  ten  thousand  times  by  the  great  increase  in  national  wealth 
and  national  health  which  will  ensue,  while  the  loss  incident  to  a  per- 
sistence in  our  present  policy  will  be  simply  incalculable. 
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LETTER  OF  TRANSMITTAL. 


^V  Sir:  Under  dates  of  April  1  aud  September  27,  188G,  respectively, 
commissions  were  issued  to  me  from  your  Department,  authorizing  an 
investigation  of  the  forest  conditions  and  resources  of  the  State  of  Colo- 
rado and  the  Territories  of  New  Mexico,  Wyoming,  Montana,  and  Idaho, 
and  an  examination  of  the  relations  existing  between  theibrests,  water- 
courses, and  irrigating  systems  of  the  region,  with  special  consideration 
of  the  Gof  ernmeut  timber  lands. 

I  have  the  honor  to  submit  the  accompanying  report. 

Upon  receiving  authority  to  conduct  the  investigation,  correspond- 
ence was  instituted  with  civil  engineers  aud  other  well-informed  per- 
sons in  the  several  counties  of-  the  region,  aud  printed  circulars  were 
sent  out  embracing  the  following  questions: 

CiRCULAJl  A. 

(1)  What  is  the  extent  of  forest  land  in  your  county,  giving  approximate  number 
of  square  miles ;  and  in  -what  part  of  the  county  is  it  mainly  situated  ? 

(2)  What  proportion  of  it  ia  fully  stocked;  good  for  timber?  What  part  of  it 
brush,  of  promising  growth?    What  part  of  it  made  waste  by  burning  over? 

(3)  What  is  the  proportion  of  forest  to.  other  lands  ? 

(4)  What  is  the  character  of  the  forest  growth  now  remaining,  in  the  size  and 
kinds  of  trees? 

(5)  What  species  of  trees  predominate  t 

(G)  iTame,  in  the  order  of  their  importance,  the  pf  incipal  uses  to  •which  each  kind 
of  timber  is  applied. 

(7)  What  special  dangers  threaten  the  forests  in  yonr  county,  as  lumbering,  con- 
Bumption  by  railroads,  fires,  etc. 

(8)  What  are  the  chances  for  renewal  after  the  forests  httve  been  destroyed  ? 

(9)  Of  what  species  of  trees  is  the  second-growth  usually  ? 

(10)  What  kiuds,  if  any,  follow  after  the  timber  has  been  destroyed  by  fire  ? 

(11)  Is  any  iilanting  done  ?    Aud  to  what  extent,  aud  with  or  without  irrigation f 

(12)  Have  you  noticed  any  changes  in  the  volume  of  water  in  the  streams,  as  the 
ices  in  their  vicinity  have  been  cut  off  or  burned  ?  Is  there  loss  water  in  the  streams 
1 1  an  formerly  ?    Have  floods  and  droughts  become  more  frequent?    Isthellowof 

water  in  the  streams  more  intermittent? 

(13)  Are  any  observations  on  rain-fall  kept  in  your  locality  ?  If  so,  by  whom  (giv- 
ing name  and  post-oflice  address)  ? 

(14)  Have  any  avalanches  occurred  in  your  section  ?  If  so,  pk^ae  give  the  particu- 
lars; when,  where,  and  what,  if  any,  loss  of  life  aud  property  ? 

(15)  Wh^t  mei^qj-es  would  you  suggest  for  more  adequate  protection  of  forest 
growth? 
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(16)  Give  any  other  iuforniation,  upon  the  same  general  subject,  ■which  may  occur 
to  you.  So  far  as  possible,  give  definite  and  particular  answers  to  the  foregoing  ques- 
tions, and  known  facts  rather  than  general  slatemeuts.  If  there  is  insufficient  space 
on  this  sheet  for  your  answers,  supplementary  sheets  may  be  used,  care  being  taken 
to  refer  to  the  numbers  on  this  sheet,  so  as  to  prevent  uncertainty  or  confusion. 

Circular  B. 

(1)  Please  give  a  brief  and  general  topographical  description  of  your  county. 

(2)  What  is  the  approximate  total  number  of  acres  of  land  in  your  county,  suitable 
for  agricultural  purposes,  requiring  irrigation? 

(3)  Is  there  a  sufficient  Avatcr  supply  to  irrigate  that  amount  T  If  not,  "what  pro- 
portionate amouut  short  f 

(4)  What  is  the  approximate  number  of  acres  already  under  ditch  T 

(5)  What  is  the  approximate  number  of  acres  already  irrigated  ? 

(G)  In  your  county,  what  is  the  approximate  total  length  of:  (a)  Irrigating 
ditches!  Main;  secondary;  small,  (b)  Mining  and  milling  ditches!  (c)  City 
water-works  (and  capacity  in  gallons)  ?  together  with  total  capacity  of  each,  in  stat- 
utory inches  or  cubic  feet,  per  second. 

(7)  Has  the  volume  of  water  iu  the  streams  of  your  county  increased  or  diminished, 
to  your  knowledge  ?  Is  the  flow  of  water  in  such  streams  any  more  or  less  intermit- 
tent than  was  formerly  the  case  ?  If  you  have  noticed  any  such  changes,  please  state 
the  causes,  so  far  as  known  to  you. 

(8)  What  effect,  if  any,  in  your  opinion,  do  the  forests  have  on  the  water  supply! 

(9)  What,  in  a  general  way,  is  the  extent,  character,  and  location  of  timber  in  your 
county ! 

(10)  Please  note  on  sketch  (to  the  best  of  your  knowledge)  the  situation  of  the  tim- 
ber, irrigating  and  other  canals,  and  city  water-works  in  your  county ;  giving  the 
timber  iu  black  and  canals  and  water- works  in  red. 

(11)  What  are  the  principal  causes  of  the  destruction  of  forests  in  your  county,  and 
what  measures  would  you  suggest  for  their  more  adequate  protection  ? 

(12)  Please  give  any  other  suggestions  upon  the  same  general  subject  which  may 
occur  to  you.  If  there  is  insufficient  space  on  this  sheet  for  your  answers,  supple- 
mentary sheets  may  be  used,  care  being  taken  to  refer  to  the  numbers  on  this  sheet, 
so  as  to  prevent  uncertainty  or  confusion. 

It  also  became  necessary  to  couduct  an  extensive  written  correspond- 
ence, whicli  extended  through  a  [)eriod  of  about  one  year.  Considera- 
ble interest  was  manifested  in  the  general  subject,  and  much  valuable 
information  was  obtained  concerning  local  forest  conditions.  The  facts 
collected  with  respect  to  the  numerous  irrigation  systems  of  the  regiou 
were  not  so  full  and  explicit  as  was  desirable,  but  served  a  useful  pur- 
X>ose  in  the  preparation  of  my  report. 

Between  the  months  of  April  and  December,  1886, 1  visited  many  of 
the  principal  points  in  Colorado  and  the  several  Territories  included  iu 
this  examination.  By  personal  investigation  and  inquiry  in  the  various 
localities,  I  was  enabled  to  obtain  much  useful  information  relating  to 
the  subject,  and  to  verify  statemeuts  derived  from  other  sources. 

For  most  timely  and  valuable  assistance  rendered  me  in  this  con- 
nection grateful  acknowledgment  is  due  to  ex-Governor  Benjamin  H. 
Eaton,  George  G.  Merrick,  esq.,  IIou.  \V'illiam  N.  Byers,  Capt.  Edward 
L.  Berthoud,  _C.  E.,  "Prof.  A.  E.  Beardsley  and  Blair  Burwel!,  C.  E.,  of 
Colorado;  Samuel  EUison.jesq.,  General  H.  M.  Atkinson,  H.  Hartman,  0. 
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E.,  and  Prof.  Ad.  F.  Bandelier,  of  New  Mexico;  Governor  E.  A.  Steven- 
son and  Hon.  Milton  Kelly,  of  Idaho;  W.  L.  DoLacy,  C.  E.,  Hon.  Gran- 
ville Stuart  and  Prof.  O.  C.  Mortson,  of  Montana;  Franklin  O.  Sawin, 
0.  E.,  Hon.  M.  N.  Grant  and  Frank  Bond,  esq.,  of  Wyoming.  Many 
others,  who  most  generously  and  efiBciently  aided  niein  this  behalf,  can 
not  here  be  mentioned  by  name. 

In  conclusion,  permit  me  to  say  that  this  work  has  been  one  in  which 
I  have  taken  great  pleasure,  and  though  not  unmindful  of  its  imperfec- 
tions and  deficiencies,  I  trust  it  will  in  fair  measure  meet  your  expecta- 
tions and  be  of  service  to  the  general  public. 

I  remain,  very  respectfully,  your  obedient  servant, 

Edgar  T.  Ensign, 
Special  Agent  of  Department  of  Agriculture. 

Hon.  KOEMAN  J.   COLMAN, 

Commissioner  of  Agriculture^  Washington^  D.  C. 


FOREST  CONDITIONS  OF  THE  ROCKY  MODNTAINS. 


I.— GENERAL  VIEW. 

The  forests  of  the  Eocky  Mountaiu  regiou  sustain  an  important  rela- 
tion to  the  western  half  of  the  United  States,  if  indeed  their  influence 
is  not  more  widely  extended.  In  the  past  their  value  has  been  wholly 
measured  by  their  yield  of  timber  and  other  useful  products,  but  a  more 
enlightened  estimate  is  now  gaining  ground.  It  is  gratifying  to  note  that 
a  more  just  comprehension  of  their  value  and  importance  prevails,  and 
that  the  indifference  with  which  their  partial  destruction  has  been 
viewed  is  yielding  to  a  desire  for  their  preservation. 

These  forests  are  mainly  situated  upon  the  lands  of  the  General  Gov- 
ernment, and  are  not  subject  to  State  or  Territorial  control.  The 
measures  in  force  for  their  maintenance  and  protection  are  extremely 
ineffectual. 

GEOGRAPHY  OF  THE  REGION.      * 

In  order  to  understand  the  existing  forest  conditions  of  this  regiou 
it  will  be  necessary  tirst  to  consider  its  leading  physical  features. 

The  term  "  Kocky  Mountains  "  (originally  "Stony  Mountains"),  in  its 
widest  sense,  includes  all  the  mountains  of  North  America  between 
the  Great  Plains  and  the  Pacific  Ocean,  extending  to  the  Arctic  Ocean 
ou  the  north  and  to  Mexico  on  the  south.  It  is  the  opinion  of  many 
that  the  same  system  includes  the  mountains  of  Mexico  and  Central 
America.  Exclusive  of  Mexico,  the  chain  traverses  the  entire  regiou 
embraced  between  the  thirty-second  and  seventieth  parallels  of  north 
hititude.  Its  greatest  expanse  is  between  the  thirty-eighth  and  forty- 
second  degrees  of  north  latitude,  where  the  system  has  a  breadth  of 

bout  1,000  miles.  Its  highest  peak  is  Mount  Saint  Elias,  in  Alaska, 
which  rises  to  an  altitude  of  19,500  feet  above  the  sea. 

THE  MOUNTAIN  SYSTEM. 

For  the  purpose  of  the  present  investigation,  the  term  "Rocky 
Mountains"  will  usually  be  confined  to  those  portions  of  the  sj'stem 
\Nhich  are  comprised  within  the  State  of  Colorado  and  the  Territories 
f  Idaho,  Montana,  Wyoming,  Utah,  and  New  Mexico. 
The  mountain  system  under  consideration  is  situated  midway  be- 
een  the  Mississippi  River  and  the  Pacitic  Ocean,  and  running  nearly 
24738--Bull  2 4  49 
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parallel  witli  these  has  a  gejieial  course  from  northwest  to  southeast. 
ItextiMuls  through  seventeen  degrees  of  latitude,  reaching  iroin  the 
Britisli  Possessions  to  the  Mexican  boundary.  Springing  lioni  elevated 
plains  and  plateaus,  which  rauge  in  altitude  from  3,000  to  7,000  feet, 
the  mountains  of  this  system  attain  their  greatest  elevation  in  Colo- 
rado, reaching  there  an  extreme  height  of  14,400  feet  above  the  sea. 
The  several  parts  of  the  system  may  be  described  briefly  as  follows : 
Commencing  at  the  boundary  line  between  British  America  and 
Montana,  in  the  western  part  of  the  last-named  Territory,  the  Main 
Ilange  there  takes  a  southeasterly  course  for  a  distance  of  about  -00 
miles;  then  it  turns  sharply  to  the  west  and  at  the  boundary  of  Idaho 
is  joined  by  the  Bitter  Root  chain  of  mountains,  which  run  in  a  south- 
easterly direction  and  form  the  middle  portion  of  the  dividing  line 
between  Montana  and  Idaho.  The  Coeur  d'Aleue  Mountains,  in  north- 
ei'u  Idaho,  constitute  the  northwest  extension  of  the  Bitter  Boot  Moun- 
tains. 

The  Main  Range,  from  the  point  where  it  is  joined  by  the  last-named 
mountains,  continues  in  a  southeasterly  course  on  the  line  between  the 
two  Territories  and  enters  northwestern  Wyoming  near  the  southwest- 
ern corner  of  the  Yellowstone  National  Park.  Continuing  in  the  same 
direction,  the  Wind  River  Mountains  form  an  important  link  in  the 
great  chain.  At  their  southeastern  extremity  they  meet  the  Sweet- 
water Mountains,  a  comparatively  short  range,  trending  eastward.  The 
crest,  or  dividing  line,  there  turns  to  the  southeast  and  passes  over  an 
open  country  or  high  table-land  for  a  distance  of  15  to  100  miles;  it 
then  strikes  tlie  Sierra  Madre  Mountains,  the  uprthern  extension  of  the 
Park  Range  of  Colorado,  which  form  a  portion  of  the  Main  Range.  In 
North  and  Central  Wyoming,  the  Big  Horn,  the  Laramie  and  Medicine 
Bov/  Mountains  are  the  uiost  notable  adjacent  ranges. 

The  Colorado  system  commences  on  the  north  with  the  Park  Range, 
which  forms  the  western  boundary  of  North.  Pai  k.  At  the  southwestern 
angle  of  the  park  the  main  divide  turns  directly  eastward,  separating 
North  and  Middle  Parks,  and  is  joined  by  the  Medicine  Bow  Range  at  the 
northeast  corner  of  the  last-named  park.  The  Main  Range  tben  bears 
to  the  southeast  for  a  short  distance,  then  turns  southwestward  and 
continues  in  that  direction  until  it  crosses  the  Park  Range  a  few  miles 
north  of  Leadville.  Tbe  northern  extremity  of  the  Saguache  Rauge  is 
here  reached.  This  range  takes  a  course  a  little  east  of  south,  and  ter- 
minates about  40  miles  southeast  of  the  town  of  Gunnison,  in  south- 
w^estern  Colorado.  A  rauge  called  in  part  the  ^'  Cochetopa  Ilills,"  and 
running  in  a  southwesterly  direction,  connects  the  Saguache  with  the 
San  Juan  Mountains.  The  latter,  bearing  southeastward,  terminate  , 
near  the  southern  line  of  the  State. 

The  principal  secondary  range  in  Colorado  is  the  Park  Range,  which 
constitutes  the  western  boundaries  of  JSorth,  Middle,  and  South  Parks, 
and  is  crossed,  as  before  stated,  by  the  Continental  Divide.    Other  im- 
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portant  ranges  in  Colorado,  upon  the  eastern  water  shed,  are  the  Med- 
icine Bow  Ran ^c  at  the  north,  the  Pike's  Peak  Kan<?e  in  the  central 
section,  and  the  Sangre  de  C'lristo,  the  Culebra,  and  Raton  Mountains 
at  the  south.  Upon  the  western  slope  the  Elk  and  San  Miguel,  or  La 
Plata  Mountains,  are  the  most  prominent. 

Thus  far  and  until  near  the  southern  limit  of  Colorado,  the  Continen- 
tal Divide  has  consisted  almost  wholly  of  high  and  rugged  mountains. 
It  here  loses  that  character,  and  entering  New  Mexico  bears  south- 
westward  through  au  opeu'and  broken  country  interspersed  with  de- 
tached mountain  ranges. 

Keturning  to  the  northern  boundary  of  New  MexicQ,  to  a  point  some 
distance  east  of  the  central  portion,  it  is  found  that  the  Culebra  Range 
is  i)rolonged  southward  for  about  100  miles,  or  until  it  reaches  the 
neighborhood  of  Santa  F6.  There  the  bold  continuous  mountains  give 
way  to  lesser  ranges  scattered  at  intervals  throughout  the  Territory, 
but  usually  conforming  to  the  normal  trend  of  the  general  system.  In- 
cluding the  mountains  of  Utah  in  the  general  system,  the  Uintah  and 
Wahsatch  Mountains  are  to  be  mentioned  as  important  branches.  The 
former  are  especially  noticeable  on  account  of  their  exceptional  east- 
ward aud^westward  trend. 

CONFIGURATION. 

The  Rocky  Mountain  region  is  of  siich  great  extent  and  its  topog- 
raphy .so  extremely  varied,  that  au  adequate  description  of  it  would 
far  exceed  the  limits  of  this  report.  Its  leading  characteristics  only 
can  be  considered.  The  subject  may  be  conveniently  treated  under  the 
headings — Mountains,  Plains,  Plateaus,  Water-courses. 

Mountains. — The  mountains  of  this  region  are  generally  massive  and 
rugged.  In  their  midst  are  vast  solitudes,  snow-clad  peaks,  precipices, 
rapid  streams,  and  deep  canons.*  At  some  points,  however,  the  mount- 
ains rise  so  gradually  from  the  plains  at  their  base  that  the  traveler 
easily  ascends  and  passes  over  them,  hardly  realizing  that  he  is  crossing 

livides  which  separate  great  water  systems.  In  still  other  localities, 
lovi^ly  mountain  parks,  wooded  heights,  and  sheltered  valleys  beautify 
and  soften  the  harsher  features  of  the  landscape.  While  the  Main 
Range  pursues,  generally,  a  course  from  northwest  to  southeast,  the 
system  as  a  whole  is  much  involved.  The  comparatively  low  mountains 
and  minor  ranges  of  western  Montana,  and  the  more  rugged  mountains 
separating  Idaho  from  Montana  and  Wyoming,  culminate  in  the  mag- 

lificent  peaks  and  ranges  of  the  Yellowstone  Park  region.  Here  lofty 
mountains,  canons,  waterfalls,  geysers,  boiling  springs,  fantastic  rocks, 
and  other  of  nature's  strange  works  combine  to  make  this  region  the 
•'wonderland"  of  America.     In  the  near  distance,  at  the  southwest, 

*  Cifiou  or  caiijou  (Spaiiisl: — a  tuho  cr  lioliovv)  ;  .1  tkip  f^oiyo,  ravine,  or  gulch 
bctwLcii  high  and  steop  banks  worn  by  water-courses;  a  term  in  common  nso  in  the 
rnitoil  States  i.i  the  States  and  Territories  bordering  upon  Mexico.     (Fremont.) 
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the  " Three Tetons,"  prominent  snow-clad  peaks,  rise  above  the  surround- 
iu":  country. 

In  Wyoming  the  principal  range  follows  a  tortuous  line  from  the 
northwest  to  the  southeast.  Tliere  is  a  break  in  its  southern  extremity, 
and  other  ranges  flank  if  at  various  angles  npon  the  right  and  left, 
separated  from  each  other  and  from  the  Main  Range  by  high  plateaus, 
sandy  plains,  grazing  lauds,  and  fertile  valleys. 

In  Colorado  the  system  is  complex  in  the  extreme.  The  course  of  the 
Main  Kange  is  very  irregular  5  other  high  fidges  abut  upon  or  cross  it, 
and  detached  groups  appear  upon  either  hand.  Natural  jjarks  of  great 
magnitude,  surrounded  by  high  mountains  and  each  containing  the 
head  waters  of  an  important  river,  here  constitute  a  marked  and  agree- 
able feature.  The  mountains,  as  well  as  the  general  level,  are  higher 
here  than  elsewhere,  and  the  ranges  more  massive.  From  almost  any 
of  the  snowy  summits  scores  of  others  may  be  seen. 

The  Culebra  Range  of  northern  New  Mexico  is  a  continuation  of  the 
general  system,  and  is  similar  in  character  to  the  Colorado  Mountains. 
Many  of  the  mountains  in  Montana  have  smooth  slopes  and  rounded 
outlines.  In  other  parts  of  the  range  they  are  generally  rugged, 
many  having  serrated  crests  and  angular  peaks.  The  sides  are  often 
rocky  and  precipitous,  and  the  summits,  of  naked  rock,  extend  far  above 
the  limits  of  vegetable  life. 

The  "ground  plan"  of  this  mountain  system  is  so  irregular  and  of 
such  great  extent  that,  in  the  absence  of  surveys,  it  is  impossible  to 
determine  its  area  with  any  degree  of  certainty.  A  conservative  and 
approximate  estimate  would  give  it  a  length  of  1,500  miles  and  an  aver- 
age breadth  of  200,  or  a  total  aTea  of  300,000  square  miles. 

Although  the  general  course  of  the  system  is  in  one  direction,  the 
ranges,  spurs,  and  groups  lie  at  many  and  varying  angles,  and  present 
the  utmost  diversity  of  form  and  exposure. 

At  the  base  of  the  mountains,  on  the  east,  are  foothills  and  high 
mesas,*  and  these  merge  into  wide,  rolling  plains.  On  the  west  the. 
mountains  are  bounded  by  foot-hills,  mesas,  elevated  plateaus,  and 
wastes  of  sand  and  lava.  In  many  places  appear  water-courses,  canyons, 
and  valleys. 

Plains. — Second  only  in  importance  to  the  mountains  are  the  Great 
Plains,  which  bound  the  mountains  on  the  east  for  .'ilmost  their  entire 
length  and  extend  hundreds  of  miles  to  meet  the  prairies  of  the  Central 
Basin. 

The  western  border  of  this  region,  adjacent  to  the  range,  varies  in 
altitude  from  3,000  to  0,000  feet  above  the  sea,  the  greatest  elevations 
being  in  Wyoming,  Colorado,  and  northern  New  Mexico ;  thence  slop- 
ing to  the  north,  east,  and  south,  coincidently  \fith  the  direction  of  the 
principal  water-courses. 

•  Mesa  (Sp.)»  t^e  commou  uame  for  the  table  liiuds  (which  are  usually  quite  arid) 
in  central  and  western  North  America. 
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The  surface  of  the  Great  Plains  is  usually  gently  rolling,  but  in  some 
localities  buttes,*  headlands,  and  detached  inasKSOS  of  rock  vary  its 
otherwise  monotonous  aspect.  The  soil  is  generally  a  light  mold,  from 
10  to  15  inches  in  depth,  resting  on  a  bed  of  sand,  gravel,  and  bowlders. 
Ill  some  places  there  is  considerable  clay  mixed  with  the  surface  soil. 

In  their  natural  condition  the  plains,  mesas,  and  foot  hills  are  geu- 
(' rally  covered  with  a  short  but  succulent  grass.  Some  portions  pro- 
duce sage  brush,  among  which  nutritious  grasses  are  interspersed. 
In  other  parts  sage  brush  is  the  only  growth.  A  comparatively  small 
proportion  is  wholly  barren. 

Plateaus.— The  great  plateaus  upon  the  western  flank  of  the  mountain 
system  h-^ve  a  mean  elevation  of  about  7,000  feet  above  the  level  of  the 
sea.  They  extend  from  southern  Wyoming  through  western  Colorado 
and  eastern  Utah  into  Arizona  and  New  Mexico,  and  are  there  lost  in 
low  desert  jilains. 

By  faults  in  the  geologic  structure,  and  by  lines  of  cliffs  and  deep 
canyons,  the  various  plateaus  are  separated  one  from  another.  Their 
general  level  is  broken  by  mountains — single  and  in  groups — buttes 
and  towering  escarpments  of  rock.  Some  thirty  mountain  peaks,  rang- 
ing in  altitude  from  10,000  to  12,000  feet  above  the  sea,  have  here  been 
noted.  The  few  streams  of  the  region  find  their  way  through  canyons, 
the  walls  of  which  are  of  immense  height.  Aridity  is  the  prevailing 
condition,  and  vegetation  is  dwarfed  and  scanty. 

Watercourses. — That  the  main  crest  of  the  Rocky  Mountains  consti- 
tutes the  ''Continental  Divide"  or  line  separating  the  eastern  and  west- 
ern water  systems  is  known  to  all;  that  there  is  also  a  great  Transverse 
Divide,  forming  northern  and  southern  water  systems,  is  not  so  gener- 
ally understood.  Commencing  in  the  northwestern  part  of  Nebraska, 
the  divide  last  named  runs  westward  through  central  Wyoming  to  the 
southern  border  of  Yellowstone  Park ;  thence  southwestward  to  the 
northwestern  corner  of  Nevada. 

Hence  there  are  four  great  basins;  one  sloping  to  the  northeast, 
drained  by  the  waters  of  the  Upper  Missouri ;  one  at  the  northwest, 
drained  by  the  Columbia  River;  one  at  the  southwest,  which  is  double 
and  discharges  its  waters  into  the  Great  Salt  Lake  Basin  and  the  Colo- 
rado River;  and  one  at  the  southeast,  which  is  drained  by  the  Arkan- 
sas and  Rio  Grande  Rivers  and  their  affluents.  These  several  systems 
radiate  from  a  common  center,  and  have  their  sources  in  the  high  and 
-iiowy  mDuntains  of  Wyoming  and  Colorado.  The  fact,  however,  should 
lot  be  overlooked,  that  other  and  surrounding  parts  of  the  Rocky 
Mountaiii  region  largely  contribute  to  the  volume  of  water  in  the  prin- 
cipal streams. 

In  considering  further  the  several  systems  here  outlined,  it  appears 
that  at  the  northeast  the  South  Platte  rises  in  South  Park  and  the 


•  Butte  (Fr.,  pronounced  bute),  an  isolated  peak  or  elevation  of  land  in  the  central 
and  western  parts  of  North  America  (too  high  to  be  called  a  hill  or  ridge,  and  not 
high  cnongh  to  bo  called  a  mountain). — (Webster.) 


54 

North  Platte  in  North  Park,  Colorado,  the  two  rivers  flowing  eastward 
and  unitiug  iu  Nebraska. 

At  the  northwest  the  Big  Horn,  Yellowstone,  and  Upper  Missouri 
Rivers  rise  within  or  near  the  Yellowstone  Park,  and  find  outlet 
through  the  channel  of  the  Missouri.  Crossing  the  Continental  Divide 
westward,  it  is  found  that  Clark's  Fork  of  the  Columbia,  the  Salmon 
River,  and  Lewis  or  Snake  River,  also  rise  iu  the  same  region,  but,  as 
tribntarics  of  the  Columbia,  send  their  waters  to  the  Pacific  Ocean. 

In  the  southwest  the  principal  streams  flowing  into  the  lakes  of  the 
Great  Salt  Lake  Basin  are  the  Bear,  Weber,  and  Sevier.  The  Green 
River,  which  has  its  source  iu  the  Wind  River  Mountains,  Wyoming; 
the  Grand  River,  which  drains  Middle  Park,  Colorado,  and  the  San 
Juan  River,  which  rises  in  the  southern  part  of  the  same  State,  unite 
in  southern  Utah  and  form  the  Colorado  River  of  the  West. 

Tiie  Rio  Grande  and  Arkansas  Rivers  draiu  the  southeastern  portion 
of  the  Rocky  Mountain  region.  They  have  a  common  origin  in  the 
monntains  of  Colorado,  but  the  first  seeks  an  outlet  directly  in  the  Gulf 
of  Mexico,  while  the  latter,  at  a  point  some  800  miles  northeastward, 
unites  with  the  Mississippi  river. 

The  Rio  Grande,  Arkansas,  North  and  South  Platte,  and  their  main 
afllaeuts,  debouch  u[)onhigh  planes  which  slope  rapidly  to  the  sonth  and 
east;  and  while  the  most  of  these  streams  pass  through  deep  canyons 
in  emerging  from  the  mountains,  they  flow  with  a  rapid  current  (de- 
scending from  5  to  8  feet  to  the  mile)  in  shallow  channels.  Therefore 
it  is  not  diflicnlt  to  utilize  their  waters  for  irrigation  and  other  pur- 
poses. 

In  Montana  the  plaitis  have  much  less  elevation  than  in  the  region 
southward,  and  the  principal  streams,  the  Upper  Missonri  and  the  Yel- 
lowstone, following  a  long  and  devious  course  to  the  junction  of  the 
two,  have  a  gradual  descent  and  sluggish  flow  ;  hence  it  is  not  easy  to 
bring  their  waters  to  the  level  of  the  adjacent  country.  What  can  be 
done  there  by  a  sj^stem  of  reservoirs  which  will  save  the  flood  waters  of 
spring  and  early  summer,  is  a  question  for  the  future. 

In  Idaho,  upon  the  western  slope  of  the  range,  the  principal  streams 
flow  rapidly,  through  arable  valleys,  and  the  waters  can  be  easily  util- 
ized. 

Southward,  iu  western  Colorado,  the  streams,  in  descending  from  the 
mountains,  have  a  swift  current  and  pass  through  valleys  of  much  nat- 
ural fertility.  As  they  approach  the  plateau  region,  fartiier  south  and 
west,  some  of  them  enter  profound  canyons,  and  thus  are  lost  for  irri- 
gating purposes. 

ALTITUDES. 

The  altitudes  of  the  Rocky  Mountain  region,  inclusive  of  the  valleys, 
plains,  and  plateaus,  vary  from  GSO  feet  above  sea  level  at  Lewiston, 
Idaho,  to  an  extreme  height  of  14,400  feet  in  the  mountains  of  Colorado. 
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The  average  or  mean  elevation  of  the  several  political  divisions  is  given 
by  good  authorities  as  follows:  Montana,  3,000  feet;  Idaho,  4,700  feet; 
Wyoming,  6,000  feet;  Colorado,  7,000  teet;  New  Mexico,  5,600  feet. 

The  approximate  mean  elevation  of  the  Idaho  and  Montana  ranges 
is  8,000  feet;  of  the  Wyoming  ranges,  9,000  feet.  The  mean  height  of 
the  Colorado  and  New  Mexico  system,  south  to  the  latitude  of  Santa 
Fe,  is  about  10,500  feet. 

In  Montana  two  mountains  reach  an  elevation  of  8,355  and  10,629  feet 
respectively.  Eleven  i)eaks  iu  Idaho  range  in  height  from  9,100  to 
13,091  feet.  In  Wyoming  fifteen  of  the  pi  iucipal  peaks  range  iu  alti- 
tude from  9,273  to  13,790  feet.  The  best  known  and  named  peaks  of 
the  Colorado  system,  sixty-seven  in  number,  vary  iu  height  from  10,906 
to  11,464  feet.  Seventy-two  other  peaks  iu  the  same  State,  between 
13,500  and  14,300  feet  in  height,  are  unnamed.  Two  prominent  mount- 
ains in  New  Mexico  have  an  elevation,  one  of  11,200  feet  and  the  other 
of  12,202  feet;  while  Utah,>l)oasts  of  seventy-five  peaks  above  10,000 
and  fourteen  above  12,000  feet,  the  highest  being  Mount  Emmons,  with 
13,694  feet. 

Elevation  of  timier-line  on  some  of  the  mountains  tn  the  Rocky  Mountain  region.* 
\ 
[Taken  from  Dictionary  of  Altitndei},  U.  S.  Geological  Survey.] 


Mountain. 


COLORADO. 

Arapahoe  Peak 

Mount  Audubon 

Bald  Mountain 

Buffalo  Peak 

Mount  Byers 

Crest  one 

Cunningham  Pass 

Mount  Elbert 

Mount  En^elmann 

Mount  Evans 

Mount  Evans 

Gray's  Peak 

Grizzly  Peak 

MountGuvot 

Hamilton  iPaus 

Mount  Harvard 

James'  Peak 

La  Plata  Mountain 

Lillie's  Mountain 

Mount  Lincoln 


Timber- 
liue. 


Feet. 
11, 100 
11, 325 
11, 100 
12, 041 
11, 4'Xl 
12, 107 
11,  500 
11,871 
11.578 
11,  723 
11.300 
11, 100 
11,758 
11,811 
10,840 
12, 117 
11,100 
12, 080 
11,100 
12,051 


Mountain. 


COLOIIADO — continued. 

Lontj'.s  Peak . . . 

Massive  Mountain 

Park  View  Peak 

Pike's  Peak  

Mount  Powell 

Mount  Princeton 

Ued  Mouulaiu 

Mount  Kito  Alto 

Sierra  Blanca 

Mount  Sil  verlieels 

White  Rock  Mountain 


MONTANA. 


Mount  Blackraore. 

Mount  Uelaiio 

Electric  Peak 


Gilbert's  Peak 


Timber-"" 
line. 


Feet. 

n.ioo 

11,607 
11,  lOO 
11, 720 
11, 600 
11,500 
11, 746 
11, 817 
10,410 
11,549 
11, 019 


9,550 
8,784 
9,442 

11,100 


*Capt.  E.  L.  Berthond,  a  civil  engineer,  of  Golden,  Colo.,  and  a  good  authority,  referring  to  a  mount- 
ain range  about  8  miles  southwest  of  Georgetown,  Colo.,  says:  "  Across  the  narrow  valley  north  of 
McClellan  Mountain,  and  upon  another  high  peak,  the  limit  of  tree  growth  exceeds  12.4110  feet  eleva- 
tion on  the  south  slope  of  that  peak.  Hero  can  be  seen  IHnu*  arigtata,  some  of  the  trees  2  feet  iu 
diameter  and  30  feet  high,  that  retain  their  hold  and  slowly  increase  iu  size,  thus  maintaining  them- 
selves in  respectable  numbers  in  spite  of  furious  gales  of  snow  and  wind,  and  an  extreme  arctic  cold." 


SURROUNDINGS. 


The  "  Great  Plains"  lie  contiguous  to  and  eastward  of  the  Eocky 
Mountains,  but  how  far  to  the  east  they  extend — at  what  point  the 
'•plains"  (so  long  a  synonym  for  sterility)  end,  and  the  prairie,  or  fruit- 
ful country,  begins,  is  not  easily  determined.    It  is  safe  to  say,  how- 
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ever,  that  the  western  portions  of  Dakota,  Nebraska,  Kansas,  the  In- 
dian Territory,  and  Texas,  partake  of  the  semi-arid  condition  of  the 
region  of  the  plains  and  indeed  constitute  a  part  of  it,  and  have  iden- 
tical interests.  Their  grazing  and  farming  industries  are  conducted 
upon  principles  similar  to  those  which  govern  the  like  operations  of 
their  neighbors  westward,  and  dependence  upon  the  streams  flowing 
from  the  mountains  is  as  marked  in  one  instance  as  in  the  other. 

Oregon  and  Washington  lie  at  the  northwest.  They,  also,  in  their 
eastern  portions,  require  water  for  irrigation.  Their  great  river,  the 
Columbia,  is  kept  at  a  navigable  stage  by  the  large  tributary  streams 
which  flow  from  the  mountains. 

At  the  west  and  southwest,  the  contiguous  Territories  of  Utah  and 
Arizona  fall  within  the  Arid  Belt.  The  needs  of  their  increasing  pop- 
ulation and  rapidly  developing  iudustries  require  that  the  timber  and 
water  supplies- of  the  mountains  shall  be  maintained  in  perpetuity. 

CLIMATE. 

The  atmospheric  conditions  of  the  Rocky  Mountain  region,  as  affect- 
ing the  life  and  health  of  those  who  are  living  under  their  influence, 
have  been  a  subject  of  quite  general  interest,  and  thus  the  leading  char- 
acteristics of  the  region  in  this  respect  are  known  to  many. 

A  concise  statement  of  the  climatic  conditions  of  the  region  is  given 
in  the  official  report  for  1885  of  Hon.  Francis  E.  Warren,  governor  of 
Wyoming,  to  the  Secretary  of  the  Interior.  I  take  the  liberty  of  quot- 
ing as  follows: 

Were  it  uot  for  tlio  heat  of  the  tropical  regions,  which  is  distributed  over  the  con- 
tinent by  atmospheric  currents  as  well  as  by  the  thermal  ocean  and  Gulf  currents,  the 
high  elevations  of  the  Rocky  Mountain  regions  would  be  too  rigorously  cold  for  hab- 
itation. But  through  these  tempering  influences  they  are  not  only  habitable,  but 
delightful  and  healthfnl  portions  of  the  coniiucnt,  far  more  so  than  the  Atlantic  coast, 
or  the  great  river  valleys  which  approximate  the  sea-level  on  either  side  of  the  great 
continental  divide.  The  humid  tropical  winds  and  the  equatorial  warm  Japanese 
currents  of  the  North  Paci lie  Ocean — which  are  similar  to  the  Gulf  Stream  of  the 
Southern  Atlantic — reaching  the  western  and  southern  shores  of  the  continent,  iiro- 
duce  the  mild  and  even  temperature  of  these  coasts  and,  with  climatic  modifications, 
extend  to  the  elevated  Rocky  Mountain  regions  of  the  interior. 

These  modifications  are  mainly  produced  by  the  high  snow-capped  and  almost  un- 
broken mountain  ranges  of  the  western  coast — the  Cascade  and  the  Sierra  Nevada,  the 
latter  of  which  is  covered  with  dense  forests  to  an  elevation  of  some  8,000  feet,  while 
still  above  this  lies  perpetual  snow.  These,  to  some  degree,  are  barriers  against  the 
extension  of  the  warm  atmospheric  currents  of  the  ocean  over  the  interior  Rocky 
Mountain  elevations.  Hence,  as  these  mild  winds,  heated  by  the  tropical  ocean  cur- 
rents, sweep  over  the  snow-capped  mountain  ranges,  and  around  their  extremities, 
and  thus  pass  over  vast  .arid  regions  in  their  course  to  the  great  Rocky  Mountain  ele- 
vations, they  become  somewhat  tempered,  and  give  to  them  their  salubrious  climate. 
The  moisture  that  comes  upon  the  mountain  ranges,  in  the  way  of  rain,  during  tlio 
rainy  seasons  of  the  Pacific  coast,  is  slight  from  January  to  May. 

It  may  be  said  further,  that  the  superior  elevation  of  this  great  cen- 
tral plateau,  its  remoteness  from  the  sea  or  other  large  bodies  of  water, 
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10  comparative  absence  of  fogs  and  rain,  and  the  prevalence  of  sun- 
shine, have  conduced  to  render  the  atmosphere  of  this  rej,'ion  dry,  rare- 
led,  and  wonderfully  clear.     Through  its  medium  distant  objects  are 

[seen  with  surprising  distinctness.     Its  curative  properties  have  made 

[it  a  famous  resort  for  health  seekers  and  tourists. 

Again,  it  should  be  noted  that  the  climatic  conditions  of  different 
»arts  of  the  mountain  region,  though  having  common  characteristics, 
rary  in  degree  one  from  another.  The  great  extent  of  the  region,  its 
rarying  altitudes,  its  irregular  outlines  and  configuration,  combine  to 

produce  iu  the  various  sections  diverse  atmospheric  conditions.    Hence 

the  flora  of  the  country  is  varied,  and  in  connection  with  differing  soils 

the  productive  capacities  of  its  several  parts  vary  in  kind  and  degree. 
A  friend  notes  the  difference  between  the  climatic  and  forest  conditions 

of  the  eastern  and  those  of  the  western  slopes  of  the  Rocky  Mountains, 

as  follows: 

One  of  the  principal  effects  of  the  main  raonntain  range  is  to  canse  a  mncb  greater 
precipitation  of  moisture,  in  the  form  of  snow  or  rain,  upon  the  western  than  npon 
the  eastern  slope.  Within  such  areas  of  greater  precipitation  the  forest  growth  is 
denser  and  the  trees  larger  and  better  developed  than  npon  the  eastern  side.  The 
streams  are  larger,  the  water-flow  more  evenly  distributed  throughout  the  year,  vege- 
tation more  luxurious,  and  the  natural  pasture  of  native  grasses  is  maintained  until 
late  in  the  year  or  until  snow  falls.  Upon  the  eastern  side  there  is  greater  necessity 
for  a  rigorous  enforcement  of  the  laws  to  save  the  few  remaining  forests. 

The  following  communication, lately  received  from  Mr.  George  Corn- 
wall, of  Gunnison,  Colo.,  is  of  interest,  as  showing  the  comparatively 
humid  conditions  which  prevail  in  some  localities  upon  the  western 
slope  of  the  mountains  : 

I  scud  you  a  tabulated  statement  of  the  number  of  days  on  which  we  had  rain  or 
s!!ow  for  the  years  1882,  1883, 1884,  1885,  and  188(5  to  June  1,  This  statement  is  taken 
from  the  diary  kept  on  my  ranch,  in  the  valley  of  Ohio  Creek,  7  miles  north  of  Gun- 
nison, elevation  8,000  feet  above  sea  level.  The  rains  and  snows  come  mostly  in 
showers — very  few  all-day  or  all-night  storms.  We  are  not  in  a  stormy  belt.  Please 
remember  that  any  report  from  anj'  portion  of  Colorado,  except  the  plains,  is  a  local 
report,  and  another  report  of  no  more  than  5  or  10  miles  away  might  be  very  different. 

Cjistletou's  or  Baldwin's,  10  miles  higher  up  our  valley,  would  show,  I  think,  double 
the  amount  of  rain  or  snow  we  have  here,  and  still  higher  in  the  mountains  the 
a'uouut  of  rain  and  si.ow  would  again  be  doubled. 

The  climate  of  this  western  slope  is  moist.  The  prevailing  winds  are  from  the 
west,  starting  perhaps  from  the  Pacilic  Ocean,  and,  passing  over  a  vast  extent  of 
ciHintry,  when  thej'  reach  the  western  slope  of  the  Rocky  Mountains  they  precipitate 
tiieir  moisture.  Evaporation  at  our  elevation  is  of  course  rapid,  but  on  our  bottom- 
lands we  grow  all  vegetables  and  gniins  without  irrigation.  For  grasses  we  irrigate 
thoroughly.     Mesa  land  we  have  to   irrig.ate. 

The  preservation  of  timber  ,as  affecting  the  rain-fall  is  not  an  important  question 
witli  UH,     Wf  have  almpst  too  much  moLsture. 
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Tahle  Hhowing  the  iiinber  of  rain  and  snow  falls  at  a  point  near  Gunnison,  Colo.,  from 
August,  1882,  to  May,  1886,  inclusive. 


Month. 

1882. 

1883. 

18S4. 

1885. 

1886. 

Kain. 

Snow. 

Rain. 

Snow. 

Bain. 

Snow. 

Rain. 

Snow. 

Rain. 

Snow. 

7 
2 
6 

3 
2 

""2 
2 
11 

...... 

14 
2 

11 
6 

6 
0 

8 
7 
3 

5 

3 

15 

12 

5 

4 
4 
5 
4 

....„ 

12 

3 

3 

April 

2 

May 

4 
6 
14 
10 
12 
3 

8 

6 

•   1 

"I' 

5 

2 
4 

> 

1""""" 

The  following  table,  kindly  prepared  by  Sergeant  Hall,  the  officer  in 
charge  of  the  U.  S.  Signal  Service  station  at  the  summit  of  Pike's  Peak, 
shows  the  total  precipitation  and  relative  humidity  at  that  point  from 
the  year  1875  to  1885,  inclusive: 


Date. 

Total 
precipita- 
tion. 

Relative 
humid- 
ity. 

Date. 

Total 
precipita- 
tion. 

Relative 
humid- 
ity. 

1875    

Inches. 

24.  74 
23.  87 

25.  58 
42.99 
39.82 
40.65 

78.4 
67. 1 
68.7 
61.2 
49.4 
55.3 

1881 

hiches. 
44.49 
28.99 
18.17 
0.28 
30.48 

66  7 

1876    

1882           

78  4 

1877 

1883 

80.1 

1878 

1884 

77.4 

1879    

1885        

82.3 

1880         

Yearly  and  seasonal  averages  at  Denver,  Colo. 
[Compiled  from  .thirteen  years'  observations.] 


Season. 

3 

2 

a 

H 

is 
a 

3 

1. 

ll 
a 

i 

a 
> 

1 

a 

a 

1-1  to 

■? 

.3 

0  0  . 
t».S 

is. 
il2 

00 

"3 
ti 

a 

i 

tM 

a 

0 

0 
0    . 

0  sa 

a 

.a 

a 

s 

a 
a 

a 

B 

a 

(0 

a 

i 

d 
0 

0 

.2 

•d 

a 

1 

k 
■d 
a 

1 

Spri  n  s,  average 

Summer  average 

Autumn  average 

Winter  average 

47.2 
69.8 
49.6 
29.8 

77.9 
O.J.  9 
80.6 
62.2 

19.2 

47.1 

19.8 

—7.3 

I'eret. 
49.1 
44  9 
4.1.5 
54.3 

In. 

6.86 

4.91 

2.34 

1.84 

25 
26 
15 
15 

33 
37 
49 
44 

39 

42 
29 
36 

20 
13 
13 
10 

81 
89 
86 
84 

3.0 
2.4 
2.2 
2.1 

S.     7. 3 
S.  !  0.1 
S.  i  5.6 
S.  1  6.2 

Yearly  average . . 

40. 1  1  79.  2 

19.7 

48. 4  _ 

14.95 

81 

163 

146 

56 

340 

2.6 

S.  1  6.3 

Joseph  J.  Gilligan, 
Observer  Signal  Service,  U.  S.  Army. 
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Yearly  and  seasonal  averages  at  Santa  F4,  N.  Mex. 
(Conipilod  from  thirteen  years'  observation  of  tbe  U.  S.  Signal  Service.] 


Season. 


Spriiij:  average 46.9 

iiinitier  average 66.4 

AiitiMiin  average '  48.4 

Winter  average I  30.2 


Peret. 
36.3 

42.8 
46.4 
53.3 


Yearly  average 48.0 


44.7 


In. 
1.93 
7.56 
3  18 
1.90 


.=■» 


36.5 

2d.  3 
49.1 
41.8 


14.57     155.7 


a 


5  a 

a 


«.«    e 


a       «^ 


43.6 
50.3 
%.5 
34.4 


161.8 


11.9 
13.4 
8.4 
14.0 


47.7 


3.9 

4.5 
2.9 
3.5 


3.7 


SW. 
E. 

Var. 

N. 


as 

6.8 
6.3 
6.8 


7.1 


The  following  meteorological  data  are  from  observations  taken  at 
the  U.  S.  Signal  Service  station,  Santa  Fe,  K  Mex.  The  data  for  1881 
do  not  include  the  mouth  of  December  for  that  year.  During  the  years 
1883  and  1884  the  station  was  closed : 


I 


Year. 

1 
Mean  Ba-    Mean  tem- 
rometer.    i   perature. 

Mean  ha- 
midity. 

Direction 
of  wind. 

Raiu-fall. 

1872 

1873 

If74 

1875 

1876 

1877  

1878 

1879 

1880 

18.'^1 

1882 

1885 

23. 292 
23. 272 
23.211 
2.3.20!) 
23. 256 
2.3.  2fiC 
23.  251 
23.  29!) 
23.  269 
23.  2fi8 
23.  23^ 
23.297 

47.9 
48.6 
48.0 
48  0 
47.6 
47.6 
47.5 
50.2 
4.1.4 
49.7 
48.3 
47.7 

41.8 
37.0 
48.0 
42.0 
52.9 
43.3 
42.1 
39.8 
44.6 
51.9 
44.8 
53.4 

N. 

N. 

E. 
SW. 

E. 

E. 

N. 

E. 

SW. 
SW. 

E. 

N. 

9.89 
9.73 
19.83 
18.79 
15.07 
13.15 
19.55 
11.44 
9.89 
21.75 
10.37 
14.89 

For  the  subjoined  tables  I  am  indebted  to  tbe  courtesy  of  General  A. 
W.  Greely,  Chief  Signal  Officer,  U.  S.  Army. 

Annual  and  mean  annual  tcnn)ei-aiurc  {in  degrees  Fahrenheit)  at  stations  of  the  Signal 

Strvice,  U.  S.  Army. 


Stations. 

1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

1883. 

1884. 

S 

S25 

a 
a 
a 
a 
a 

a 

a 
e 

Xorthern  Plateau : 

Bois6  City.  I.tiiho 

.... 

52.4 

51.4 

48.9 
49.5 

io.'a 

43.0 

50.0 
51.1 

'4X6 
45.3 
43.8 

48.6 
51.6 

42.7 
44.8 
45.2 
43.8 

(') 
50.3 

39  2 

43.0 

(') 

42.7 

39.5 

40.6 

40.5 

42.4 

48.8 
18.7 
49.6 

(') 

50.0 
49.4 

39.1 
41.5 
40.9 
40.2 
38.1 
39.8 
40. 5 
42.6 

49.5 

18.  :< 

4a  7 
(') 

6 

5 

3 
8 

4 
4 

4 
4 

12 

12 
11 
2 

0 

50.2 
50  4 

Xortheni  Slopo : 

Aiwhiniboinp,  Ft.  Mont 
B(>nton,  Fort,  Mout 

■42.*^ 

43.3 

I'i'i 

('V 

(»)■" 

>■)■ 

■(»)'■ 

40.3 
42.6 
43  6 

42!  6 

Xla^iunix.  Fort.  Mont.. 

38.8 

Sliaw.  Fort,  Moot 

42.1 

(') 

45.8 

ao.f, 

20.7 
(') 

42.5 
42.9 
43.9 

50.3 
18.8 

4a  3 

41.2 

Dejid wood.  Dak 

Cheyi'iiiic,  Wyo 

Middle  Slope: 

Dt-nver,  Cido 

Pikes  IVak.  Colo 

Wost  Las  AniinaR,Ccilo 
Soutlu'in  Plat«;au: 

SaatoF6,  N.  Mex 

... 
4i.'8 

4**.! 
48.6 

'45.'.^ 

49.8 
18  9 

4e.O 

42."  5 

48.6 
18. 'i 

lao 

44.*3 

49.  S 
19.0 

47.  S 

'44.*2 

48.8 
18.4 

47.6 

'44.'2 

49.5 
19.4 

47.5 

'46.5 

50.8 
21.9 

50.2 

40.8 
42.9 

47.4 
17.9 

45.4 

41.2 
44.1 

49.3 
19  1 
49.2 

47.0 

'Record  incomplete. 


*Ko  record. 
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Annual  and  mean  annual  preeipitalioH  at  stations  of  the  Signal  Service,  U.  S.  Army,  com- 
piled from  the  commencement  of  observations  to  1884,  inclusive. 


Stations. 

Established. 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

Northern  Plateau: 
lioi.se  City,  Idaho. 

Jnly  1,1877 
Jnly  1,1879 

Oct.   6,1879 

Oct.  11, 1879 

Dec.  5,1878 
Oct.  15, 1879 

July  14, 1882 

May    1,1882 
April  1, 1880 
Nov.  1,  lb70 

Nov.  19, 1871 
Nov.   1,1873 

Oct.    1, 1881 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 
10.  21 

Lewii^toii,  Idaho 

Northern  Slope: 
As-sinniboiue  Fort, 
Mont 

Bentou,      Fort 
Mout 

12.32 

11. 95 

10.45 

12.75 

(') 

(') 

(') 

Custer,      Fort 
Mont 

Helena,  Mont... 

Masinnis,   Fort, 
Mont 

Poplar  River, 
Mon  t 

Shaw,Fort,Mont. 

Cheyenne,  Wyo. 
Middle  Slope: 

Denver.  Colo 

Pike's  Peak,  Colo. 

9.23 

13.48 
18.05 

10.01 
11.81 

9.71 

13. 4C 

26.86 

k     

12.10 

17.25 
21.74 

5.03 

20.12 
23.87 

11.71 

10.38 
25.58 

12.64 

15.51 

42.87 

West  La.s    Ani- 
mas, Colo 

T" 

Station.s. 

Established. 

1879. 

1880. 

1881. 

1882. 

Inches. 
14.43 
14.74 

12.70 

10.18 

12.05 
10.32 

1883. 

1884. 

Mean  antiiial. 

Years. 

Inches. 

Nortlicrn  Plateau: 
Boi.ifi  City, Idaho. 
Lewistou,  Idalio. 

Northern  Slope: 
Aa.s  inniboiue. 

July   1,1877 
July  1,1879 

Oct.    6,1879 

Oct.  11,  1879 

Dec.   5,1878 
Oct   15,1879 

July  14,  1882 

May  1,1882 
April  1,1880 
Nov.  1,1870 

Nov.lP,  1871 
Nov.  1,1873 

Oct    1,1881 

Indies. 
17.63 

Inches. 
10.66 
17.41 

Inches. 
13. 56 
20.  56 

Inches. 
(') 
15.  S3 

15.10 

13.01 

13. 84 
(') 

13.29 

0.22 
12.04 
19.24 

19.49 

18.17 

11.12 

Inches. 
21.05 
21.71 

25.67 
(') 

16.60 
19.18 

9.00 

10.25 
13.64 
15.54 

15.07 
9.28 

15.70 

6 
5 

3 

7 

5 
3 

2 

2 
4 
14 

13 
11 

2 

14.59 
18.05 

17.84 

Benton,    Fort, 

(•) 

19.65 

16.81 

11.  8S 
19.94 

12.50 

Custer,     Fort, 

14.80 

IlL"lena,Mont... 

Masinnis,  Fort, 

Mont 

16.48 
11.14 

Poplar   River, 
Mont 

8.24 

Shaw,Fort,Mont. 

14.77 
11.88 

12.78 
44.57 

14.21 
8.64 

14.49 

28.82 

13.82 

Cheyenne,  Wyo. 
Middle  Slope : 

Denver,  Colo 

Pikes  Peak, Colo. 
West  Las  Ani- 
mas, Colo 

7.34 

10.86 
39.82 

8.38 

9.58 
40.65 

11.07 

14.99 
29.57 

13.41 

Record  incomplete. 


AGRICUIjTURAIi  CONDITIONS. 

A  well-known  writer  speaks  of  the  agricultural  resources  of  the 
Rocky  Mountain  region  as  follows; 

Generally  speaking,  those  best  acquainted  with  the  AVcst  make  the  largest  esti- 
mates of  its  resources  and  have  the  most  faith  in  its  future.  Laud,  on  iirst  sight,  of- 
ten appears  worthless,  which  experiment  afterwards  proves  to  he  fertile.  I  instjfnce 
the  "Great  Columbia  Plains"  of  eastern  Washington,  where  the  soil,  which  varies 
from  1  foot  to  20  in  depth,  is,  except  in  the  bottom-lands,  a  very  light-colored  loam, 
containing  an  unusually  large  percentage  of  alkalies  and  fixed  acids.  •  A  few  years 
ago  sowing  wheat  on  the  soil  woiil  d  have  been  deemed  throwing  it  away;  but  the 
experiroent  resulted  in  a  revelation,  viz,  that  these  14,000,000  acres  of  peculiar  soil 
are  probably  the  best  wheat  fields  in  all  the  world.  Other  illu.strations equally  strik- 
ing might  be  given.     »     »     «    » 
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The  arable  lands  of  the  Rocky  Mountains  are  mainly  in  the  valleys,  which,  like 
basins,  have  gathered  the  detritus  of  the  mountains  for  ages.  The  soil  is  therefore 
very  deep  and  fertile,  yielding  much  more  than  the  same  area  in  the  East ;  and  in  the 
southwest  two  crops  a  year  from  the  same  soil  are  very  common,  so  that  this  land 
is  eiiual  to  twice  or  three  times  the  same  area  in  the  East. 

Another  writes: 

Nothing  is  more  surprising  than  the  material  for  supporting  a  population  which 
coutiuues  to  be  developed  in  all  this  region  of  mountain  and  plain,  which  twenty 
years  ago  was  considered  an  inhospitable  desert,  capable  of  supporting  nothing  but 
Indians. 

The  State  of  Colorado,  and  the  Territories  of  New  Mexico,  Wyoming, 
Montana,  and  Idaho,  have  collectively  an  area  of  553,054  square  miles, 
which  is  more  than  three  times  the  area  of  the  Middle  and  New  Eng- 
land States. 

The  extraordinary  raining  development  of  this  region  and  its  immense 
grazing  resources  are  widely  known  and  appreciated,  but  its  agricult- 
ural possibilities  are,  as  yet,  but  little  known  to  the  general  i)ublic. 
In.some  localities  in  the  mountains,  farming  operations  are  carried  on 
to  a  limited  extent  without  the  aid  of  irrigation,  but  such  instances  are 
exceptions  to  the  general  rule.  For  tlie  growing  of  crops  recourse  must 
usually  be  had  to  artificial  water-supply.  The  extensive  irrigation 
systems,  full^^  inaugurated  in  Colorado,  and  partially  so  in  the  adjacent 
territories,  have  already  reclaimed  for  agricultural  uses  millions  of 
acres  once  deemed  barren  and  worthless.  The  only  limit  to  progress 
in  that  direction  will  be  the  amount  of  available  water.  Could  the 
sources  of  water  supply  be  adequately  protected,  and  storage  reservoirs 
constructed  in  suitable  places,  thousands  of  square  miles  in  this  region 
could  be  gained  to  agriculture,  homes  provided  for  multitudes  of  people 
and  the  aggregate  wealth  of  the  country  greatly  enhanced.  The  capac- 
ity of  the  land  to  produce  crops  and  the  fitness  of  the  seasons  to  mature 
them  are  no  longer  unsettled  questions. 

Note. — More  particular  statements  in  regard  to  irrigation,  as  practiced  in  the  Rocky 
Mountain  region,  are  given  in  the  descriptions  of  the  several  divisions  as  they 
occur  in  this  report.  The  following  summary  will  bring  the  whole  matter  into  view 
at  one  glance,  and  on  that  account  it  has  been  inserted  here.  It  will  be  understood 
of  course  that  minute  accuracy  in  such  a  case  is  impossible.  Approximate  estimates 
only  can  be  made.     But  it  is  believed  that  the  estimates  are  in  no  case  exaggerated. 

Colorado  has  from  9j0  to  1,000  miles  of  main  irrigating  canals,  3,500  miles  of  second 
class  canals,  and  40,000  miles  of  ditches,  constructed  at  a  cost  of  $11,000,000.  More 
than  1,000,000  acres  of  otherwise  useless  land  have  thus  been  brought  under  successful 
and  profitable  cultivation. 

Wyoming,  in  1884,  had  seventeen  incorporated  irrigation  companies,  chiefly  in  two 
ounties.  One  of  these  had  under  its  control  60,000  acres  of  land,  and  has  constructed 
a  canal  G6  miles  in  length.  Another  company  has  begun  the  construction  of  a  canal 
calculated  to  irrigate  '270,000  acres. 

Utah,  in  1835,  had  2,810  miles  of  main  and  7,750  miles  of  tributary  canals,  and 
G5«).000  acres  under  cultivation  by  this  means. 

New  Mexico  is  estimated  to  have  irrigating  canals  and  ditches  equal  in  extent  to 
those  of  Utah.  Two  canals  are  now  projected  capable  together  of  watering  from 
3,000,000  to  4,000,000  acres. 
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In  Iil.'vlio  there  are  sixty-five  laud  and  water  compauies  reported  and  there  are  many 
hundred  niilc's  of  canals  and  ditcbos,  but  particulars  are  not  published. 

In  Montana  there  is  a  considerable  but  indefinite  amount  of  irrij^ation  by  means  of 
the  smaller  mountain  striiams.  One  coint^any  in  Yellowstone  County  has  constructed 
a  main  canal  40  miles  loiijj  and  ditches  capable  of  irrigating  09,000  acres,  and  an- 
other  has  a  main  canal  75  miles  In  length. 

The  intimate  relation  of  the  forests  to  the  water  supply  necessary  for  irrigation 
will  soon  force  itself  upon  the  consideration  of  those  living  in  the  Rocky  Mountain 
region,  and  it  is  well  set  forth  in  a  recent  statement  of  Mr.  Nettleton,  State  engineer 
of  Colorado,  who  says: 

"It  is  estimated  that  GO  inches  of  water  fall  annually  on  the  eastern  slope  of  the 
Rocky  Mountains  in  the  form  of  snow  and  rain;  80  per  cent,  of  this  falls  during 
the  winter  and  spring  mouths.  That  which  falls  Hte  in  the  autumn  and  early  iu 
winter  is  most  available  for  irrigation,  as  it  becomes  solid, 'almost  like  ice,  and  melts 
slowly  under  the  summer's  sun,  affording  a  steady  flow  through  the  irrigating  season. 
Snows  falling  in  late  spring  melt  rapidly,  and  the  waters  run  down  the  rivers  unused. 
Although  about  fifty  mountain  peaks  in  Colorado  reach  an  elevation  of  over  14,000 
feet,  yet  the  snow  nearly  all  disappears  every  season,  small  quantities  only  remaining 
in  small  patches  hero  and  there.  On  this  account  there  are  at  present  no  glaciei-sin 
the  Rocky  Monntains,  The  cold  mountains  condense  the  moisture  iu  the  country  ad- 
jacent, thereby  robbing  the  plains  of  their  quota  of  moisture. 

"  Hence  the  necessity  for  irrigation.  It  is  quite  easy  to  foretell  the  probable 
amount  of  water  for  irrigation  purposes  for  the  coming  season  by  watching  the 
amount  of  snow-fall  iu  the  mountains. 

"  Farmers  living  from  20  to  3)  miles  from  the  mountains,  or  where  they  can  watch 
the  snow-fall  on  the  main  range  of  the  mountains,  have  learned  to  gauge  their  crops 
by  the  time  the  snow  falls  and  the  quantity.  If  the  snow  falls  early,  they  expect 
water  for  late  crops.  If  the  snow  falls  i)rincipally  iu  the  spring  months,  they  fear 
short  water  in  summer  and  fall,  and  plant  or  sow  accordingly. 

"There  can  be  no  doubt  about  the  influence  that  cutting  or  burning  the  timber  on 
the  mountains  has  on  the  flow  of  our  streams.  They  will  on  this  account  become 
more  intermittent  in  their  flow,  which  is  a  drawback  to  the  irrigation  interests  of  the 
State.    The  preservation  of  the  mountain  forests  should  be  encouraged." 

INDUSTRIES. 

AGKICULTUEE. 

Agriculture  is  making  rai>id  progress  iu  this  region,  and  is  likely  to 
have  greater  proportionate  development  than,  other  industries.  Utah 
was  the  first  of  the  mountain  Territories  to  show  adequately  what  could 
be  done  in  the  way  of  systematic  farming,  and  the  first  to  adopt  proper 
methods  of  irrigation.  Her  examjile  has  been  extensively^  followed, 
whenever  practicable,  throughout  the  region  of  the  mountain  and  the 
plains.  During  the  last  year  or  two  western  Kansas  and  Nebraska 
and  eastern  Colorado  have  received  large  accessions  of  settlers  who 
have  opened  new  farms  and  grown  crops  without  the  aid  of  irrigation. 

Except  upon  the  plains,  broad  areas  adapted  to  a  single  crop  are  not 
found.  Great  diversity  of  production  exists  by  reason  of  differ«.nces  in 
soil,  elevation,  and  climate.  Colorado  Springs,  the  home  of  the  writer, 
lias  an  elevation  of  6,000  feet  above  the  sea.  The  spring  seasons  of  the 
year  are  backward,  and  early  vegetables,  small  fruits,  and  other  sup- 
l)lies  of  a  like  nature  are  obtained  in  part  from  the  warm  valleys  only 
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a  few  miles  distant  but  1,500  or  2,000  feet  lower  in  altitude.  As  the 
season  advances  nearly  the  same  products  are  grown  at  higber  eleva- 
tions. Upon  the  farms  of  this  region  are  raised  wheat,  oats,  alfalfa, 
timothy,  red  and  white  clover,  and  other  grains  and  grasses.  In  the 
orchards  and  gardens  are  found  the  hardier  and  smaller  fruits,  includ- 
ing many  varieties  of  grapes.  At  elevations  1,000  or  2,000  feet  higher 
in  the  mountain  parks  and  valleys,  or  upon  the  Arkansas-Platte  Divide, 
oats,  rye,  barley,  buckwheat,  potatoes,  turnips,  timothy,  and  other 
grasses,  tame  and  native,  are  successfully  cultivated  ;  usually  without 
the  aid  of  irrigation.  The  foregoing  is  only  an  illustration  of  what  is 
being  done  in  many  parts  of  the  mountain  region. 

MENIING. 

The  yield  of  precious  metals  for  the  year  1880  is  officially  reported  as 
follows : 


state  or  Territory. 

Gold. 

Silver. 

$1, 800,  000 

4, 425,  000 

4,  450,  000 

216,  000 

400,  000 

(*) 

$3,  600, 000 

12,400  000 

16,000,000 

Utah 

6,  500, 000 

2,  300, 000 

Wyomius 

(*) 

11,291,000 

40, 800,  OOO 

Percentage  of  total  product  in  Uuitod  States 

32.4 

79.5 

*  N»  report 

The  coi)per  product  of  the  Rocky  Mountain  region  is  given  in  pounds 
as  follows  by  Mr.  KirchhoflF,  jr.,  in  the  report  of  the  mining  statistics 
compiled  by  Mr.  D.T.  Day,  of  the  U.  S.  Geological  Survey : 


state  or  Territory. 

1882. 

1883. 

188  J. 

1885. 

1880. 

46,  C07 
43,  093, 054 

40,  381 
67, 797,  864 

If  outaoa 

Wyoming 

9,  058, 284 
100,000 

1,491,000 
005,  880 
809,  498 

24,  C64,  346 

962, 408 

1,  152,  052 

341,  885 

823,511 

57,611,621 

Colora<lo 

Utah 

2,  013. 125 

205,  526 

59,  450 

1, 146,  4G0 
120,  199 
79,839 

409, 306 
500, 000 
558,385 

New  Mexico 

ToUvl 

12,127,662 

27,  944, 862 

45,  477, 822 

69, 190, 743 

*69,  079,  312 

Total  of  Unitotl  States 

90,  646, 232 
13.3 

115,  526, 053 
24.2 

144,  94G,  000 
31.3 

165,875,000 

156,  735, 000 

Percentage  from  Rocky  Moontain 
region 

41.7 

44 

I  *  The  decrease  of  production  iu  1886  was  due  partly  to  labor  troubles  and  partly  to  unfavorable 

BarLet  conditions. 

The  lead  product  in  1880  for  the  region  may  be  estimated  as  follows: 


I 


Short  tons. 

Utali 20,000 

Colorado 59,000 

Idaho 16,000 


Total 95,  COO 

about  75  per  cent,  of  the  total  lead  product  uf  the  United  States. 
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Coal. — Statistics  relating  to  the  procUiction  of  coal  will  be  found  iu 
another  part  of  this  report. 

STOCK-GROWING. 

This  industry  has  been  not  oidy  a  very  important  but  a  very  profitable 
one.  During  the  last  year  or  two,  owing  to  a  variety  of  causes — mis- 
management being  a  principal  one — the  leading  branch  of  the  business, 
cattle  raising,  has  not  yielded  much  profit.  The  "range"  system  of 
raising  cattle  and  horses,  with  its  attendant  cruelties  and  losses,  is 
gradually  giving  way  to  more  humane  and  thrifty  methods.  Improved 
breeds  are  being  introduced,  and  no  doubt  in  the  near  future  the  busi- 
ness will  be  i)laced  upon  a  much  better  footing  than  heretofore.  In  fact, 
the  immense  grazing  resources  of  the  region  are  likely  to  be  more  fully 
utilized  in  the  future  than  in  the  i)ast. 

The  estimated  number  of  cattle  iu  the  Kocky  Mountain  region  at  the 
beginning  of  the  present  year(1887)  was  4,919,113,  and  the  value  of  the 
same  $104,981,007. 

WOOL-GROWING. 

This  is  a  branch  of  the  live  stock  industry  which  should  not  be  over- 
looked. In  Colorado  and  New  Mexico  it  has  long  occupied  a  promi- 
nent place,  and  it  is  gradually  gaining  ground  iu  the  surrounding 
Territories.  Growing  the^muttou  breeds  of  sheep  is  also  receiving  at- 
tention. 

The  number  of  sheep  in  the  region  now  under  review  was  estimated 
to  be,  on  the  Istof  January,  1887,  7,353,320,  and  their  value  $12,477,725. 

MANUFACTURES. 

Some  of  the  leading  manufactures  are  those  connected  with  the  min- 
ing industry,  such  as  the  reduction  of  ores,  manufacture  of  coke,  char, 
coal,  machinery,  and  castings.  Iron  furnaces,  steel  and  nail  works^ 
rolling  mills,  foundries,  etc.,  are  mainly  centered  at  Denver  and  Pueblo. 

The  following  is  the  product  of  the  works  of  the  Colorado  Coal  and 
Iron  Company,  at  Pueblo,  for  the  year  1880  : 

Tons. 

Coal 615,300 

Coko 112,200 

Pig-iron  (five  months'  rim  only) 9,323 

Spiegelcisen 982 

Steel  rails  (four  rnoulba  only) 5,872 

Merchant  bar  iron  .' 4,240 

Castings  (for  their  own  use  only) t)21 

Cast-iron  pipe 935 

Nails,  kegs  of  100  pounds  each 53,250 

Track  spikes,  kegs  of  150  pounds  each 3, 370 

Smelting  and  reduction  works  are  iu  operation  in  all  of  the  principal 
mining  districts.  The  many  minor  manufactures  and  productions  of 
this  country  can  not  here  be  described.    When  one  considers  the  ex- 
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tensive  water-power  aflforded  by  the  mountain  streams,  the  inexhaustible 
coal  measures,  and  the  amount  and  variety  of  raw  material  at  hand,  it 
seems  more  than  probable  that  the  manufactures  of  the  region  will  rap- 
idly increase  in  number  and  importance.  In  view  of  the  great  produc- 
tion of  wool  here,  it  is  diflQcult  to  understand  why  cloth  and  woolen  fac- 
tories have  not  already  been  established. 

STONE  AND  MARBLE. 

Extensive  and  vahiable  stone  quarries  have  been  •  developed  and 
worked  wherever  building  operations  have  created  a  demand  for  stone. 
The  existence  of  many  elegant  and  substantial  public  buildings,  busi- 
ness blocks  and  residences,  constructed  of  this  material,  attest  the  extent 
and  value  of  this  industry.  Fine  marble  quarries  of  great  extent  have 
also  been  discovered  at  various  points,  and  are  receiving  due  attention 
and  development/ 

POPUIiATION  AND  VALUES. 

An  estimate,  based  mainly  upon  official  reports,  of  the  present  popu- 
lation of  Colorado  and  the  Territories  under  consideration  is,  in  round 
numbers,  as  follows : 

Idaho,  97,250 ;  Montana,  130,000 ;  Wyoming,  85,000 ;  Colorado,  250,- 
000 ;  New  Mexico,  148,000 ;  Utah,  196,600 ;  total,  906,850.  The  prin- 
cipal towns  and  their  population  are  as  follows : 

Idaho.— Boise  City,  3,000;  Hailey,  2,500;  Ketchum,  2,000;  Paris, 
1,000. 

jl/ontona.— Helena,  10,000 ;  Butte  City,  15,000;  Missoula,  2,500 ;  Boze- 

man,  2,500;  Fort  Benton,  Billings,  and  Miles  City,  about  1,500  each. 

Wyoming. — Cheyenne,  7,700;  Laramie,  5,100 ;  Rawlins,  1,500;  Evans- 
ton,  1,800;  Rock  Springs,  1,200;  Douglas,  1,200;  Carbon,  1,000. 

Colorado.— Denver,  62,000;  Pueblo,  12,500;  Lead ville,  11,000;  Col- 
orado Springs,  5,800. 

New  Mexico. — Santa  Fe,  7,000;  Albuquerque,  10,000. 

Cfrt/i.— Salt  Lake  City,  20,768. 

The  following  are  the  assessed  valuations  for  the  year  1887  of  real 
and  personal  property,  exclusive  of  mines  : 

Iilabo $20,741,192.00 

Montana 60,200,000.00 

Wyoming 32,089,613.00 

Colorado 136,322,313.00 

liew  Mexico 63,000,000.00 

Utah : 35,865,000.00 

More  detailed  statements  can  be  given  as  follows: 

Note. — For  the  purpose  of  comparison,  the  estimates  of  the  numhers  and  vahie  of 
Tin  animals,  January  1,  1887,  made  by  the  Statistician  of  the  Department  of  Agri- 
■  Itnre,  arc  appwndnd  to  the  assessed  valuations, 
24738 -Bull  2 5 


66 


Aaaeaaed  valuation  of  the  Territory  of  Idaho  for  the  year  1887. 


Description  of  property. 


Territorial 
estimate. 


Namber. 


Estimate  of  Depart- 
meut  of  Agriculture. 


Number.      Valae. 


Hoises 

Mules 

Cattle 

Swine 

Grain  (bushels)  .. 

Hair  (tons) 

Railroads  (miles) . 


132,922 


442, 363 

60,411 

2,  374,  325 

342, 914 

900 


48,750 

2,436 

339, 453 

28,100 


$2, 681, 250 

210,714 

7, 298,  240 

147, 525 


Total  taxable  property,  $20,741,192. 

Assessed  valuation  of  the  Territory  of  Montana  for  the  year  1886. 


Description  of  property. 


Acres  of  land  and  improvements 

Town  lots  and  improvements 

Horses 

Mules  and  asses 

Sheep. 

Cattle 

Swine 

Wagons  and  carriages 

"Watches  and  cloclcs 

Pieces  of  jewelry  and  plate 

Musical  instruments 

Shares  of  stock 

Merchandise 

Capital  and  manufactures 

Moneys  and  credits 

Household  furniture 

All  other  property 


Total. 


Territorial  estimate. 


Number. 


4, 11. "5,457 

33, 954 

127,  748 

2,121 

968, 298 

663,  716 

18,837 

10,406 

3,619 

299 

1,123 


Value. 


997, 
333, 
116, 
952, 
34'/, 
75, 
493, 
90, 
54, 
103, 
288, 
493, 
296. 
660, 
13.5, 
737, 


Estimate  of  Department 
of  Agricv 


Departm< 
culture. 


55, 076,  871 


Number. 


129, 203 

9,229 

754,  681 

812,  784 

20, 263 


Value. 


$6, 535,  088 

662, 181 

1,  762, 197 

18,775,310 
119, 168 


Assessed  valuation  of  the  Territory  of  Wyoming  for  the  year  1887. 


Description  of  property. 


Horses 

Mules 

Cattle 

Sheep  

Swine 

Bailroads  (miles) 

Capital  in  manufactures  and  trade. 


Territorial  estimate. 


Number.        Value, 


66,658 

2,590 

753, 648 

421,  688 

1,144 

670 


$2, 310,  712 
118,  300 

10, 186,  360 

637, 433 

6,010 


1,  502,  700 


Estimate  of  Department 
of  Agriculture. 


Namber. 


82,500 

2,850 

1, 255. 298 

534, 020 

2,750 


Value. 


$3, 678,  675 

198,  887 

28,  815,  365 

1,  047,  480 

17,  596 


Total  aasessment,  $32,089,613. 
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Assessed  valuation  of  the  Slate  of  Colorado  for  the  year  1836. 


Description  of  property. 


State  eatiniate. 


Acres  of  land  witb  improvements  . 

Miles  of  railroad 

Average  of  merchandise 

Capital  in  manufactures 

Town  and  city  lota 

Horses 

Mulos 

Caltle 

Sheep 

Swine 

Asses  

Goats , 

AH  other  animals 

Musical  instruments 

("locks  and  watches 

Jewelry  and  plate 

Money  and  credits' 

Carriages  and  vehicles 

Household  propeity  

Bank  and  other  shares 

All  other  property : 


Total  valaation . 


Number. 


4.  534. 938 
2, 969. 03 


124,  032 

6,247 

845, 038 

777, 494 

22,260 

2,230 

10,713 

3,  421 


Value. 


211, 

508, 

087, 

475, 

779, 

663, 

385, 

425, 

832, 

67, 

28, 

10, 

26, 

339, 

200, 

56, 

689, 

900. 

510. 

209, 

801, 


124,  269,  710. 00 


Estimate  of   Depart- 
ment of  Agriculture. 


Number. 


123,  770 

8,165 

1, 070, 768 

1, 149, 178 

21,290 


Value. 


$7,178,918 
085, 224 

23,  768, 479 

1, 815, 579 

146, 424 


To  thia  may  be  added  the  mineral  production,  which  is  not  taxable,  as  follows: 

Gold K  447, 077 

Silver 14,083,190 

Copper 43,507 

Lead 5,143,566 

Total. 23,717,340 


More  recent  returns  give   the  total  assessed  valuation  of  Colorado  for  1887,  as 
»136,322,313.36. 
The  changes  from  1886  are  mainly  in  the  following  items: 


Description  of  property. 

Number. 

Value. 

3.650 

148, 027 

7,560 

1,500,000 

1,  422,  900 

63, 332 

$28, 988, 300 

5,  042, 480 

544,  865 

Mules 

Cattle 

22,  500, 000 
3,311  6.52 

Sheep 

206,  292 
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Assessed  valuation  of  the  Territory  of  New  Mexico  for  the  year  1887. 


• 

Description  of  property. 

Territorial  estimate. 

Estimate  of   Depart- 
ment of  Agricu't.ure.  J 

' 

Number. 

Value. 

Number. 

Value.  \ 

20, 786 

10, 912 

1,  220, 968 

4, 025,  742 

20,  990 

$745, 944 
5"'0  "iOl 

Cattle 

Sheep 

916, 287 
1,702,287 

$11,003,280 

21, 824, 801 

5,  958,  098 

131  555 

Swine , 

Coal  (tons) 

384, 762 
1,050 

Kailroads  (miles)  

i 

Total  assessment,  $63,000,000. 


Assessed  valuation  of  the  Territory  of  Utah  for  the  year  1887. 


Description  of  property. 


Horses 

Mules 

Cattle 

Sheep  

Swine 

Kailroads  (miles) . 


Territorial  estimate.    p^^^'^ft^^'itFuS.'"'"* 


Number.       Value 


250, 000 


500,  000 

2,  400,  000 

100,  000 

1,141 


$10,  000,  000 


11,500,000 

7,  000,  000 

500,  000 


Number. 


56, 136 

3,597 

219,  842 

658, 285 

28, 656 


Value. 


$2, 466, 490 

215, 082 

4,498,871 

1,  343,  692 

237,  052 


Total  valuation,  $35,865,000. 


I 


II.— THE  FORESTS  OF  THE  REGION. 

LOCATION. 

The  forests  of  the  Bocky  Mountains,  mainly  coniferous,  are  usually 
located  upon  tbe  mountain  slopes,  at  altitudes  varying  from  4,500  to 
12,000  feet  above  the  sea;  in  some  cases  the  timber  line  extends  to  a 
height  of  12,500  feet.  The  foot-hills  and  mesas  often  have  a  scattering, 
inferior  forest  growth,  and  many  of  the  streams  which  _flow  from  the 
mountains  are  bordered  with  a  sparse  growth  of  cottonwood  and  a  few 
other  deciduous  species  native  to  the  region. 

AREA. 

The  forest  areas,  though  large  in  themselves,  are  not  large  as  com- 
pared with  the  area  of  the  entire  region,  which  amounts  to  640,155  square 
miles,  nor  are  they  to  any  considerable  extent  contiguous.  There  are 
at  present  no  means  of  determining  accurately  their  bounds  and  extent. 
Approximate  estimates  only  can  be  given,  based  mainly  upon  state- 
ments received  from  residents  of  the  several  localities,  or  from  persons 
having  special  knowledge  of  particular  portions  of  the  region.* 

According  to  the  best  data  obtainable,  and  including  in  the  estimate 
all  kinds  of  forest  growth,  light  and  heavy,  valuable  and  inferior,  the 
approximate  forest  areas,  in  square  miles,  of  the  several  divisions  are 
as  follows:  Idaho,  15,990 j  Montana,  26,285;  Wyoming,  12,060;  Colo- 
rado, 16,625;  Js^ew  Mexico,  12,500;  tJtah,  6,000;  or  a  total  in  round 
numbers  of  90,000  square  miles  or  57,000,000  acres,  being  14  per  cent, 
of  the  total  land  area. 

OWNERSHIP. 

The  bulk  of  th  e  forest  laud  of  the  Rocky  Mountain  region  is  still  owned 
by  the  General  Government.  In  New  Mexico,  through  the  means  of  old 
Spanish  grants,  the  titles  to  large  tracts  of  woodland  are  held  by  private 

'  It  isone  of  the  most  difficult  uudcrtakings,  asevery  one  wbohasattempteditkoows, 
to  ascertain  with  accuracy  tho  timber  areas,  especially  in  the  great  mountain  region 
■if  the  West.  In  all  of  the  Territories  I  found  a  disposition  among  the  people  to 
I'verestimate  the  timber  area,  and  to  call  all  lands  timber  lands  that  had  once  been 
(.overed  with  forest  growth.  Lumber  dealers  and  producers  do  not  like  to  give  figures 
to  a  Government  agent,  and  when  they  do,  are  not  likely  to  exaggerate  them.   There 

no  common  and  recognized  standard  by  which  to  estimate  forest  areas. — E.  T.  E. 
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parties.  In  Colorado,  although  the  greater  portion  of  the  timber  lauds 
have  been  surveyed,  comparatively  a  small  part  have  become  subject  to 
private  ownership.  The  lands  selected  from  time  to  time  by  the  State, 
under  various  grants  from  the  United  States,  have  usually  been  farm- 
ing lands,  including  but  little  timber.  The  school  sections,  and  a  few 
other  tracts  owned  by  the  State,  embrace  some  timber  land.  It  is  diffi- 
cult to  determine  the  ownership  of  the  forest  lands  in  this  State,  to  de- 
cide which  belong  respectively  to  the  General  Government,  to  the  State, 
and  to  individuals.  Although  public  surveys  have  been  made,  the  field- 
notes  and  oflBcial  plats  give  very  limited  information  respecting  the 
timber  or  forest  growth ;  and  since  the  surveys  were  made  forest  fires 
and  operations  incidental  to  lumbering,  mining,  and  charcoal  burning 
have  effected  very  material  changes  in  the  timbered  region. 

In  Wyoming,  Montana,  and  Idaho,  in  all  of  which  large  forests  exist, 
hardly  any  of  the  timber  lands  have  been  surveyed.  It  is  gratifying  to 
know  that  the  present  policy  of  the  General  Land  Office  is  to  discourage 
or  forbid  the  making  of  such  surveys.  The  precedent  is  a  good  one,  as 
tending  to  prevent  encroachment  upon  the  forests. 

FOREST   CONDITIONS. 

The  Eocky  Mountain  region  embraces  a  wide  expanse  of  wooded 
ranges,  foot-hills,  valleys,  parks,  and  plateaus.  Naked  and  often  snow- 
clad  crests  and  peaks,  rocky  slopes,  barren  surfaces,  deep  defiles,  and 
swift-rushing  streams  still  further  diversify  a  landscape  wonderful  in 
the  extent  and  variety  of  its  natural  features. 

Upon  the  mountain  ranges  are  irregular  masses  of  coniferous  forest, 
separated  by  wide  spaces — the  latter  treeless,  or  sometimes  clothed  with 
a  growth  of  Aspen.  Bordering  the  streams  are  Cottonwood,  Willow, 
Alder,  and  other  deciduous  growths  of  minor  importance.  The  "parks" 
(by  which  are  meant  mountain  valleys  bare  of  timber  or  nearly  so) 
are  usually  covered  with  wild  grasses  or  sage-brush.  Scrub-oak  and 
Cedar,  Sage-brush,  and  other  shrubs — in  rare  cases  a  scattering  growth 
of  timber — are  found  in  the  foot-hills,  mesas,  and  plateaus. 

This  region,  though  nearly  surrounded  by  arid  or  semi-arid  i^lains 
and  plateaus,  and  subject,  more  or  less,  to  conditions  of  aridity,  heat 
and  cold  inimical  to  forest  growth,  receives  in  many  parts  a  compara- 
tively large  precipitation  of  moisture,  and  is  favored  through  large  por- 
tions of  the  year  with  abundant  sunshine.  To  these  last-named  causes 
may  b«  ascribed  the  existence  here  of  relatively  extensive  forests.  It 
is  believed  that  but  for  the  scourge  of  fire,  these  forests  would  be  at 
least  one-third  greater  in  extent. 

Upon  the  western  slope  of  the  main  range  the  annual  rain  and  snow- 
fall are  greater  than  upon  the  eastern  side ;  hence  the  larger  and  more 
important  forests  are  found  there.  Furthermore,  the  forests  of  that 
portion  have  suffered  less  from  fire  and  depredation  than  those  in  other 
sections.    In  all  parts  of  the  mountaiti  region,  northern  slopes  Jire  the 
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most  favorable  to  forest  growth,  as  aflordiug  inaxiniuiu  conditions  of 
moisture  and  miuiranm  evaporation. 

Tlie  soil  in  which  these  forests  grow  consists,  for  the  most  part,  of 
decomposed  rock  (or  gravel)  mingled  with  sand.  A  thin  Surface  layer 
of  humus  aids,  ordinarily,  in  the  retention  of  moisture,  but  in  dry  sea- 
sons it  is  a  source  of  danger,  promoting  the  spread  of  fire. 

The  surface  is  usually  quit€  sloping — in  many  cases  extremely  so — 
and  the  soil,  deficient  in  clay  or  other  coherent  substances,  is  easily 
moved  by  the  action  of  water.  When,  therefore,  the  slopes  have  been 
stripped  of  their  natural  covering,  the  violent  rain  storms  of  the  region 
have  a  powerful  and  disastrous  effect  upon  them.  The  light  surface 
mold  is  carried  downward  to  the  valleys,  more  or  less  remote,  and  is 
soon  followed  by  masses  of  sand  and  gravel.  The  mountain  side,  which 
was  formerly  clothed  with  a  noble  forest,  now  seamed  and  furrowed  by 
the  torrents,  has  become  a  barren  waste — beyond  reclamation.  Condi- 
tions identical  with  these  are  very  apparent  along  the  front  range  in 
Colorado,  and  in  many  parts  of  the  mining  districts  throughout  the 
mountain  region. 

Even  in  the  most  favored  districts,  where  the  forests  have  been  re- 
moved their  renewal  is  extremely  difficult,  ligature  does  much  in  such 
cases,  however,  and  though  the  original  species  may  not  be  reproduced, 
an  inferior  growth  often  appears.  The  extent  of  natural  reforestation 
varies  greatly  in  different  localities.  In  New  Mexico,  with  greater  de- 
grees of  heat  and  aridity  than  prevail  farther  north,  the  second  growth 
is  proportionately  less  vigorous.  Where  fierce  forest  fires  have  scorched 
the  ground  and  destroyed  the  vegetable  mold,  the  difficulty  of  reforesta- 
tion is  usually  greatly  enhanced.  On  the  other  hand,  it  is  alleged  that 
in  some  instances  the  action  of  fire  serves  to  open  the  cones  or  outer 
coverings  of  certain  tree  seeds,  and  thus  affords  them  a  chance  to  take 
root  and  grow.  It  has  been  said,  also,  that  the  ashes  produced  by  a 
forest  fire  enriches  the  soil,  and  to  that  extent  promotes  the  reproduc- 
tion of  trees.  But  these  are  at  best  only  mitigating  facts,  if  they  are 
facts,  attending  the  almost  inestimable  loss  resulting  from  forest  fires.* 

In  what  has  been  said  above  concerning  reforestation,  reference  has 
been  made  to  spontaneous  growth.  While  the  necessity  is  great  for 
restoring  to  the  denuded  slopes  of  the  Rocky  Mountains  their  once  useful 
and  beautiful  forest  covering  the  expediency  of  attempting  the  artifi- 

*  These  are  facts  only  in  the  imagination  of  those  who  wish  to  find  au  excuse  for 
the  numitigated  nuisance  of  forest  fires.  No  cones  need  the  action  of  fi^e  to  be 
<^ened;  a  sufficient  quantity  would  be  opened  by  the  heat  of  the  sun,  without  de- 
Btroying  the  seeds,  as  the  fire  does.  No  trees  need  the  enriching  quality  of  the  ashes, 
but  their  seeds  do  need  very  much  the  vegetable  mold,  as  a  bed  in  which  to  germ- 
inate and  to  bo  supplied  with  the  needful  moisture  which  the  mold  provides,  but 

'hich  the  ashes  are  not  capable  of  storing  up. 

The  fires,  not  only  of  this  year,  but  those  of  years  back,  have  destroyed  the  chances 
of  natural  reforestation  by  seed  in  many  places,  because  they  have  destroyed  the 
proper  seed-bed.— B.  E.  F. 
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cial  I'lanting  of  hwga  tracts  in  taut  section  is  iloubtlul.  If  men  will 
ceiiso  their  destructive  operations  and  extend  a  i)rotecting-  hand  over 
the  forest  regions,  nature  will  repair  in  a  measure  the  injuries  of  the 
past.  In  truth,  most  kindly  healing  processes  are  already  begun.  The 
ubiquitous  Aspen,  with  its  light  summer  foliiige  and  brilliant  autumn 
hues,  gives  grateful  shade  and  moisture  to  wide  areas  which  otherwise 
would  be  barren  and  desolate.  Some  abler  pen  than  mine  should 
ai)Ostrophize  the  Aspen !  It  is  nature's  restorative — the  balm  poured 
upon  grievous  wounds!  No  soil,  apparently,  is  too  poor  and  inhos- 
pitable to  provide  for  it.  It  has,  however,  its  limitations.  It  is  a  den- 
izen of  the  mountains,  and  succumbs  to  excessive  degrees  of  heat  and 
aridity.  The  Dwarf  Maple,  Creeping  Juniper,  Wild  Rose,  and  other 
hardy  shrubs  are  also  helpful  in  the  restoration  of  denuded  surfaces. 

In  the  midst  of  these  minor  growths  the  seeds  of  the  Pine,  Spruce,  and 
other  timber  trees  gain  lodgment  and  find  necessary  protection. 

In  all  situations  where  the  existing  conditions  of  soil  and  climate  are 
favorable  the  planting  of  forest  trees  should  be  encouraged  to  the 
utmost  extent.  In  valleys,  among  the  foot-hills,  upon  the  mesas  and 
l^lains  where  w^ater  is  available,  and  along  the  streams,  irrigating  canals 
and  ditches,  this  important  work  should  be  carried  on. 

There  is  no  longer  doubt  that  with  the  aid  of  irrigation,  trees  can  be 
made  to  grow  at  any  point  upon  the  western  plains.  Nay,  with  a 
proper  selection  of  species  and  judicious  treatment,  it  is  probable  that 
plantations  and  forests  can  be  established  even  without  the  aid  of  irri- 
gation. 

FOREST  FliORA. 

The  forests  of  the  Rocky  Mountain  region  are  mainly  coniferous, 
with  scattering  groves  of  As  pen  in  the  mountains,  Scrub-oq,k  and  Cedar, 
upon  the  foot-hills  and  mesas,  and  Cottonwood,  Box-elder,  Dwarf  Maple? 
Birch,  Willow,  and  other  minor  deciduous  species  along  the  canyons 
and  streams. 

A  full  account  of  the  woody  plants  prepared  by  Mr.  George  B.  Sud- 
worth  will  be  found  on  page  153  of  this  report.  The  more  important 
forest  trees  .occurring  in  each  Territory  are  also  enumerated  in  the 
special  part  of  this  report. 

liOCAIi  DEMANDS  ON  FOREST  SIIPPI^IES. 

By  numerous  letters  of  inquiry  sent  to  lumbermen  and  others,  in  va- 
rious localities,  efforts  have  been  made  to  obtain  statistics  relative  to  the 
consumption  of  timber  in  this  region.  The  results,  however,  have  not 
been  commensurate  with  the  efforts,  and  the  information  so  obtained 
has  been  quite  meager,  and  shows  mostly  how  little  thought  or  intelli- 
gent estimation  has  been  so  far  given  to  this  important  branch  of  eco- 
nomics ;  how  little  its  importance  is  as  yet  appreciated. 
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One  of  the  questions  contained  in  tho  letters  of  inquiry  was  as  fol- 
lows : 

Is  Iheic  danger  of  the  tiiiibor  supply  failing? 

To  tbis,  twelve  replies  in  the  affirmative  were  received  and  nine  in 
the  negative.  Five  correspondents  stated  there  was  no  danger  of  th^ 
supply  failing  unless  the  timber  was  destroyed  by  fire,  and  that  the 
undergrowth  would  make  good  the  loss  by  consumption,  aud  one  stated 
that  the  timber  would  last  for  a  hundred  years. 

With  respect  to  remedies  for  failing  lumber  supply,  the  following  sug- 
gestions were  offered : 

Import  from  Oregon . 

Ship  more  lumber  from  the  East. 

Protect  from  fire. 

Post  notices  to  prevent  setting  of  fires. 

Encourage  tree  planting. 

Plant  Oak,  "Walnut,  and  Hickory. 

Impose  heavy  penalties  for  cutting  small  timber.  ~ 

Timber  should  be  owned  by  private  parties. 

The  principal  uses  made  of  timber  in  this  region  are  the  manufact- 
ure of  lumber,  railway  ties  and  timber,  mining  timber,  telegraph  poles, 
charcoal,  fencing,  and  fuel. 

LUMBER. 

Yellow  Pine  (No.  7),*  White  Pine  (No.  2),  and  Black  Pine  (No.  9), 
White  (Engelmann)  Spruce  (No.  11),  and  Red  or  Yellow  Fir  (No.  19), 
are  the  principal  timber  trees  of  the  region.  They  furnish  most  of  the 
common  and  a  portion  of  the  finishing  lumber.  Considerable  White 
Pine  {Pinus  strobus)  from  the  lake  region,  Redwood  {Sequoia  sempervi- 
rens)  from  the  Pacific  coast,  many  of  the  hard  woods  also,  and  Southern 
Pine  are  imported  for  the  finer  kinds  of  work. 

Approximate  estimates,  based  upon  reports  received  from  some  of  the 
principal  lumber  dealers  of  the  region,  make  the  consumption  of  lum- 
ber for  the  year  1886  as  follows :  Native,  46,000,000  feet,  B.  M. ;  im- 
ported, 18,000,000  feet. 

Note. — These  figures  can  hardly  be  used  to  convey  an  idea  of  the  quantities  of 
lumber  manufactured  at  home  or  imported  into  the  region,  and.  unless  the  large  but 
<iuite  uncertain  quantity  of  unsawn  lumber  used  in  the  mines  is  deducted,  they  seem 
to  be  far  below  the  actual  amounts  used,  as  will  appear  from  the  following  results  of 
an  independent  canvass  among  saw-mill  men  aud  statements  of  railroad  companies. 

From  these  an  estimate  of  between  150,000,000  and  200,000,000  feet  of  native  timber 
and  of  40,000,000  to  50,000,000  feet  imported  would  appear  to  represent  more  nearly 
'the  amount  of  lumber  consumed  in  the  region. 

fdtiho. — Five  mills  out  of  six  report  an  aggregate  cut  of  4,550,000  feet,  while  an  es. 
ituatc  places  the  whole  amount  of  native  timber  nsed  in  the  Territory  at  17,000,000  to 
19,000,000  feet.    (See  also  page  93.) 

Montana. — Nine  mills  out  of  eleven  report  an  aggregate  cut  of  19,592,000  feet,  mainly 
for  niiuo  timber,  bat  exclusive  of  railroad  ties  and  cord-wood,  of  which  large  quantL 
ties  are  cut. 

Wyoming. — Only  one  mill  out  of  five  reports  cutting  500,000  feet,  and  estimating 
the  cut  for  the  Territory  at  8,000,000  foot  outside  of  railroad  and  mine  timber. 

*Tbe  uumber.s  refer  to  those  used  in  the  account  by  Mr.  Sudworth  iu  this  report. 
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Utah. — Out  of  tivo  mills  replies  were  received  from  two,  with  au  aggregate  cut  of 
1,350,000  feet  ;  one  estimates  the  cut  for  the  Territory  at  10,000,000  cubic  feet  of  mine 
timber  and  ()0,000  cords  of  fuel  and  fencing. 

This  estimate  assumes  that  the  cut  in  Wahsatch  and  Summit  Counties,  which  is 
placed  at  2,000,000  feet  B.  M.  lumber,  300,000  cubic  feet  mine  timber,  and  12,000 
cords  fuel  and  fence  material,  represents  20  per  cent,  of  the  total  cut  of  the  Territory. 

Colorado. — Out  of  some  eighty  mills  written  to,  of  which  several  have  gone  out  of 
business,  thirty  have  replied,  reporting  an  aggregate  cut  of  18,820,000  feet  for  the  year 
188(J.  From  various  estimates  by  counties,  the  total  cut  of  mill  timber  can  not  be 
short  of  75,000,000  to  100,000,000  feet,  of  which  25,000,000  are  used  in  Lake  County 
( Lead vi lie)  alone. 

No  replies  from  New  Mexico.     (Estimation,  see  page  141.) — B.  E.  Feruow. 

Note. — Wo  are  indebted  to  the  kindness  of  Mr.  E.  R.  Murphy,  auditor  of  the  Den- 
ver and  Rio  Grande  Railroad,  and  of  Mr.  J.  A.  Mnuroe,  general  freight  agent  of  tlie 
Union  Pacific  Railroad,  for  the  following  interesting  statements  regarding  theniove- 
ment  of  lumber  and  other  wood  from  outside  points  to  the  Rocky  Mountain  region. 

Union  Pacific  Railroad. — The  total  amount  of  lumber  hauled  into  the  Rocky  Mount- 
ain region  from  points  on  the  line  of  this  road  was,  in  1886,  53,786  tons  (33,616,250 
feet,  B.  M.),  and  during  nine  months  of  1887,  65,437  tons  (40,808,125  feet,  B.  M.).  Of 
this  amount  24,595  tons  (15,371,880  feet),  or  45  per  cent.,  were  from  Oregon  in  1886, 
and  40,918  tons  (25,573,750  feet),  or  60  per  cent.,  from  Oregon  in  1887. 

Denver  and  Rio  Grande  Railroad. — As  appears  from  the  following  detailed  state- 
ment, this  road  during  the  same  period  imported  1,075  tons  (672,422  feet,  B.  M.)  in 
1886,  and  625  tons  (390,000  feet,  B.  M.)  during  nine  months  of  1887. 

Shipments  of  lumber  and  wood  over  Denver  and  Rio  Grande  Railroad  to  Rocky  Mountain 

region  from  points  outside. 


From 


Denver 

Colorado  Springs . 

Pueblo 

Florence  

Canon  

Barnes 

Apisbapa 

Kl  Moro 

Santa  Clara 

La  Veta 


1882. 


Pounds. 

2,  844,  300 

20,  000 

648,  000 

14, 800 

82, 000 


149, 475 


1883. 


Pounds. 

2,  934, 340 

17,  000 

280,  055 

16,  000 

48,000 


108,  000 
53,300 


232,  000 


1884. 


Pounds. 
802,  900 


550,  090 
"32,066 


124, 700 
'320,066 


1885. 


Pounds. 
808, 075 


277,  635 
20,000 
17,  300 


300,  000 

ioi.eso 


235,  000 
3,993,575     3,688,695     1,829,690     1,524,660     2,151,750     1.249,630  1*14,438,000 


1886. 


Pounds. 

787, 090 


506,  545 
20,  000 
37,  055 


645, 710 
"155,350 


1887  to 
August  31. 


Pounds. 
961,  240 


88,390 


Total,  :is: 

to  August 

31, 1887. 


40,000 
160,000 


Pounds. 

9, 137,  945 

37,000 

2,  350,  715 

70,  800 

216,  355 

40,000 

1, 487,  Si-a 

53,  3(10 

101,6:'.0 

942.  350 


I 


^Or  4,512,000  feet. 


RAILWAYS. 


With  the  exception  of  forest  fires,  it  is  conceded  that  no  one  agency 
consumes  the  forests  of  the  country  so  rapidly  as  do  the  railways. 
Their  lines,  of  vast  extent,  stretching  in  every  direction,  make  enormous 
and  unceasing  demands  upon  the  forests,  and  it  is  quite  time  for  the 
railroad  corporations,  as  well  as  for  the  public,  which  must  suffer  by 
any  impediments  to  cheap  railroad  transportation,  to  interest  them- 
selves in  a  better  management  of  forest  supplies.* 

While  it  is  true  that  railroad  companies  legitimately  require  large 
quantities  of  timber,  it  is  not  less  true  that  in  many  cases  they  use  the 
timber  resources  of  the  country  in  a  most  wasteful  and  destructive 

*  See  Bulletin  No.  1,  Department  of  Agriculture,  1887,  Forestry  Division,  on  tlif 
relation  of  railroads  to  forest  supplies,  with  appendices. 
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"is  iu  coimection  with  the  demand  tor  cross-ties.  For  this  use  it  is  cus- 
tomary to  cut  the  smaller  aud  rapidly  growing  trees,  which  results  in  a 
wasteful  consumption  of  the  trees  themselves  and  a  great  diminution 
of  the  source  of  future  supply ;  or  else  much  valuable  timber  is  left  in 
the  woods,  the  tie  cutter  taking  only  such  parts  of  trees  as  will  most 
«  asily  yield  him  ties  of  the  required  size. 

The  information  collected  with  respect  to  the  railway  mileage  of  this 
legion,  and  the  amount  and  kinds  of  native  timber  used  by  the  sev- 
eral roads,  is  not  sufficiently  complete  to  warrant  the  presentation  of 
the  same  in  tabular  form,  aud  is  therefore  embodied  in  the  condensed 
statements  following. 

By  the  courtesy  of  Messrs.  Poor,  publishers  of  Poor's  Manual  of  Rail- 
roads, we  are  enabled  to  give,  in  advance  of  publication  in  the  usual 
way,  the  following  estimate  of  the  railroad  mileage  in  the  Kocky  Mount- 
ain region  at  the  present  time.  In  a  letter  received  from  them  they  say: 

From  careful  examiuatiou  of  the  data  now  ia  our  office,  our  estimate  ia  sis  follows 

Miles. 

Idaho 850 

Montana 1, 575 

Wyoming 850 

Colorado 3.G50 

New  Mexico 1,238 

Utah 1,145 

It  is  possible  that  before  the  end  of  this  year  there  will  have  been  added  to  the 
mileage  of  the  six  St  ates  and  Territories  named  an  additional  300  miles  of  new  rail- 
road, making  the  total  increase  for  the  year  about  1,650  miles  of  railroad,  to  which 
will  be  added  at  least  400  miles  of  sidings  and  other  auxiliary  tracks,  or  a  total  of 
over  2,000  miles  of  track  within  the  year. 

Assuming  this  estimate  to  be  correct,  there  will  be  in  the  Rocky 
Mountain  region  at  the  close  of  the  year  1887,  10,008  miles  of  railroad 
track.  This  would  bring  the  demand  upon  the  forests  up  to  the  present 
time  for  construction  to  not  less  than  200,000,000  cubic  feet,  and  the 
annual  demand  for  renewal  and  maintenance  to  25,500,000  cubic  feet. 

Union  Pacific  Railway. — Consumption  of  native  timber.  Statements  from  S.  T.  Smithy 
general  superintendent,  Omaha.     (Length  of  road  in  Colorado,  965  miles.) 

August  20, 1886.  We  have  used  during  the  last  twelve  months  in  Colorado  about 
200,000  cross-ties,  about  5,000  posts,  2,700  cords  of  slabs  for  fuel  purposes,  and  1,500,000 
feet  of  mountain  pine  for  various  purposes. 

February  1,  1887.  Number  of  cross-ties  and  feet  of  dimension  lumber  used  in  the 
year  1886  on  the  following  divisions : 


State  or  Territory. 


Idaho 

Moutana.. 
Wyoming. 
Colorado . . 


ToUl 


Number  of   ^^^J^u 
timber. 


cro88-tic8. 


0,180  1,084,827 

41,844  401,221 

355,  aSO  1.  SOU,  282 

~       "  5, 16t,639 


279,827 
688,827 


8,460,069 
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Denver  and  liio  Grande  Kail  way. —Mileage  of  road  aud  consiunptiou  of  native  tiiubei . 
Statement  iioiu  C.  M.  Hobbs,  ijurchasiiifj  agent.     (Lsengtb  of  road,  main  line,  iu 
Colorado,  1,161.8  miles;  New  Mexico,  155.2  miles;  Utah,  :}G8  miles.) 
Appi'osimato  amonut  of  timber  required  for  annnal  renewals  and  rejiairs  : 

Cross-ties ^ number..   1,023,370 

Sawed  timber  (B.  M.) feet..  5,625,000 

Kinds  of  timber  preferred  for  tlio  several  pur|)oses: 

For  cross-tie.s,  Red  Sprnce  (local  name  for  Wbite  Spruce)  and  Yellow  Pine— the 
former  very  much  preferred ;  for  bridge  timbers  aud  cars,  Yellow  Pine  ;  for  buildings, 
Yellow  Pine  or  Red  Spruce. 
Native  timber  used  in  Colorado  and  New  Mexico  in  the  year  1886: 

Number  of  broad-gauge  cross-ties 60, 000 

Number  of  narrow-gauge  cross-ties 740,000 

Feet  of  dimension  lumber  (B.  M.) 3,000,000 

In  my  opinion  there  is  an  ample  supply  of  timber  in  our  State  for  a  hundred  years 
to  come;  but  the  increasing  cost  of  securing  it  will  soon  make  necessary  the  use  of 
some  wood-preserving  process,  at  least  on  the  part  of  railroad  companies. 

Colorado  Midland  Railway. — Mileage  of  road  and  consumption  of  native  timber.  State- 
ment of  H.  D.  Fisher,  president  of  Colorado  Midland  Construction  Company. 

January  27, 1887.  The  present  mileage  of  the  Colorado  Midlaud  Railway,  now 
under  construction,  and  which  we  expect  to  finish  and  operate  before  the  close  of  the 
year,  is  250  miles. 

The  number  of  cross-ties  required  for  the  above  main  track  and  the  sidings  requi- 
site for  the  same  will  be  about  900,000. 

The  amount  of  timber  to  be  used  in  bridges  and  other  construction  work  is  esti- 
mated at  between  6,000,000  and  7,000,000  feet. 

The  timber  generally  used  for  bridge  purposes  is  Yellow  Pine  or  Red  Spruce  (local 
name  for  White  Spruce) ;  and  the  same  may  be  said  with  regard  to  ties,  except  that 
we  endeavor  to  obtain  all  the  Red  Spruce  that  can  be  had. 

Burlington  and  Missouri  River  Railroad. — Statement  from  G.  W.  Holdrege,  general 
manager,  of  date  January  22,  1887.     (Length  of  road  in  Colorado,  175  miles. ) 

No  Rocky  Mountain  timber  used  in  1886. 

Atlantic  and  Pacific  Railroad  Company. — Consumption  of  native  timber  during  the  year 
1885.     Statement  from  D.  B.  Robinson,  general  manager. 

During  the  year  1885  we  consumed  in  New  Mexico  937,240  feet,  and  in  Arizona 
2,028,959  feet  (B.  M.)  of  native  pine.  Our  principal  source  of  supply  is  from  the  Ayer 
Lumber  Compauy,  at  Flagstafi",  Ariz.  Pine  lumber  is  about  the  only  kind  of  lumber 
we  use,  and  is  the  only  kind  that  grows  either  in  Arizona  or  New  Mexico  to  any  ex- 
tent. 
Mileage  of  road  in  New  Mexico  and  consumption  of  native  timber  during  the  year 

1886.     Statement  from  T.  R.  Gabel,  general  superintendent.     (I4ength  of  road  in 

New  Mexico,  191  miles.) 

Number  pf  cross-tie^  (uative  pine)  used  in  New  Mexico  in  the  year  1886,  47,456. 

Number  of  feet  of  dimension  lumber  (native  pine)  used  in  New  Mexico  in  the  year 
1886,  298,755. 

On  the  western  division  of  this  road  extensive  use  has  been  made  of  Redwood  for 
cross-ties  and  telegraph  poles  ;  these  ties  last  about  twelve  years. 

TELEGRAPH  POLES,  ETC. 

The  consumption  of  native  timber,  especially  the  White  Spruce,  for 
telegraph  and  telej^hone  poles,  amounts  in  the  aggregate  to  consider- 
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able.    Ill  a  recent  coimnuuication  received  from  the  superintendent  of 
tlie  Western  Union  Telegraph  Company,  at  Omaha,  Nebr.,  he  says  : 

Wo  are  uot  now  using  any  native  poles,  but,  for  what  renewals  are  made  and  new 
lines  built  white  Cedar  poles  are  shipped  from  the  East — obtained  mainly  in  Mich- 
igan and  Ohio.    In  tlie  lines  built  several  years  ago  pine  was  used. 

The  superintendent  of  the  Colorado  Telephone  Company  at  Denver 
states  that  telegraph  and  telephone  poles  should  be  cut  in  winter,  when 
the  trees  are  not  full  of  sap.  Experiments  in  applying  preserving 
processes  for  poles,  tarring,  charring,  etc.,  have  uot  been  satisfactory. 

The  nature  of  the  soil  greatly  affects  durability.  There  exists  also 
this  practical  objection,  that  as  contracts  provide  that  poles  shall  be 
delivered  "  at  the  stake,"  for  lines  of  considerable  length. preserving 
processes  are  not  feasible. 

MINING. 

In  connection  with  the  mining  industry  in  this  region,  a  great  amount 
of  timber  is  annually  consumed,  of  which  it  is  impossible- to  give  even 
an  approximate  estimate.  But  it  is  larger  in  the  aggregate  than  one 
unacquainted  with  the  facts  would  suppose.  One  mining  camp  in  Mon- 
tana, Butte  City,  established  only  a  few  years,  it  is  estimated  requires 
at  its  present  state  of  development  not  less  than  40,000,000  feet,  B.  M., 
per  year,  of  round  and  square  timber  of  large  size,  not  to  speak  of  the 
countless  number  of  small  trees  used  for  "  lagging."  Much  of  the  tim- 
ber used  in  Utah  and  Montana  is  now  imported  from  the  Pacific  slope, 
as  the  home  supply  of  good-sized  or  accessible  timber,  especially  in  the 
former  Territory,  has  been  exhausted,  or  timber  can  be  produced  more 
cheaply  by  rail  from  a  distance.  Much  timber  is  required  for  fuel  and 
charcoal,  especially  the  latter,  which  is  used  extensively  in  smelting 
operations.  The  before-mentioned  mining  camp  with  its  reduction 
works  consume,  it  is  estimated,  1,000  cords  of  fire-wood  a  day,  or  about 
30,000,000  cubic  feet  of  solid  wood  per  year. 

CHARCOAL  MANUFACTURE. 

From  the  best  information  obtainable,  it  is  believed  that  the  charcoal 
burners  of  the  Rocky  Mountain' region  are  doing  immense  injury  to 
the  forests.  They  draw  their  supplies  of  wood  almost  wholly  from  the 
public  domain,  and  although  they  profess  to  make  large  use  of  dead 
timber,  there  is  no  doubt  that  the  growing  forests  are  largely  en- 
'Toached  upon  by  them.  A  person  well  informed  upon  this  subject 
'  cently  expressed  himself  thus: 

The  charcoal  burner  is  the  most  conscienceless  violator  of  law  that  we  have,  cuttinj; 
\  i3rything  down  to  poles  2  inches  in  diameter.  He  loaves  behiud  him  barrenness  and 
desolation.  The  tralTic  in  charcoal  is  so  exhaustive  upon  the  forests,  and  so  injurious 
to  tho  best  interests  of  the  State,  that  wherever  permitted  it  should  be  done  under  a 
license  only,  by  tho  giviug  of  a  bond,  and  by  the  rigid  enforcement  of  conditions  and 
penalties.  There  arc  no  reasons  why  tho  charcoal  burner  should  longer  be  allowed  to 
prey  upon  the  timber  and  young  forest  growth.  On  the  contrary,  many  strong  and 
nrgent  reasons  exist  for  limiting  his  operations. 
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Efiforts  were  made  to  obtain  statistics  relative  to  the  consumption  of 
timber  for  the  manufacture  of  charcoal,  but,  as  in  the  case  of  lumber 
manufacture,  the  returns  were  quite  unsatisfactory. 

In  response  to  the  question,  "What  is  your  principal  source  of  timber 
supply  for  the  manufacture  of  charcoal  ?"  replies  were  received  (mostly 
from  persons  in  Colorado  and  New  Mexico)  as  follows : 

In  the  foot-bills;  plenty  of  pine  and  pi&ou. 

Foot-hills  and  ranches. 

Purchase  from  parties  who  deliver  at  kiln. 

All  around  the  city  (Breckeuridge,  Colo.). 

Patented  lands  and  pre-emptions. 

Mineral  ground. 

Abundance  of  timber,  chiefly  on  grants  (N.  Mex.). 

To  the  questions,  "  What  kinds  of  timber  do  you  mainly  use  ?  What 
proportion  of  green  timber  and  what  proportion  of  dry  ?  "  the  following 
replies  were  received : 

Pine  and  piQon. 

All  dry  wood — it  takes  too  long  to  burn  green. 

One-fifth  dry  :  pinon  the  best  for  charcoal. 

Pifiou  ;  mostly  dry — killed  by  iire. 

Pine ;  90  per  cent,  dry,  10  per  cent,  green. 

Aspen  ;  three-fourths  green,  one -fourth  dry. 

Pine;  one-half  green,  one-half  dry. 

Pinon  ;  equal  parts  of  green  and  dry. 

Scrub  timber;  half  dry  and  half  green. 

Dead  timber  and  dry ;  green  too  expensive.  i 

Pinon,  pine,  and  cedar;  one-third  green,  two-thirds  dry.  1 

Pine;  75  per  cent,  green. 

Concerning  the  yearly  product  of  charcoal  (in  bushels)  reports  were    ^ 
received  as  follows :  I 

Colorado : 

Lake  County 2,000,000                        " 

Conejos  County : 150,000 

CusterCounty 150,000 

Rio  Grande  County 150,000 

Park  County 800,000 

Dolores  County 75,000 

Chaffee  County 380,000 

La  Plata  County 75,000 

New  Mexico : 

Santa  ¥6  County 200,000 

No  means  are  at  hand  for  verifying  the  above  statements ;  and  be- 
sides, it  will  be  seen  that  the  figures  cover  but  a  small  territory.  The 
Philadelphia  smelter  at  Ketchum,  Idaho,  has  thirty  kilns  for  burning 
charcoal ;  the  annual  product  is  not  reported. 

At  least  nine-tenths  of  the  charcoal  manufactured  is  used  by  the 
smelters  j  the  remainder  is  used  mostly  by  blacksmiths  and  tinsmiths. 
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A  Colorado  nianufactiirer  writes  as  follows  upon  the  subject: 

The  largest  amount  of  charcoal  is  made  and  used  in  Lake  County;  the  Lead  vi  lie 
smelters  there  use  daily  about  10,000  bushels.  Charcoal  is  made  of  both  dry  and 
green  timber.  About  three-fourths  is  made  from  dead  timber,  one-half  of  which  is 
down.  One  cord  of  wood  will  yield  about  50  bushels  of  coal.  Dry  or  dead  timber,  if 
sound,  will  yield  more  than  green,  but  the  quality  of- the  coal  will  be  about  the  same.* 

Concerning  the  extensive  use  of  charcoal  by  smelting  companies,  and 
the  consequent  heavy  draft  upon  the  forests,  it  is*  reliably  stated  that 
the  use  of  charcoal  in  smelting  is  a  convenience  but  not  a  necessity. 
There  is  in  many  parts  of  this  region  an  abundant  supply  of  mineral 
coal,  of  good  quality,  including  dry,  bituminous,  or  coking,  and  an- 
thracite, and  its  use  by  smelting  companies  would  simply  involve  the 
employment  of  more  skillful  furnace  men  than  are  used  under  the  present 
system. 

FENCING. 

Although  barbed  wire  is  largely  superseding  the  use  of  boards  for 
fencing,  there  is  a  continued  demand  for  timber  for  fence  posts,  rails, 
etc.,  and  as  farms  and  ranches  are  rapidly  increasing  in  number,  the 
demand  for  fencing  material  is  likely  to  grow  in  proportion.  Much 
dead  timber  is  utilized  in  this  way.  In  the  mountains,  Aspen  is  often 
used  for  fence  rails.  For  posts,  Yellow  Pine  (here  called  Pitch  Pine), 
Cedar  (Juniperus),  White  and  Black  Spruce,  etc.,  are  used.  In  a  few 
instances  posts  for  wire  fences  have  been  made  of  bar  iron. 

With  the  data  available,  it  is  impossible  to  state  the  amount  of  tim- 
ber that  is  annually  consumed  in  this  region  for  fencing  purposes.  It 
is  a  varying  and  probably  an  increasing  quantity. 

FUEL. 

In  the  mountains,  except  in  the  immediate  vicinity  of  coal  mines,  wood 
is  the  principal  fuel,  and  for  this  dead  and  fallen  timber  is  largely  used. 
Except  in  the  case  of  Piuon,  it  is  unlikely  that  growing  timber  will 
suffer  greatly  from  this  use,  and  the  greater  portion  of  the  Piiion  meets 
its  fate  at  the  hands  of  the  charcoal  burners.  In  most  of  the  towns, 
and  in  the  plains  region,  mineral  coal  is  furnished  of  good  quality  and 
at  reasonable  prices. 

Note. — Since  the  fuel  question  is  a  most  important  one  in  connection  with  forest 
preservation,  the  statistics  of  the  supply  of  mineral  coal  are  of  great  interest  in  this 
place.  The  following  notes,  therefore,  taken  from  the  reports  of  the  Division  of  Min- 
ing Statistics  and  Technology,  I  J.  S.  Geological  Survey,  are  here  inserted. 

In  the  Rocky  Mountain  district  coal  beds  are  found  in  a  number  of  geological  for- 
mations, from  the  Carboniferous  up  to  and  including  the  Cretaceous. 

No  detailed  information  of  the  entire  coal  area  of  the  Rocky  Mountain  region,  sim- 
ilar to  that  which  has  been  determined  by  State  geological  surveys  of  the  coal  basins 

■*  From  imperfect  returns  to  a  separate  canvass,  it  would  appear  that  the  total  con- 
sumption of  charcoal  for  smelting  purposes  in  the  region  must  be  placea  at  round 
4,000,000  bushels,  of  which  the  three  Leadville  smelters  tftke  2,364,000  bushels.— B. 
E.  F. 
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east  of  the  Rocky  Mountaius  in  available,  and  no  reliable  estimates  have  been  made 
of  the  areas  underlaid  by  workable  coal  beds.  It  has  been  surmised  that  the  total 
area  of  the  coal-fields  of  this  district  is  between  200,000  and  300,000  square  miles,  but 
this  estimate  is  little  more  than  a  guess. 

The  total  production,  exclusive  of  colliery  consumption,  in  each  State  and  Terri- 
tory, and  corresponding  value. at  the  mines  in  1880,  are  shown  in  the  following 
tables : 


Statoa  and  Territories. 

Total  pro- 
duction not 
including 
colliery  con- 
snmption. 

Value  of 
coal  at 
mines. 

Short  tons. 

1,  368,  338 

829,  355 

271,  285 

200,  000 

41,840 

1,500 

Dollars. 
3  215  'J04 

2, 488,  065 
813  855 

Utah 

420,  000 

174. 460 

6  000 

Total 

2,720,324 

7, 117,  974 

In  the  Rocky  Mountain  region  the  production  of  coal  is  dependent  exclusively  upon 
the  demand  of  the  local  trade.  This  varies  not  only  on  account  of  the  growth  and 
decline  of  the  local  industries,  but  upon  the  variable  freight  tariifs  which  have  per- 
mitted the  importation  to  Rocky  Mountain  points  of  more  distant  and  superior  coals 
at  prices  advantageous  to  the  consumer. 

Colorado. — The  general  prosperity  of  Colorado  in  1886  has  in  no  way  been  better 
shown  than  in  the  great  development  of  the  coal-iields  of  the  State,  although  this 
development  was  begun  too  late  to  show  a  very  great  increase  in  the  production  for 
1886  over  1885.  While  the  mines  in  the  northeastern  portion  of  the  State  have  only 
held  their  own,  those  of  southeastern  Colorado  have  materially  increased  their  out- 
put in  response  to  the  steadily  increasing  demand  from  points  in  western  Kansas  and 
Nebraska.  The  greatest  amount  of  new  work  has  been  done,  however,  west  of  Pitkin 
and  the  Continental  Divide,  in  what  is  known  as  the  Gleuwood  field. 

Noteworthy  discoveries  of  coking  coal  have  also  been  made  in  Gunnison  County,  on 
Ohio  Creek,  andof  anthracite  of  good  quality,  inaregion  where  its  existence  has  only 
been  suspected — the  basalt-covered  tract  southwest  of  Hahn's  Peak,  in  Routt  County. 
The  more  remote  coal-fields,  although  known  to  produce  excellent  coals  of  varying  qual- 
ities, have  been  hitherto  neglected,  because  of  the  remote  prospect  of  railway  com- 
munication, which  is  necessary  to  bring  their  product  into  competition  with  that 
from  well-opened  mines. 

The  great  activity  in  railway  building  in  the  direction  of  Garfield,  Routt,  and  Pit- 
kin Counties  has  spurred  on  the  work  of  opening  the  coal  beds  in  these  counties,  in 
order  to  meet  the  demand  which  the  completion  of  the  three  railways  now  being  built 
in  that  direction  will  bring.  The  superior  quality  of  the  coke  made  from  the  coal  from 
the  mines  in  Pitkin  and  Garfield  Counties,  andtheaccessibility,  low  altitude,  and  thick- 
ness of  the  beds  in  the  anthracite  districts  of  Routt  County  will  meet  a  commercial 
demand  from  the  smelting  and  manufacturing  centers  of  Colorado,  and  also  from 
those  in  the  adjoining  States  and  Territories. 

Total  product  of  mines  operated  in  the  interest  of  railways  in  Colorado  fop  1886  was 
1,115,267  tons;  increase  of  0.7  per  cent,  over  1885.  The  increase  in  railway  produc- 
tion is  very  slight  indeed.  The  coal  area  has  been  variously  estimated  at  from  20,000 
to  50,000  square  miles.  The  known  and  partially  developed  coal-fields  cover  about 
1,000  square  niilcs,  while  the  area  of  the  Laramie,  Fox  Hills,  and  Colorado  cretaceous 
formations,  which  are  coal-beuriug,  comprises  about  one-third  of  the  surface  of  the 
State,  or  approximately  35,000  square  miles. 
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The  coal  piodiiction  of  Colorado  iu  1876  was  117,666  short  tons,  as  against  1,368,338 
bhort  tons  for  18H6  aud  1,791,735  tous  in  1887. 

The  average  number  of  men  employed,  directly  or  indirectly,  in  the  coal  mines  of 
Colorado  is  estimated  at  3,500. 

The  State  inspector  estimates  that  the  average  thickness  of  the  coal  beds  worked 
in  Colorado  is  5  feet  3|  inches.  He  also  states  that  the  thickest  bed  worked  is  9  fe«»t 
and  the  thinnest  is  2  feet. 

The  average  price  paid  for'mining  and  loading  the  coal  and  doing  the  necessary 
timbering  is  89  cents  per  ton  of  2,000  pounds  of  screened  coal. 

The  average  cost  of  the  coal  delivered  on  the  cars  is  $1.74  per  ton. 

The  average  value  of  the  coal  is  estimated  at  $2.35  per  ton,  making  the  total  prod- 
uct of  the  State  worth  $3,215,594.30. 

Idaho. — Large  areas  exist  iu  the  Territory  underlaid  by  bituminous  coal  and  lig- 
nites. Mines  have  been  opened  at  Smith's  Fork  and  on  Twin  Creek,  and  what  is 
known  as  the  Mammoth  bed  shows  local  thickness  of  70  feet. 

A  good  quality  of  lignite  has  been  found  near  Bois<5 ;  also  on  the  Snake  River,  be- 
tween Payette  and  Weiser  City.  A  good  blacksmithing  coal  is  also  reported  on. 
Sucker  River,  22  miles  north  of  Silver  City;  also  several  deposits  near  Lewiston,  in 
the  northern  part  of  Idaho. 

Montana.— 'Much  interest  has  been  taken  of  late  years  in  the  coal-fields  of  Montanr, 
and  the  development  of  the  coal  and  lignite  beds.  _ 

Although  the  occurrence  of  good  fuel  in  Montana  is  a  matter  of  great  importance 
to  the  development  of  the  Territory,  there  has  been  no  great  activity  displayed  in 
coal  mining  in  Montana  during  1886.  The  greatest  production  had  been  at  the  Tim- 
berline  mines,  between  Bozeman  and  Livingston,  but  the  production  there  was  seri- 
ously interfered  with  by  labor  troubles,  as  a  result  of  which  the  mines  were  closed  in 
July,  and  no  coal  was  produced  during  the  last  six  months  of  the  year. 

The  value  of  the  Territory's  output  iu  1886,  at  $3.50  per  ton,  was  $174,460.  The 
number  of  men  employed  can  not  well  be  estimated. 

Netc  Mexico. — There  were  no  special  developments  in  the  coal-mining  industry  of 
New  Mexico  in  1886.  The  field  of  the  largest  operations  has  shifted  from  Raton  to 
Gallup  and  other  points  near  by  on  the  line  of  the  Atlantic  and  Pacific  Railroad  in 
Bernalillo  County,  and  near  the  Arizona  border. 

No  new  mines  have  been  opened.  The  production  of  the  Raton  district  fell  from 
i;te,833  tons  in  1885,  to  87,706  tons  in  1886.  This  fall  iu  production  was  due  mainly 
to  the  increased  production  of  better  coal  at  the  Starkville  and  Rockvale  mines  in 
Colorado,  which  furnished  the  Atchison,  Topeka  and  Santa  Fe  Railroad  with  coal  f»>r 
shipment  and  for  railway  uses.  The  coal  from  Raton  is  used  almost  exclusively  for 
fuel  by  the  Santa  V6  Railroad.  The  mines  are  located  within  the  Maxwell  land  grant, 
and  it  is  understood  that  a  royalty  is  paid. 

A  large  amount  of  the  San  Pedro  coal  is  Coked,  the  coke  being  used  by  smelting 
works  in  New  Mexico  aud  Arizona. 

Wyoming. — The  coal-fields  of  Wyoming  are  of  great  extent  and  value.  They  have 
been  known  since  1850,  but  remained  undeveloped  until  the  completion  of  the  Union 
Pacific  Railroad  to  Carbon,  100  miles  west  of  Laramie,  in  1868.  The  Coal  Measures 
arc  estimated  to  cover  at  least  20,000  square  miles  of  the  surface  of  Wyoming,  and 
the  beds  are  found  for  nearly  350  miles  along  the  line  of  the  Union  Pacific  Railroa«l, 
in  every  case,  where  developed,  cropping  boldly  on  the  surface.  In  quality,  the  coal 
>  a  lignite  of  superior  grade,  and  suitable  for  all  heating  and  domestic  purposes,  but 

ii-coking  and  useless  for  gas  making. 

The  entire  coal-fields  of  Wyoming  are  practically  controlled  by  the  Union  Pacific 
Railroad.  The  capacity  of  these  beds  is  indefinite.  They  would  doubtless  be  able  to 
supply  the  whole  demand  of  the  far  West  with  a  uniformly  good  coal. 

The  total  amount  of  coal  mined  in  that  region  iu  lrt75  was  ;J00,808  short  tons,  aud 
in  1885  it  was  807,328  short  tons.— B.  E.  Fernow. 

247;}8— Bull  2 G 
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DESTRUCTIVE  AGENCIES. 

•FOREST  FIRES. 

In  nearly  all  portions  of  our  country  fire  is  the  most  destructive 
agency  aiieeting  the  forests.  It  does  immense  harm  in  the  Itocky  Mount- 
ain region.  Annually,  during  the  dry  seasoils,  forest  fires  break  out, 
spread  with  great  rapidity,  and  destroy  in  a  few  days  the  growth  of  many 
years.  The  aridity  of  the  climate,  the  resinous  nature  of  the  timber, 
the  prevailing  high  winds,  and  the  sparseness  of  population  render  for- 
est fires  iu  this  region  almost  uncontrollable.  They  are  doubly  disas- 
trous here,  for  when  the  mountain  sloi)es  are  denuded  of  their  natural 
covering,  restoration  is  extremely  difficult,  if  not  impossible. 

The  following  is  taken  from  the  recent  report  (1880)  of  Hon.  S.  T. 
Houser,  governor  of  Montana,  to  the  Secretary  of  the  Interior: 

Another  Io88  that  has  heen  greatly  increased  this  year  by  the  extended  drought  is 
the  fearful  destruction  of  our  mountain  forests  by  lires.  Tliese  fires  occur  every  sum- 
mer. They  originate  generally  from  carelessness  of  hunters  and  campers  (white  or 
Indian),  sometimes  from  lightning.  In  former  years  the  destruction  has  been  com- 
paratively limited.  This  season  they  have  prevailed  generally,  covering  immense 
districts.  More  timber  has  been  destroyed  in  the  past  six  months  by  fire  than  would 
supply  the  wants  of  our  people  for  fifty  years,  and  more  than  will  be  renewed  by 
growth  in  a  generation. 

By  the  enactment  of  laws  prescribing  penalties  for  the  willful  or  care- 
less setting  of  fires,  and  requiring  the  local  authorities  to  post  notices 
warning  persons  against  violation  of  the  law,  some  good  has  been  ac- 
comidished.  It  is  evident,  however,  that  effective  measures  for  the  pre- 
vention of  forest  tires  will  not  be  adopted  until  the  people  and  law- 
making powers  become  fully  alive  to  their  necessity.  And  then  the 
object  can  be  effected  only  by  a  carefully  devised  system  of  forest  pro- 
tection which  will  include  the  active  co  operation  of  local  officers. 


Jcres 

burned  and  values  destroyed  in 

Rocky  Moun 

tain 

region  in  1880 

States  and  Territories. 

Acres. 

Value. 

• 

88, 020 
21, 000 
83, 780 
42, 865 
113,  820 
64,034 

$1, 128,  000 

I.liibo 

202, 000 

3, 255,  OUO 

Utah 

1, 042,  800 

Colorado . 

93.5,  500 

New  Mexico ..._..                               .     

142,  075 

Total 

413.  519 

6,  705,  375 

WASTE. 

The  wasteful  methods  now  practiced  in  dealing  with  our  timber  sup- 
plies deserve  earnest  condemuation  and,  by  the  enactment  of  proper 
laws,  should  be  visited  with  severe  penalties. 

In  some  instances  lumbermen  will  set  mills  near  large  bodies  of  fine 
timber,  tuid  with  unrestrained  greed  cut<k)wii  vastly  more  timber  than 
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they  can  use.  Again,  it  is  the  common  practice  to  use  the  butts  or 
hirger  portions  of  the  trees  for  sawlogs,  while  the  limbs  and  smaller 
l)arts  of  the  trunk  are  left  to  waste  and  to  furnish  food  for  forest  fires. 
In  districts  where  large-sized  trees  abound  it  is  not  unusual,  on  the 
other  hand,  for  tie  choppers  to  cut  ties  from  the  upper  and  smaller  por- 
tions only,  and  leave  the  butts  on  the  ground  to  decay. 

Any  laws  or  customs  which  allow  the  cutting  of  trees  and  the  utili- 
zation of  a  portion  only,  or  permit  the  cutting  of  partly-grown  trees 
(except  in  forest  reserves  or  plantations,  for  necessary  thinning)  are 
pernicious,  as  authorizing  wasteful  and  improvident  methods. 

SNOW  AND  LAND  SLIDES. 

Snow-slides  are  frequent  in  the  Eocky  Mountain  region,  more  espe- 
cially among  the  higher  Colorado  ranges.  They  usually  occur  in  the 
late  winter  and  early  spring  months,  when  heavy  falls  of  snow  are  suc- 
ceeded by  sunshine,  causing  the  partial  melting  of  the  snow,  and  giving 
it  also  great  weight.  The  slides  or  avalanches  destroy  both  life  and 
property.  In  some  instances  entire  mining  camps  have  "been  engulfed. 
Slides  often  start  near  the  crests  of  the  mountains,  above  the  timber 
line,  and  gaining  momentum  as  they  descend,  carry  every  thing  before 
them.  Large  trees  are  swept  away,  rocks  of  many  tons  weight  are 
torn  from  their  beds,  and  human  beings  who  are  in  their  path  are  en. 
tombed  in  the  snow,  which  packs  like  ice,  yielding  only  to  the  axe  and 
pick.  Again,  the  impacted  snow,  after  reaching  the  bottom  of  a  deep 
gulch,  will  be  forced  sometimes  far  up  the  opposite  side,  carrying  with 
it  buildings,  people,  and  whatever  may  be  in  its  way. 

Land  slides,  though  not  frequent,  some  times  occur.  Through  the 
action  of  frost,  melting  snows,  or  rain-fall — or  all  combined — masses  of 
earth  and  rock  are  precipitated  down  the  mountain  side,  overwhelming 
all  beneath.  To  a  beholder,  the  mass,  with  its  accompanying  roar, 
smoke,  and  fire,  would  seem  to  have  evoked  the  lightnings  and  thunder 
to  aid  it  in  its  destructive  course.  The  path  of  the  slide  is  usually 
marked  by  a  strip  of  naked  rock— of  greater  or  less  breadth — called,  in 
mountain  parlance,  a  "  gouge,"  and  upon  which  soil  or  vegetation  is 
not  likely  to  appeal-  again.  What  means,  if  any,  can  be  devised  for 
the  prevention  of  these  disasters  it  is  hard  to  say.  Stripping  the  tim- 
ber from  the  slopes,  if  not  an  original  cause,  contributes  largely  to  the 
evil  effect.  Laud-slides  would  hardly  be  possible  in  localities  where  the 
soil  is  sustained  by  the  interlacing  roots  of  a  vigorous  forest  growth. 
It  has  been  stated  that  in  some  of  the  Alpine  regions  stakes  are  driven 
upon  the  upper  slopes  of  bare  mountains  to  prevent  the  inception  of 
snow-slides.  Such  a  plan  would  hardly  be  feasible  here,  as  the  higher 
slopes  of  our  mountains  ]>resent  steep  and  rocky  surfaces  of  immense 
area, 

NoTK. — It  is  :i  wrll-kmiwii  lact  lliat  in  Kiirii|M>,  not  only  torrents  liiit  iantl-slidus  as 
well  us  snow-slides  aro  iiKliiccd  and  a<(<jrav;it«Hl  I»y  tin'  removal  of  the  lorost  cover, 
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but  also  that  thoir  fonnatiou  has  been  preveuted  by  reforestiug  and  roturfiug  the 
denuded  mountain  slopes.  If  in  the  Rocky  Mountains  the  occurrence  of  these  dan- 
gers is  not  so  frequent  and  disastrous  as  it  has  proved  to  be  in  Switzerland,  Tyrol, 
and  other  European  mountain  regious,  this  may  be  partly  dne  to  differences  of  climate 
and  geologic  conditions.  The  presumption,  however,  is  that  the  frequency  and  ef- 
fects of  such  slides  will  be  duly  recorded  in  our  mountain  regious  with  the  increase 
of  settlements  and  decrease  of  forest  cover.  As  a  proper  protection  against  snow- 
slides  is  oven  now  called  for,  a  chapter  on  their  formation  and  prevention  has  been 
appended  to  this  report. — B.  E.  F. 

LOSS  OF  FOLIAGE. 

lu  the  early  part  of  the  year  1885  extensive  belts  of  conifers  along 
the  Pike's  Peak  and  Front  ranges,  in  Colorado,  suffered  a  loss  of  blight- 
ing of  foliage,  which  many  supposed  would  result  in  the  death  of  the 
trees. 

Inquiry  developed  the  fact  that  such  occurrences,  though  rare  in  this 
region,  were  not  without  precedent,  and  were  probably  caused  by  sudden 
and  extreme  atmospheric  changes.  The  trees  so  aflected  usually  regain 
their  foliage,  although  it  is  believed  their  vitality  is  impaired. 

REIiATIONS    OF   FOREST  PRESERVATION  TO  AGRICUIjT- 

URE. 

In  all  countries  the  relations  between  forests  and  agriculture  are  more 
or  less  intimate.  The  forests  receive  moisture  from  the  atmosphere, 
store  it  in  their  recesses,  and  through  springs  and  running  streams  send 
it  forth  to  water  the  land.  Forests  in  proper  proportion  meliorate  the 
severities  of  climate,  rendering  a  country  habitable  for  man  and  adapted 
to  the  growth  of  fruits  and  grains  suited  to  his  needs.  Floods  and 
droughts  seldom  occur  in  a  region  of  forests.  Forest  products  enter 
into  all  human  activities,  and  it  may  be  said  that  the  race  could  not 
exist  in  the  absence  of  forests. 

Ill  the  Rocky  Mountain  region,  where  arid  or  semi-arid  conditions 
prevail,  the  most  imi)ortant  office  performed  by  the  forests  is  the  con- 
servation and  distribution  of  moisture.  The  countries  at  the  base  of 
the  mountains,  and  surrounding  them,  would  be  uninhabitable  were  it 
not  for  the  forests  which  partially  clothe  the  latter.  Were  tne  mount- 
ains wholly  stripped  of  that  covering  which  nature  has  so 'wisely  be- 
stowed upon  them,  but  little  moisture  would  be  gathered  from  the  atmos- 
phere, violent  storms  would  often  occur,  and  torrents  and  seasons  of 
drought  would  take  the  place  of  existing  conditions. 

In  this  region  the  direct  dependence  of  agriculture  upon  the  forests 
is  more  plainly  seen  than  elsewhere.  Except  in  a  few  localities,  field 
crops,  orchards,  and  gardens  are  cultivated  with  the  aid  of  irrigation 
systems,  the  water  for  which  is  taken  from  the  mountain  streams. 
Should  the  forests  be  destroyed,  the  streams,  irrigation  systems,  and 
crops  would  meet  a  similar  fate. 


The  relation  existinjjr  between  the  Colorado  mountain  system  with 
its  forests,  anil  tiic  water  supplies  lor  agricultural  purposes,  is  strongly 
slated  by  Prof.  Cyrus  Thomas,  of  the  Uaydeu  Survey,  as  follows : 

This  eaateru  mountain  group  appears  to  have  two  culuiiuating  points  or  radiating 
centers;  the  northern,  and  principal  one,  lies  immediately  around  the  North  and 
Middle  Parks,  and  forms  the  rim  of  these  elevated  basins;  the  other  lies  immediately 
southwest  of  South  Park.  In  the  first  of  these,  Blue  River,  White  River,  Yampah 
River,  and  North  Platte  take  their  rise.  In  the  other,  Grand  River,  the  Rio  Grande, 
Arkansas,  and  main  branch  of  th.o  South  Platte  have  their  sources.  The  parks  act  as 
huge  cisterns  for  the  reception  of  the  numerous  little  mountain  rivulets  that  flow 
down  from  the  surrounding  rim,  collecting  them  together  and  discharging  them  at 
one  outlet.  Thus,  the  North  Park  collects  the  various  streams  which  form  the  North 
Platte ;  the  Middle  Park  those  that  form  Blue  River ;  South  Park  those  that  form  the 
South  Platte ;  the  San  Luis  Park  those  that  form  the  Rio  Grande  ;  and  the  upper  Ar- 
kansas Valley,  which  is  a  true  park,  those  which  form  the  Arkansas  River.  Here, 
then,  wo  see  that  live  of  the  great  rivers  of  this  vast  central  region  have  their  sources 
close  together  in  this  mountain  area.  Upon  the  peaks,  ranges,  parks,  and  forests 
embraced  between  the  one  hundred  and  tifth  and  one  huudred  and  seventh  meridians 
and  the  thirty-eighth  and  forty-first  parallels,  an  area  not  exceeding  18,000  square 
miles,  depend,  in  a  great  measure,  the  agricultural  resources  of  an  area  of  more  than 
100,000  square  miles. 

IRRIGATION  SYSTEMS. 

It  may  be  safely  predicted  tbat,  within  a  comparatively  few  years, 
the  Rocky  Mountain  region  and  adjacent  portions  of  the  Pacific  slope 
will  have  irrigation  systems  equal  to  any  the  world  has  ever  known. 
The  discovery  that  vast  areas  of  land,  once  deemed  sterile  and  worth- 
less, are  reclaimable  by  the  application  of  water  has  giveji  wonderful 
impetus  to  irrigation  projects.  Favorable  legislation  has  been  obtained, 
and  various  plans  to  effect  the  desired  object  have  been  well  advanced. 

By  legislative  act,  in  1881,  the  State  of  Colorado  created  the  office  of 
State  hydraulic  engineer,  and  adopted  a  carefully  devised  code  of  irri- 
gation laws.  Since  then  numerous  irrigation  enterprises  have  been 
begun  and  successfully  prosecuted  in  that  State. .  In  many  cases  incor- 
porated companies  have  been  formed  for  the  construction  of  canals  and 
reservoirs,  and  the  distribution  of  water  over  wide  tracts  of  laud.  In 
numberless  other  inst.iuces,  individuals,  under  the  rule  of  priority  of 
use,  have  made  smaller  canals  and  ditches,  appropriating  water  in 
accordance  with  their  needs  and  the  existing  rights  of  others. 

In  the  adjoining  Territories,  especially  in  Utah,  systems  more  or  less 
l>erfect  have  been  introduced,  and  will  be  enlarged  and  improved  as  the 
necessities  of  the  people  may  require. 

The  data  that  have  been  collected  with  regard  to  the  location  and  ex- 
lent  of  the  irrigating  canals  and  ditches  of  this  region,  changes  in  the 
volume  and  flow  of  streams,  etc.,  are  given  in  the  tables  and  maps  ac- 
companying this  report  and  in  the  descriptions  of  the  several  political 
divisions.* 


*  See  not<(  on  irrigation,  page  61. 
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FOIIEST  POIilCY. 

lu  the  Slate  of  Colorado,  aud  iu  the  Territories  of  New  Mexico,  Mon- 
tana, Idaho,  and  Utah,  there  are  in  round  numbers  90,000  square  miles 
of  forest  land.  It  is  estimated  that  four-fifths  of  it  still  belongs  to  the 
public  domain,  equal  to  not  less  than  45,000,000  acres.  To  speak  of  a 
management  of  this  domain  would  convey  the  erroneous  idea  that  there 
exists  such  a  thing  as  forest  management  in  these  mountains.  While 
private  owners  may,  perhaps,  be  somewhat  careful  in  the  cutting  of  their 
timber,  and  possibly  may  take  measures  to  protect  it  against  spoliation 
or  fire,  nothing  of  the  kind  can  be  said  of  the  people's  property. 

Under  existing  laws  and  regulations  with  respect  to  this  vast  body 
of  woodlands,  it  would  appear  that  forest  fires  have  almost  undisputed 
sway;  railway  corporations  freely  use  and  waste  the  public  timber; 
unscrupulous  lumbermen  fell  more  trees  than  they  can  use ;  while  poor 
men,  struggling  to  establish  homes,  often  find  it  difQcult  legally  to  ob- 
tain timber  enough  for  their  personal  use.  The  few  special  agents  of 
the  General  Land  Office,  scattered  through  this  wide  region,  from  lack 
of  numbers  and  proper  system,  are  powerless  to  avert  forest  destruc- 
tion. Alleged  trespassers  are  often  prosecuted,  but  rarely  convicted. 
No  forests  are  saved  from  fire,  and  few,  if  any,  from  the  ax.  The  policy 
of  withholding  from  survey  the  public  timber  lands  in  certain  of  the 
Territories  is  worthy  of  commendation,  and  is  likely  to  prevent,  for  the 
time  being,  the  entry  or  sale  of  such  lands,  but  not  the  spoliation  of  the 
timber  on  the  same. 

That  the'present  condition  of  affairs  is,  and  has  been  for  some  time, 
noxious  and  detrimental  to  the  best  interests,  present  and  future,  of  i 
this  region,  has  been  recognized  by  every  honest  settler  along  the 
"mountain  range.  While  all  are  agreed  that  the  existing  policy  is  injur- 
ious, undesirable,  and  should  be  changed,  the  proposed  remedies  differ, 
often  very  widely. 

The  present  administration  of  the  Land  Office  has  exerted  itself  to 
the  utmost,  with  absolutely  inadequate  means,  to  guard  the  people's 
property,  and  the  reports  of  the  Commissioner  in  the  strongest  lan- 
guage make  clear  the  necessity,  an  d  at  the  same  time  the  impossibility, 
of  protecting  from  depredation  this  part  of  the  domain.  The  impossi- 
bility of  dealing  adequately  under  the  present  system  often  necessitates 
dealing  unfairly,  or  seemingly  so.* 

The  following  extracts  from  letters  received  from  representative  men, 
in  reply  to  inquiries  as  to  the  character  of  the  i) resent  laws  for  the  dis- 
posal of  the  public  lands  and  the  necessity  for  their  amendment,  will  be 
of  interest : 

The  laws  are  not  sufficiently  strict  to  prevent  denudation  of  the  forest  lands,  fraudii- 
leut  appropriation  of  timber  supplies,  and  leaving  of  rubbish  to  cause  forest  fires. 

There  is  too  liberal  construction  of  the  law  allowing  the  cutting  of  timber  for  do-j 
inestic  purposes;  under  it  many  abuses  are  perpetrated. 

*  See  summary  on  page  — . 
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It  is  difficult  ill  a  thinly-sottled  coontry  to  get  proof  that  will  convict  of  setting 
forest  fires. 

In  discussing  i\w  question  of  forest  management,  European  examples  are  not  aU 
ways  valuable  to  us ;  the  conditions  are  very  different  and  ourditficulties  are  greater. 

The  Government  should  take  care  of  the  forests  on  forest  principles. 

In  portions  of  the  mountain  region  every  alternate  section  should  be  reserved  for 
forestry  purposes,  including  the  planting  of  forest  tvees. 

All  timber  lands  at  the  heads  of  streams  capable  of  furnishing  sufficient  water  for 
irrigation  should  be  withdrawn  from  market,  and  religiously  preserved,  jirotected 
and,  when  necessary,  replanted. 

One-half  of  the  public  forest  landa  should  be  sold  to  settlers,  and  the  other  portions 
placed  under  the  care  of  experienced  foresters  and  held  by  the  Government  forevef. 

Local  forest  officers  should  be  appointed,  with  power  to  quell  fires,  make  arrests, 
etc. 

All  timber  lands  should  be  sold,  or  else  donated  to  the  State,  t©  be  disposed  of  or 
protected  under  the  State  laws. 

In  the  arid  regions  timber  lauds  should  be  donated  to  the  respective  States. 

The  entire  control  of  the  forest  growth  (not  the  laud)  should  bo  couforred  upon  the 
State.  The  State,  being  more  directly  interested  in  the  subject-matter,  would  be 
better  able  to  adopt  such  measures  as  would  conserve  its  forest  resources. 

There  should  be  State  reserves,  with  foresters  who  live  in  theTorests  and  guard 
them  from  fires  and  depredation.  The  timber  should  be  disposed  of  under  regulation, 
and  for  the  use  only  of  the  people  of  the  State,  regard  being  had  always  for  the  pres- 
ervation of  the  forest,  so  that  it  be  not  denuded. 

Timber  on  public  lands  should  be  free  to  settlers,  and  no  restrictions  placed  upon 
lumbermen  who  cut  timber  only  for  home  consumption. 

Settlers  upon  the  public  domain  should  be  allowed  to  use  timber  from  the  public 
lands  for  their  homes  and  farms  before  and  after  perfecting  their  titles  under  the 
homestead  or  pre-emption  laws,  regardless  of  the  fact  that  the  timber  lanil  may  be 
designated  as  '•'mineral"  or  "  non-mineral."  This  distinction  is  generally  imaginary 
and  fictitious  and  has  no  value  in  point  of  fact. 

Land  should  be  granted  to  actual  settlers  only  under  the  homestead  law.  All  other 
laws  for  the  settling  or  disposal  of  the  public  domain,  including  the  act  relating  to 
placer-mining  claims,  should  be  repealed. 

Every  settler  upon  the  public  domain,  when  he  shall  have  perfected  his  title  lo  a 
pre-emption  or  homestead  entry,  should  be  allowed  to  enter  at  Government  price  not 
more  than  40  acres  of  timber  land  in  the  same  district,  provided  his  pre-emption  or 
homestead  entry  shall  not  have  a  natural  growth  of  timber  upon  it  suliicieut  for  it& 
necessities. 

Repeal  the  pre-emption  law,  and  make  it  a  misdemeanor  for  a  homesteader  to  sell 
timber,  or  suffer  it  to  be  cut,  more  thau  is  absolutely  necessary  for  domestic  purposes. 

A  .system  of  leasing  the  public  timber  lands  within  clearly-defined  boundaries,  with 
specific  rights  and  liabilities,  uuder  penalties,  guarantied  by  bonds  of  forfeiture  in 
case  of  non-compliance  with  the  terms  of  lease,  will  prove  the  most  efficient  means  of 
promoting  the  interests  of  American  citizens  seeking  homes  in  the  Rocky  Mountain 
regiou. 

Persons  cutting  Government  timber  should  be  required  to  obtain  a  permit  from  the 
local  land  office,  with  safeguards  aud  restrictions  to  prevent  waste  or  trespass.' 

It  would  be  better  to  allow  charcoal-burners  and  the  cutters  of  mine  timbers  to 
take  living  timber  from  the  public  domain  under  proper  restrictions,  than  to  encour- 
age the  destruction  of  the  forests  by  fire,  in  order  that  they  may  cut  the  deadened 
timber  as  they  please. 

Railroa<ls  should  be  required  to  use  dead  timber  if  possible ;  no  question  of  mere 
convenience  should  be  considered.  Some  method  of  chemical  preservation  should  be 
required  where  ties  aud  bridge  timbers  are  obtained  from  the  public  lands. 
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The  timbor-cnlture  jwit  in  inoperative,  and  oflfers  faoilltios  for  framl. 

Tho  good  results  of  tho  tinibor-cnltnro  law  overbalance  all  oltje<;tionH  to  if.  An  in- 
spection of  ea"v:h  claim  before  a  patent  i.ssnes  would  insure  compliance  witb  the  law 
and  prevent  fraiid. 

The  following  extracts  give  valuable  hints  on  one  side  of  the  question : 

[Extract  from  a  recent  report  (1880)  of  lion.  S.  T.  Housor,  governor  of  Montana  Territory,  to  the  Sec. 

retary  of  tl^e  Interior.] 

There  seems,  at  least  in  one  branch  of  Congress,  a  purpose  to  set  aside  a  large  por- 
tion of  the  forest-clad  sections  of  our  Territory  for  permanent  forest  reservations, 
with  a  view  to  protect  the  fountain  heads  of  the  great  continental  rivers.  Under 
proper  regulations  and  provisions  for  needed  care  such  reservations  might  be  of  great 
use  and  value.  But  it  must  be  remembered  that  there  is  no  timber  in  this  region  save 
that  which  grows  in  the  mountains  where  these  rivers  rise.  If  this  country  is  to  be 
occupied  and  developed,  these  forests  will,  to  some  extent,  have  to  be  jjut  under  trib- 
ute for  various  domestic  and  raining  purposes  and  uses.  It  must  be  further  remem- 
bered that  this  entire  region  is  metalliferous,  and  it  would  not  be  wise  to  exclude 
from  these  forest  reservations  all  explor.ations  for  mines. 

Owing,  no  doubt,  to  a  want  of  knowledge  of  our  peculiar  situation  and  the  piw- 
poses  of  the  laws  of  Congress,  adopted  in  1878,  in  reference  to  the  cutting  of  timber 
on  mineral  lands  in  the  Rocky  Mountain  States  and  Territories,  there  have  been 
many  seizures  for  violation  of  law  during  the  past  summer,  and  many  instructions 
and  interpretations  and  applications  of  the  law  that  have  generally  been  regarded  by 
our  people  as  unwarranted  and  fatal  to  their  interests.  Under  the  regulations  since 
prescribed  by  your  Department  it  is  believed  that  all  conflict  and  irritation  will  dis- 
appear, unless  too  restrictive  an  interpretation  or  construction  is  attached  to  the 
words  of  the  law  confining  its  operations  to  mineral  lands. 

[Extract  from  the  report,  for  the  year  1886,  of  Hon.  E.  A.  Stevenson,  governor  of  Idaho  Territory,  to 
the  Secretary  of  the  Interior.; 

The  thanks  of  the  people  of  Idaho  Territory  are  due  to  the  Department  of  the  Inte- 
rior for  the  modification  of  rnles  2  and  3  concerning  the  felling  of  timber,  as  secured 
by  the  circular  of  August  5,  1886.  The  modification  was  well-timed  and  is  gratefully 
received  ;  but  there  are  still  some  regulations  in  force  in  the  Department  that  work 
great  injury  in  the  Territories  of  the  Far  West.  Idaho  is  blessed  with  limitless  forests 
of  timber,  which  are  of  incalculable  value  in  this  western  country — a  great  portion  of 
whose  area  consists  of  barren  and  treeless  plains.  To  enable  settlers  to  cultivate  and 
redeem  these  desert  plains  lumber  must  be  readily  a(3cessible,  else  their  efforts  to  build 
homes  would  be  unsuccessful.  Many  of  the  settlers  are  poor,  having  expended  their  all 
in  securing  their  land  and  in  improvements.  Under  the  rules  and  regulations  of  the 
Interior  Department  the  purchaser  must  enter  into  a  certain  written  agreement  with 
the  lumberman,  and  must,  further,  file  with  the  mill-owner  a  certificate,  under  oath, 
that  he  purchases  such  lumber  exclusively  for  his  own  use.  This  formality  must  be 
goue  through  with  every  time  a  settler  desires  a  little  lumber.  It  is  a  great  incon- 
venience. Then,  again,  it  is  a  matter  of  expense,  for  the  oath  must  be  taken  before 
some  magistrate  qualified  to  administer  oaths,  and  fees  must  be  paid  therefor.  To 
the  poor  settler  this  extra  expense  is  a  matter  of  some  consequence.  Such  mag- 
istrates are  not  often,  in  this  new  country,  in  close  proximity  to  the  .saw-mills.  The 
iiatural  obstacles  encountered  by  settlers  on  this  desert  land  are  severe  enough  with- 
out additional  ones  being  put  upon  them  by  the  Government.  It  is  a  source  of  great  ' 
benefit  to  our  country  that  this  laud  be  settled  up,  and  to  this  end  the  policy  of  the 
Government  should  be  to  remove  obstacles  from  the  path  of  the  honest  settler,  not 
seek  to  retard  his  efforts  by  impracticable  regulation.s.  There  are  in  this  Territory 
great  forests,  sufficient  to  supply  the  homo  consumption  without  any  apparent  effect 
on  their  extent. 
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From  porsoiial  obsurvalion  it  is  saCt!  in  say  that  tbc  oiitirc  local  coiiHiimptioii  of  tim- 
1m  r  ill  (liis  Tcnilory  docs  not  tM|iial  tlu'  growth  of  the  fomsts.  Lot  tho  Govcriiinoiit 
nlford  .siillicicnl  protfction  against  forest  (irus,  whidi,  through  carclessiKWH,  aninially 
coiisiiiiie  inimeu.so  quantities  of  timber,  and  i)rotect  our  forests  against  the  inroads 
(if  scavengers  and  consumers  from  other  States  and  Territories,  and  no  fear  need  be 
entertained  as  to  the  preservation  of  the  timber. 

lu  concliisiou,  I  may  be  permitted  to  say  that  in  my  opinion  a  gen- 
eral policy  with  respect  to  the  public  timber  lands  should  embrace  the 
followlnf;^  features : 

(1)  The  withdrawal  from  sale,  entry,  or  disposal  under  existing  laws 
of  all  such  lands. 

(2)  The  creation  by  law  of  a  forest  commission,  to  be  composed  of 
three  competent  persons,  and  to  hold  office  for  a  period  of  five  years. 
This  commission  should  be  authorized  and  required  (a)  to  adopt  ten- 
tative measures  for  the  protection  and  preservation  of  the  public  for- 

sts;  (&)  to  examine  and  classify  the  public  timber  lauds  and  deter- 
mine what  portions  should  be  held  permanently  as  forest  reserves,  and 
what  portions,  if  any,  should  be  disposed  of;  (c)  to  devise  and  submit  for 
the  action  of  Congress  a  proper  system  of  forest  management  and  ex- 
tension, and  a  plan  for  the  establishment  and  endowment  of  a  national 
school  of  forestry.  Congress  to  make  due  provision  for  the  necessary 
expenses  of  the  commission. 

(3)  The  enactment  of  laws  for  the  protection  of  forests  and  the  plant- 
ing and  cultivation  of  forest  trees  should  be  encouraged  in  the  several 
Territories. 

(4)  When  aqy  Territory  shall  become  a  State  and  shall  have  instituted 
good  and  sufficient  forest  laws,  there  should  be  conveyed  to  such  State, 
in  trust,  the  public  forest  lands  within  its  borders,  for  the  perpetuation 
of  the  forests  thereon. 


in.— FOREST  CONDITIONS  OF  THE  SEVERAL  PO- 
LITICAL DIVISIONS. 

Note, — For  the  purpose  of  obtaining  information  with  respect  to  the  forest  condi- 
tions of  the  several  parts  of  the  Rocky  Mountain  region,  circular  letters  of  inquiry, 
embracing  the  following  questions,  were  sent  to  persons  in  each  county  : 

(1)  What  is  the  extent  of  forest  land  in  your  county,  giving  ajjproximate  number 
of  square  miles  ? 

(2)  What  proportion  of  it  is  fully  stocked,  good  for  timber?  What  part  of  it  is 
made  waste  by  burning  over  ?    What  part  of  it  brush,  of  promising  growth? 

(3)  What  is  the  proportion  of  forest  to  other  lauds  ? 

(4)  What  is  the  character  of  the  forest  growth  now  remaining,  in  the  size  and  kinds 
of  trees  ? 

(5)  What  species  of  trees  predominate  ? 

(6)  Name,  in  the  order  of  their  importance,  the  principal  uses  to  which  each  kind 
of  timber  is  applied  ? 

(7)  What  special  dangers  tlireaten  the  forests  in  your  county,  as  lumbering,  con- 
sumption by  railroads,  fires,  etc.  f 

(8)  What  are  the  chances  for  renewal,  after  the  forests  have, been  destroyed? 

(9)  Of  what  species  of  trees  is  the  second  growth  usually  ? 

(10)  What  kinds,  if  any,  follow  after  the  timber  has  been  destroyed  by  fire  ? 

(11)  Is  an.y  planting  done  and  to  what  extent,  and  with  or  without  irrigation  ? 

(12)  Have  you  noticed  any  changes  in  the  volume  of  water  in  tiie  streams,  as  the 
trees  in  their  vicinity  have  been  cut  off  or  burned  ?  Is  there  less  water  in  the  streams 
than  formerly  ?  Have  floods  and  droughts  become  more  frequeut  ?  Is  the  How  of 
water  in  the  streams  more  intermittent  ? 

(13)  Are  any  observations  on  rain-fall  kept  in  your  locality  ?  If  so,  by  whom, 
giving  name  and  post-office  address. 

(14)  Have  any  avalanches  occurred  in  your  section  ?  If  so,  please  give  the  par- 
ticulars, when,  where,  and  what,  if  any,  loss  of  life  and  property. 

(15)  What  measures  would  you  suggest  for  the  more  a<lequate  protection  of  forest 
growth? 

(16)  Give  any  other  information  upon  the  same  general  subject  which  may  occur 
to  you.  So  far  as  possible  give  definite  and  particular  answers  to  the  foregoing  ques- 
tions and  known  facts  rather  than  general  statements.  If  there  is  insufficient  space 
on  this  sheet  for  your  answers  supplementary  sheets  may  be  used,  care  being  taken 
to  refer  to  the  numbers  on  this  sheet  so  as  to  prevent  uncertainty  or  confusion. 

Responses  to  the  above  were  in  many  instance  so  long  delayed  and  often  so  incom- 
plete that  a  laborious  and  protracted  correspondence  became  necessary.  Although 
but  few  correspondents  could  identify  and  name,  according  to  their  botanical  rela- 
tions, the  several  species  comprising  the  forests  of  their  locality,  nearly  all  could  give 
common  names,  location,  uses,  and  other  descriptive  matter. 

To  obtain  further  details  coucorning  the  forests  of  the  region  and  their  relation  to 
agriculture  and  systems  of  irrigation,  letters  of  inquiry,  embracing  the  subjoined 
questions  and  a  plat  of  the  particular  county,  were  sent  to  county  surveyors  and 
other  civil  engineers : 

(1)  Please  give  a  brief  and  general  topographical  description  of  your  county  f 
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«;y)  What  is  the  approximate  total  nuiubor  of  acres  of  land  in  yonr  county  suitable 
Ml- agricultural  purposes  n'(|uiriii<i  irrijjatiou  ? 

('•>)  Is  tliore  a  siiHicient  water  supply  to  irrigate  that  amount  ?  If  not,  whal  pro- 
}5ortiouatc  amount  short  ? 

(4)  What  is  the  approximate  number  of  acres  already  under  ditch? 

(5)  What  is  the  approximate  nnujber  of  acres  already  irrigated  ? 

(6)  In  your  county  what  is  the  approximate  total  length  of  (a)  irrigating 
:litches — main,  secondary,  small  ;  (ft)  mining  and  milling  ditches  ;  (c)  city  water- 
works (and  capacity  in  gallons),  together  with  total  capacity  of  each,  in  statutory 
.Mches  or  cubic  feet  per  second  ! 

(7)  Has  the  volume  of  water  in  the  streams  of  yonr  county  increased  or  diminished, 
to  your  knowledge  ?  Is  the  flow  of  water  in  such  streams  any  more  or  less  intermit- 
tent than  was  formerly  the  case?  If  you  have  noticed  any  such  changes,  please  state 
the  causes,  so  far  as  known  to  you. 

(S)  What  efiect,  if  any,  in  your  opinion,  do  the  forests  have  on  the  water  supply  ? 

(9)  What,  in  a  general  way,  is  the  extent,  character,  and  location  of  timber  in 
your  county  ? 

(10)  Please  send  sketch,  noting  (to  the  best  of  your  knowledge)  the  situation  of 
the  timber,  irrigating  and  other  canals,  and  city  water- works  in  your  county  ;  giving 
the  timber  in  green  and  canals  and  water-works  in  blue.  To  assist  you  in  answering 
this  question,  a  miniature  map  of  your  county  is  inclosed  herewitlT 

(11)  What  are  the  principal  causes  of  the  destruction  of  forests  in  your  county, 
and  what  measures  would  j'ou  suggest  for  their  more  adequate  protection  ? 

(12)  Please  give  any  other  suggestions  upon  the  same  general  subject  which  may 
occur  to  you.  If  there  is  insufficient  space  on  this  sheet  for  your  answers,  supple- 
mentary sheets  may  be  used,  care  being  taken  to  refer  to  the  numbers  on  this  sheet 
so  as  to  prevent  uncertainty  or  confusion. 

Answers  to  a  portion  of  the  above  questions  were  quite  generally 
returned.  The  estimates  of  forest  areas,  acreage  of  lands  suitable  for 
irrigation,  etc.,  were,  of  necessity,  approximate  rather  than  exact. 

IDAHO. 

Idaho  Territory  is  situated  in  the  northwestern  portion  of  the  United 
States,  and  near  enough  to  the  Pacific  to  share  in  the  climatic  influence 
of  the  warm  ocean  currents  which  sweep  northward  along  the  western 
shores  of  the  continent. 

The  Territory  has  an  area  of  86,400  square  miles.  It  is  a  vast  wedge- 
shaped  i)lateau,  traversed  by  numerous  streams,  which  find  outlet  at 
the  northwest  through  the  channel  of  the  Columbia.  High  and  rugged 
mountains  cover  large  areas  in  the  northern  and  eastern  parts ;  innu- 
merable ranges  span  the  interior,  while  in  the  west  and  south-central 
l>ortions  are  broad  table-lands  and  arable  valleys.  The  Bitter  Root  and 
CoBur  d'Alene  are  the  most  rugged  and  precipitous  of  the  mountain 
ranges.  Their  summits  are  snow-clad  throughout  the  year,  as  are  also 
tho.se  of  the  three  Tetons,  noted  peaks  in  southeastern  Idaho.  The 
highest  elevations  in  the  Territory  range  from  9,000  to  13,000  feet.  The 
lowest  point  is  at  Lewiston,  where  the  Snake  and  Clearwater  Rivers 
unite  at  an  elevation  of  060  feet. 

The  published  maps  fail  to  convey  an  idea  of  the  almost  numberless 
ranges  of  this  region.    In  a  distance  of  300  to  500  miles,  from  east  co 
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west,  it  is  s.iid  "  there  is  n  raujje  of  inoniitaiiis,  on  an  iivenige,  every  1«> 
to  20  miles.  Sometimes  the  distance  across  the  ran^'c  in  a  straiglit  line, 
froin  the  bed  of  a  stream  in  one  vallej'  to  the  bed  of  the  stream  in  the 
valiey  beyond  the  range,  is  not  more  than  5  to  8  miles,  while  it  i^  sel- 
dom more  than  20  miles." 

The  many  streams  of  the  Territory,  fed  by  perpetual  snow.--,  are  of 
goo<l  volume.  Their  flow  is  quite  regular  and  constant,  reaching  its 
maximum  at  midsummer,  and  shrinking  to  its  minimum  in  midwinter. 
The  principal  river  is  the  Snake.  It  rises  in  the  mountains  of  north- 
western Wyoming,  flows  tlirough  southern  Idaho,  and  thence  north- 
ward along  the  western  border  of  the  Territory  to  its  junction  with  the 
Columbia.  The  Snake  is  a  magnificent  river,  of  nearly  1,000  miles  in 
length;  the  greater  jjart  of  the  drainage  system  of  the  Territory  is 
tributary  to  it.  Other  important  rivers  are  the  Salmon  and  Clearwater, 
affluents  of  the  Snake. 

From  a  comparatively  small  portion  of  southeastern  Idado  the  drain- 
age flows  into  the  basin  of  the  Great  Salt  Lake. 

The  northern  part  of  the  Territory  is  mainly  a  region  of  mountains 
and  forests,  with  small  prairies  and  narrow  valleys  available  for  agri- 
culture. Here  also  are  situated  lakes  Pend  d'Oreille,  Cceur  d'Alene, 
and  Kaniska,  which  vary  in  length  from  20  to  GO  miles,  and  are  wide 
and  deep  in  proportion. 

Other  well  known  lakes  of  the  territory  are  the  Cocolulla,  Payette, 
and  Bear.  In  southern  Idaho  are  lava  fields  covering  probably  1,000 
square  miles,  extending  east  and  west  nearly  across  tiie  Territory,  and 
southward  to  Snake  River.  To  the  southwestward  of  these  are  exten. 
sive  sage-brush  plains,  reaching  to  the  mountains  of  Northern  Nevada. 
It  is  estimated  that  within  the  Territory  there  are  0,000  square  miles  of 
"mountain,  desert,  and  volcanic  formation,  entirely  unfit  for  any  use 
except  that  designed  by  nature,  being  utterly  destitute  of  mineral, 
timber,  or  vegetation." 

The  climate  of  the  Territory,  modified  and  softened  by  warm  winds 
from  the  western  coast  and  by  the  prevalent  sunshine,  is  mild  and  de- 
lightful, notwithstanding  the  northern  latitude. 

Though  arid  conditions  prevail  to  a  degree  that  often  render  agri- 
cultural operations  dependent  upon  irrigation,  there  is  in  the  mountain 
region  sufficient  moisture  to  secure  a  vigorous  forest  growth. 

The  finest  timber  in  the  Territory  is  found  in  the  central  i)ortion,  on 
the  Payette  Eiver  and  its  tributaries.  In  the  swamps,  at  the  junction 
of  Lolo  Fork  and  Clearwater  River,  in  Shoshone  and  Nez  Perces  Coun- 
ties,  is  found  Cedar  timber  (probably  Thuya  gigantca),  the  largest  trees 
of  which  are  300  feet  high,  with  trunks  G  to  9  feet  in  diameter.  The 
wood  makes  handsome  and  valuable  finishing  lumber. 

Yellow  or  Bull  Pine  is  the  principal  timber  tree.  It  grows  on  the 
lower  mountains.  The  Black  Pine  or  Tamarack  is  of  small  size  and  is 
found  at  elevations  of  7,000  to  10,000  feet. 
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The  Red  or  Yellow  Fir  grows  on  both  the  low  and  high  mountains; 
the  heart  of  the  wood  is  quite  red  in  color.  The  Mountain  Mahogany 
is  common  in  the  Owyhee  Mountains  (southwestern  Idaho).  It  is  a 
small  tree,  rarely  exceeding  20  feet  in  height,  of  irregular  growth;  has 
a  hard,  brittle  wood  and  handsome  grain.  It  is  a  favorite  wood  for 
canes  and  is  much  used  for  fuel. 

Pine  and  Fir  are  largely  used  in  the  manufacture  of  charcoal. 

There  are  saw-mills  at  Lewistou,  Coeur  d'Alene  Lake,  Spokane,  and 
other  points  in  the  Territory.  It  is  estimated  that  the  amount  of  lum- 
ber manufactured  during  the  year  1886  was  50,000,000  square  feet,  and 
that  an  equal  amount  of  timber  was  used  for  fencing  and  fuel.  Much 
of  the  lumber  was  exported.  The  importations  of  lumber,  estimated 
at  9,000,000  square  feet  during  the  year  1886,  were  mostly  cross-ties  and 
timber  for  railway  uses,  which  consisted  mainly  of  Fir  from  Oregon  and 
Washington. 

The  bulk  of  the  shingles  used  are  of  native  Pine.  Some  Redwood 
shingles  are  brought  from  the  west,  but  iron  and  other  kinds  of  pre- 
pared roofing  are  largely  supplanting  wooden  shingles.    - 

Territorial  laws  have  recently  been  enacted  imposing  penalties  for 
the  willful  or  careless  setting  of  forest  fires,  or  failure  to  extinguish 
camp  fires,  etc.  Also  by  legal  enactment  an  annual  "  Arbor  Day"  has 
been  designated  for  the  planting  of  trees  throughout  the  Territory. 

Except  in  a  small  portion  of  the  Territory  north  of  Salmon  River,  ir- 
rigation is  necessary  in  the  cultivation  of  crops.  The  conservation  of 
the  mountain  streams  is  of  great  importance.  Millions  of  acres  of  land 
suitable  for  agricultural  purposes  can  be  made  productive  only  by  sys- 
tems of  irrigation,  and  these  should  be  encouraged  and  promoted  by  a 
liberal  policy  on  the  part  of  the  Government. 

The  people  of  the  Territory  earnestly  desire  the  continuauce  of  the 
desert  land  act,  under  which  vast  tracts  of  arid  land  may  be  reclaimed 
and  made  valuable.  In  many  of  the  counties  irrigation  companies  have 
been  organized  and  large  canals  and  auxiliary  ditches  constructed. 

ADA  COUNTY. 
Total  area,  3,500  sqnare  miles;  estimated  forest  area,  50  square  miles. 

This  county,  in  which  is  Bois6  City,  the  Territorial  capital,  is  situated 
near  the  southwest  corner  of  the  Territory.  Snake  River  forms  its 
boundary  line  at  the  southwest.  The  Bois6  River  divides  the  county 
into  two  nearly  equal  parts.  The  southern  portion  consists  of  rolling 
lands,  too  high  for  irrigation.  The  northern  i^art  is  divided  by  the 
Payette  River,  and  has  many  narrow  and  fertile  valleys. 

The  only  timber  in  the  county  is  a  narrow  belt  of  Pine  and  Fir  on 
the  mountains  of  its  eastern  border,  and  a  growth  of  Cotton-wood  and 
Willow  along  the  Hoist*  River. 
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ALTURAS  COUNTY. 

(Total  area,  16,700  square  miles  ;  estimated  forest  area,  2,500  square  miles.) 

This  county  is  bouiuUHl  on  the  south  by  the  Snake  River,  and  is 
drained  by  its  tributaries.  The  nortlieru  i)ortion  is  mountainous,  while 
the  valley  of  the  Snake  is  rolling  and  consists  of  sage-brush  plains  and 
almost  impassable  lava  beds.  The  bulk  of  the  timber  is  found  in  the 
northwest  part  of  the  county,  and  consists  of  Yellow  and  Black  Pine, 
Fir,  and  Spruce.  Red  Fir  and  Black  Pine  are  the  predominant  species. 
They  do  not  grow  large,  nor  are  they  very  abundant.  Aspen  is  found 
in  the  mountains,  and  Cottonwood  along  the  streams. 

A  little  planting  is  done,  with  the  aid  of  irrigation. 

BEAR  LAKE   COUNTY. 
(Total  area,  1,200  square  miles ;  estimated  forest  area,  40  square  miles.) 

This  county  is  situated  in  the  southeast  corner  of  the  Territory,  and 
is  divided  into  two  unequal  portions  by  the  Bear  River  and  Bear  Lake. 
Streams  tributary  to  the  river  and  lake  rise  in  the  mountain  ranges 
wliicli  traverse  the  eastern  and  western  portions  of  the  county. 

About  one-half  the  area  of  the  county  is  agricultural  land.  The  re- 
mainder is  broken  and  mountainous  and  composedof  timber  or  grazing 
lands. 

The  average  altitude  is  5,900  feet.  The  rain-fall  is  chiefly  in  spring 
and  autumn.     Crops  are  cultivated  mainly  by  nieacs  of  irrigation. 

Tiie  timber  is  mostly  situated  along  the  ravines  near  the  crest  of  the 
high  range  which  forms  the  western  border  of  the  county. 

There  is  also  some  scattering  timber  on  the  slopes  of  the  range  in  the 
eastern  part.  About  one-third  of  the  timber  is  fully  stocked,  one-third 
brush,  and  the  remainder  burned  over. 

The  forest  growth  consists  of  White  and  Yellow  Pine,  White  Fir, 
Mountain  Mahogany,  White  Cedar,  Cottonwood,  and  Aspen.  Pine  and 
Fir  predominate. 

Very  little  tree  planting  is  done  except  on  a  few  timber-culture  claims, 
with  the  aid  of  irrigation.  Small  fruits  are  grown  to  some  extent,  and 
also  some  of  the  ha-rdier  large  fruits. 

BINGHAM  COUNTY. 
(Total  area,  13,600  square  miles;  estimated  forest  area,  150  square  miles.) 

This  county  is  also  in  the  southeastern  ])art  of  the  Territory.  It  is 
well  watered,  the  Snake  and  Bear  being  the  most  important  rivers. 
The  surface  is  greatly  varied,  and  includes  mountains,  table  lands,  sage 
plains,  valleys,  and  swamps.  There  is  a  large  proportion  of  agricultural 
and  grazing  lands. 

The  little  timber  there  is  in  the  county  is  situated  mainl.y  in  the 
northeastern  part,  and  in  canyons  and  narrow  valleys.  It  is  estimated 
that  one-half  is  well  grown,  and  tiie  larger  portion  of  the  remainder  is 
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thrifty  younjy  Fir  (red)  and  Cottonwood.  No  forest  lires  have  occurred 
for  a  number  of  years.  On  a  few  timber-culture  claims  trees  are  grown 
with  the  aid  of  irrigation. 

BOISI6  COUNTY. 

(Total  area,  2,500  square  miles;  estimated  forest  area,  1,100  square  miles.) 

Boise  county  is  situated  in  the  central  southwestern  portion  of  the 
Territory.  It  has  a  rolling  surface,  and  is  watered  by  tributaries  of  the 
Payette  and  Bois6  Rivers.  Long  Valley,  about  75  by  15  miles  in  ex- 
tent, and  Garden  Valley,  also  of  large  size,  contain  rich  farming  lands. 
There  are  wide  tracts  of  grazing  land  in  ditferent  parts  of  the  county. 

Some  of  the  finest  timber  in  the  Territory  grows  here,  covering  from 
one-half  to  two  thirds  of  the  area  of  the  county.  The  predominant 
species  are  Yellow  and  Black  Pine,  Red  Fir,  and  Bals?.m. 

CASSIA  COUNTY. 
(Total  area,  4,300  square  miles;  estimated  forest  area,  100  square  miles.) 

This  county  occupies  a  central  position  upon  the  southern  border  of 
the  Territory.  Snake  River  bounds  it  on  the  north,  and  it  is  watered 
by  tributaries  of  the  same  stream.  The  surface  ot  the  county  gradually 
rises  from  the  Snake  River  south  to  the  Utah  line,  where  it  be- 
comes rough  and  mountainous,  but  interspersed  with  numerous  valleys 
of  greater  or  less  extent.  It  is  essentially  a  stock-growing  county,  and 
as  such  ranks  among  the  first  in  the  Territory. 

The  winter  climate  is  cold  and  changeable.  The  amount  of  snow-fall 
in  the  valleys  is  not  very  heavy,  but  immense  quantities  accumulate  in 
the  mountains,  which  afford  vast  stores  of  moisture  for  the  growing 
crops  when  the  hot  days  of  summer  come.  There  is  a  great  deal  of  rain 
in  the  valleys  during  the  winter  season,  or  from  about  the  1st  of  No- 
vember  to  the  middle  of  April.  During  the  remainder  of  the  year  rain 
seldom  falls,  except  occasionally  a  shower  about  the  1st  of  July.  Con- 
sequently no  crops  can  ordinarily  be  raised  without  irrigation. 

The  forest  area  is  very  limited  and  confined  almost  wholly  to  the 
mountains  of  the  southern  portion.  Yellow  and  Black  Pine  and  Balsam 
Fir  are  the  principal  timber  trees.  Good  sawing  timber,  however,  is 
getting  scarce,  although  there  is  plenty  of  an  inferior  quality  to  furnish 
the  county  with  rough  lumber  for  a  long  time  to  come.  The  supply  for 
fuel  is  inexhaustible.  Cedar  grows  abundantly  on  the  low  mountains, 
and  there  are  large  bodies  of  Pine  of  small  growth  farther  up  on  the 
mountains  and  in  the  canyons.  There  is  some  Mountain  Mahogany  and 
Nut  or  Pinon  Pine,  both  of  which  make  superior  fuel. 

CUSTEE  COUNTY. 

(Total  area,  5,800  scjuurc  miles;  estimated  forest  ar«<a,  1,900  s<iuare  miles. 

This  county  is  centrally  located  in  the  Territory.  It  is  broken  by 
many  low  mountain  ranges.    The  Salmon   River,  pursuing  a  zigzag 
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course  in  a  northeasterly  direction  through  the  county,  receives  the 
waters  of  eleven  large  affluents.  Lost  River  and  its  tributaries  water 
the  southeastern  part  of  the  county.  The  topography  of  the  region  is 
greatly  varied,  and  agricultural,  grazing,  and  timber  lands  cover  nearly 
the  entire  area.  In  the  western  part  of  the  county  are  a  number  of 
small  lakes. 

Nearly  one-half  of  the  county  is  forest  land.  Very  little,  if  any,  has 
been  made  waste  by  burning.  Pine,  Fir,  and  Cottonwood  are  the  pre- 
dominant trees.  The  timber  is  inferior,  the  trees  rarely  exceeding  two 
feet  in  diameter  of  trunk.    Cottonwood  is  used  mostly  for  fuel. 

With  the  exception  of  a  few  fruit  trees  no  tree  planting  is  reported. 

IDAHO   COUNTY. 
(Total  area,  9,200  square  miles;  estimated  forest  area,  1,950  square  miles.) 

Idaho  County  is  essentially  a  mountainous  region,  the  principal  por- 
tion of  the  Salmon  River  Mountains  being  included  within  its  bounda- 
ries. These  mountains  are  in  no  well-defined  range,  but  are  a  vast  col- 
lection of  irregularly  scattered  peaks,  overtopping  a  wilderness  of  lesser 
peaks,  all  of  a  rugged  and  forbidding  aspect.  The  average  altitude  is 
about  6,000  feet,  though  many  peaks  have  an  elevation  of  nearly  double 
that  height. 

The  county  is  watered  principally  by  the  Salmon  River  and  its  tribu- 
taries. The  northern  portion  is  drained  by  some  of  the  forks  of  the 
Clearwater.  Salmon  TRiver  cuts  a  deep  chasm  through  the  couuty  from 
east  to  west.  Its  valley  is  from  3,000  to  4,000  feet  lower  than  the  aver- 
age altitude  of  the  mining  camps  scattered  through  the  adjacent  mount- 
ains, causing  a  marked  difference  in  climate.  In  the  winter  snow  rarely 
falls  before  February,  and  frequently  the  ground  is  not  whitened  during 
the  year,  while  in  the  surrounding  mining  camps  the  snow  covers  the 
mountain  sides  from  4  to  8  feet  in  depth. 

Camas  Prairie,  comprising  an  area  of  six  to  ten  townships  on  the 
western  border,  is  the  only  agricultural  portion  of  the  county. 

The  forests  cover  the  outer  portions  of  the  county.  Three  fourths  of 
the  timber-lands  are  well  stocked,  one-eighth  is  young  growth,  and  one- 
eighth  made  waste  by  recent  fires.  The  principal  species  of  trees  are 
Cedar,  White  Pine,  Tamarack,  and  Red  and  Yellow  Fir.  Some  of  the 
timber  is  very  large  and  fine,  growing  from  1  to  6  feet  ij^  diameter.  In 
the  open  country  considerable  tree-planting  is  done  without  the  aid  of 
irrigation. 

KOOTENAI  COUNTY. 
(Total  area,  4,830  square  miles ;  estimated  forest  area,  2,400  square  miles.) 

This  county  is  in  the  extreme  northern  or  "  pan-handle  "  portion  of 
Idaho.  The  high  and  rugged  C(eurd'Alene  Mountains  extend  through 
the  central  part  from  east  to  west.    Flanking  this  range  are  lakes  Pend 
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(I'Oreille,  Kaniska,  C(Dur  d'AIeue,  and  others  of  lesser  note.  Clark's 
Fork  of  the  Cohiuibia  aud  the  Spokane  are  the  principal  rivers. 

The  forest  growth,  which  is  pretty  well  distributed  over  the  county, 
consists  mainly  of  Yellow  and  Black  Pine,  Fir,  Cedar,  Cottonwood,  Yew, 
Alder,  aud  Willow;  Pine  predoiuinatiug.  A  small  portion  has  been 
burued  over  aud  made  waste.  The  finest  timber  of  the  territory  is  found 
in  this  couuty  ou  the  waters  of  the  Coeur  d'AIeue,  St.  Joseph,  and 
St.  Mary's  liivers,  One  authority  states  that  ou  the  banks  of  the  first 
named  thousands  of  immense  trees  can  be  seen,  the  trunks  of  which 
will  measure  from  1  to  13  feet  in  diameter.  This  has  long  been  known 
as  the  best  timbered  section  of  Northern  Idaho,  and  is  second  only  in 
imp:)rtance  to  that  on  Puget  Sound. 

On  the  banks  of  Kootenai  Lake  there  is  a  large  body  of  fine  saw- timber. 
For  miles  ou  either  side  of  Pack  Kiver  there  are  bodies  of  good  timber 
along  its  course. 

The  line  of  the  Union  Pacific  Railroad  passes  directly  through  this 
region,  aud  a  heavy  draft  is  likely  to  be  made  upon  its  timber  resources. 

A  little  tree-planting  is  do-aie  in  Kootenai  Couuty  on- timber-culture 
claims  without  the  aid  of  irrigation. 

LEMHI   COUNTY. 
(Total  area,  3,870  square  tuilesj  estimated  forest  area,  2,100  square  miles.) 

This  county  has  for  its  northeastern  boundary  a  pot*tiou  of  the  main 
Kocky  Mountain  range.  It  is  watered  by  the  Salmon  River,  its  main 
alfluent,  the  Lemhi,  and  numerous  smaller  streams  tributary  to  the  two 
named.  Two  great  valleys,  the  Lemhi  and  Pahsamari,  and  a  few  lesser 
ones,  afford  some  300,000  acres  of  land  suitable  for  cultivation. 

The  heaviest  timber  is  found  along  the  north  fork  of  Salmon  River, 
and  within  35  miles  of  Salmon  City.  Pine  trees  with  trunks  3  and  4 
feet  inUiameter,  and  attaining  a  height  of  CO  and  70  feet,  are  common. 
Timber  also  extendi  along  the  mountains  ou  either  side  of  the  valleys 
occupying  the  central  portion  of  the  couuty.  White  aud  Black  Pine 
aud  Fir  are  the  i)redominant  forest  trees. 

NEZ  PERCES  COUNTY. 
(Total  area.  3,100  square  miles;  estimated  forest  area,  450  square  miles.) 

The  Salmon  River,  extending  through  the  county  from  east  to  west, 
divides  it  nearly  equally. 

The  average  elevation  is  about  3,000  feet;  the  lowest  altitude  in  the 
Territory  (G80  feet  above  S'3a  level)  is  at  Lewiston,  in  this  county.  The 
climate  is  mild,  aud  the  rain-fall  sufficient  for  the  growth  of  crops.  Ag- 
riculture and  stock-raising  are  the  chief  industries. 

The  timber,  which  is  mostly  situated  in  the  mountains  along  the  east- 
ern border  of  the  couuty,  consists  of  Yellow  and  Black  Pine,  Red  and 
24738— Bull  2 7 
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White  Fir,  Cedar,  and  Larch.    Much  of  the  timber  is  large,  reaching  a 
diameter  of  3  to  5  feet. 

A  few  forest  trees  are  cultivated  on  timber-culture  claims  without  the 
aid  of  irrigation. 

ONEIDA  COUNTY. 
(Total  area,  2,500  square  miles  ;  estimated  forest  area,  150  square  miles.) 

This  county  is  situated  in  the  southeast  corner  of  the  Territory  and 
is  an  agricultural  region.  There  is  but  little  timber,  and  that  is  found 
in  the  central  and  southeastern  portions. 

Red  Fir,  Cedar,  and  Aspen  are  the  predominant  forest  trees. 

OWYHEE   COUNTY. 
(Total  area,  7,430  square  miles  ;  estimated  forest  area,  300  square  miles.) 

This  large  county  occupies  the  southwestern  corner  of  the  Territory. 
Snake  Rirer  forms  its  northern  boundary.  In  the  eastern  part  are  ex- 
tensive sage-brush  plains.  As  a  whole  the  county  is  mainly  adapted 
to  stock-raising. 

The  only  timber  reported  is  a  body  covering  the  South  Mountain 
range,  in  the  west  central  part. 

SHOSHONE  COUNTY. 
(Total  area,  5,200  square  miles;  estimated  fSrcst  area,  1,900  square  miles.) 

This  county  is  situated  in  the  northern  part  of  the  Territory.  The 
Bitter  Root  and  Cceur  d'Alene  Mountains,  which  form  a  part  of  the 
Rocky  Mountain  chain,  constitute  its  northeastern  boundary.  Its 
principal  streams  are  the  Lolo  Fork  and  North  Fork  of  the  Clearwater 
River. 

The  greater  portion  of  the  county  is  mountainous,  and  includes  large 
bodies  of  timber.  The  forest  growth  consists  of  Red  and  Whij;e  Fir, 
Yellow  and  White  Pine,  White  Spruce,  Hemlock,  Tamarack,  Cedar, 
Yew,  and  several  minor  species.  The  timber  grows  of  medium  size  on 
the  mountains,  and  larger  on  the  bottom  lands  ;  portions  of  it  on  the 
high  ridges  have  been  destroyed  by  fire. 

WASHINGTON  COUNTY. 
(Total  area,  2,500  square  miles;  estimated  forest  area,  900  square  miles.) 

This  county,  situated  in  west  central  Idaho,  is  bounded  on  the  west 
by  Snake  River.  The  Weiser  River  and  other  streams  water  the  in- 
terior of  the  county. 

Black  and  White  Pine,  Red  and  White  Fir,  Hemlock  and  Balsam, 
are  the  principal  species  of  forest  trees.  Pine  predominates.  The 
heaviest  bodies  of  timber  are  found  in  the  northern  and  eastern  parts 
of  the  county.  The  trees  composing  the  forest  vary  greatly  in  size,  the 
trunks  measuring  from  1  to  C  feet  in  diameter.  There  is  not  much  brush, 
and  but  little  timber  has  been  destroyed  by  fire. 
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MONTANA. 

The  Territory  of  Montana,  having  the  form  of  an  immense  parallelo- 
gram, and  embracing  a  superficial  area  of  14o,77G  square  miles,  occupies 
a  large  space  upon  the  map  of  the  United  States.  It  is  situated  in  the 
extreme  northern  tier  of  Territories,  bordering  upon  the  British  Pos- 
sessions. The  liocky  Mountain  chain,  constituting  the  Continental 
Divide,  passes  through  the  western  portion.  About  fonr-Gfths  of  the 
entire  area  belongs  to  the  Atlantic  slope,  being  drained  by  the  Missouri 
lliver  and  its  ti  ibutaries,  and  one-fifth  to  the  Pacific  slope,  being  drained 
by  the  headwaters  of  the  Columbia.  The  mountain  range  separating 
so  unequally  the  two  parts  of  the  Territory  is  comparatively  low,  and 
the  contiguity  of  the  region  to  the  Pacific  Ocean  renders  it,  to  a  degree, 
subject  to  the  climatic  influences  governing  the  western  coast. 

Three-fifths  of  Montana,  comprising  the  eastern  and  central  portions, 
is  a  rolling  plateau,  having  an  average  elevation  of  3,000  feet,  broken 
by  mountain  spurs,  buttes,  and  headlands,  and  watered  by  numerous 
streams.  It  is  i)re-emiuently  a  grazing  country,  and  is  largely  covered 
with  the  nutritious  bunch  grass.  In  this  eastern  part,  north  of  the  Mis- 
souri Kiver,  are  vast  plains.  The  western  two-fifths  of  the  Territory  is 
mountainous. 

As  a  general  thing  the  mountains  of  this  section  are  less  rugged  than 
in  the  Colorado  group  ',  although  here  and  there  are  sharp  angular 
peaks,  yet  as  a  general  rule,  instead  of  the  rocky,  jagged  sides  and 
serrated  crests,  there  are  smooth  slopes  and  rounded  outlines.  The 
height  of  both  mountains  and  valleys,  as  will  be  seen  from  the  list  of 
elevations  presented  below,  is  much  less  than  that  of  the  great  mount- 
ain belt  of  Colorado  and  Wyoming,  and  even  that  of  New  Mexico, 
Utah,  and  Nevada. 

Elevations  in  Montana,  chiefly  along  a  line  running  east  and  west 
near  the  middle  of  the  Territory : 

Foet. 

Fort  Union,  at  the  mouth  of  the  Yellowstone 2, 022 

Trading  Post,  on  Milk  River 2,388 

Fort  Benton 2,780 

Forks  of  Sun  River 4,114 

Lewis  and  Clark's  Pass 6,519 

Blackfoot  Fork,  near  the  mouth  of  Salmon  Trout  Creek  ..  3, 9G0 
IJlackfoot  Fork,  near  its  junction  with  Hell  Gate  River  ..  3,247 

Missoula  River,  near  the  mouth  of  St.  Regis  do  Borgia 2,897 

Summit  of  CcBurd'A16ne  Mountains,  at  Ccourd'Al^nePass.  5,081) 

Fort  Owen,  in  Bitter  Root  Valley 3,284 

Deer  Lodge  City,  in  Doer  Lodge  Valley 4,768 

Prickly  Pear  Valley,  near  Helena 4,000 

Little  Blackfoot,  or  Mullen's  Pass    6,283 

From  this  list  we  see  that  the  western  or  intermontane  basin  has 
a  depression  less  than  3,000  feet  above  the  level  of  the  sea ;  and  that 
^he  least  altitudes  of  the  eastern  slope  range  from  4,000  to  2,022  feet 
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above  the  level  of  the  sea.  Compariug  these  with  the  altitudes  of  the 
other  Territories,  we  find  the  difference  much  greater  than  would  be 
auticipated.    For  this  purpose  1  give  here  the  elevations  of  a  few  points  • 

Albuquerque,  N.  Mox 5,032 

Sauta  F6,  N.  Mcx G,840 

Denver,  Colo 5, 300 

Green  lii ver,  at  the  railroad  crossing,  Wyoming 6, 140 

Salt  Lake  City,  Utah 4,350 

The  Humbolt  Sink,  Utah 4,017 

Fort  Laramie,  Wyo 4,519 

Sweet  Water  River,  at  Independence  Rock,  Wyo 5, 998 

South  Pass  City,  Wyo 7,857 

From  this  we  see  that  even  the  lowest  point  of  the  Great  Basin  near 
the  "Humboldt  Sink"  is  l,12Gfeet  above  the  mouth  of  the  St.  Kegis  de 
Borgia,  and  733  feet  above  Fort  Owen.  This  very  important  fact  in  re- 
gard to  the  physical  geography  of  this  Territory  will  serve  as  an  expla- 
nation of  its  comparatively  mild  climate,  notwithstanding  its  northern 
latitude. 

Probably  none  of  the  southern  and  central  ranges  reach  the  line  of 
perpetual  snow.  Those  in  the  extreme  north  are  unexplored.  It  is 
said  that  glaciers  flow  from  some  of  them. 

The  western  or  mountainous  iiortiou  of  Montana  is  interspersed  with 
many  fine  valleys  well  adapted  to  agriculture  and  stock  raising.  The 
l)rincipal  forests  of  the  Territory  are  in  this  section. 

The  most  dense  and  continuous  bodies  of  timber  are  found  on  the 
western  flanks  of  the  main  range,  and  on  the  Cabinet,  Cceur  d'Alene, 
and  Bitter  Root  Mountains,  which  are  contiguous  to  it,  or  form  the 
boundary  line  between  Montana  and  Idaho.  These  forests,  which  ex- 
tend to  eastern  and  northern  Idaho,  are  the  most  extensive  and  valu- 
able of  any  in  the  Rocky  Mountain  region.  They  guard  the  sources  of 
many  important  streams,  and  furnish  timber  supplies  for  an  adjacent 
treeless  territory  of  wide  extent.  Their  careful  conservation  is  of  the 
greatest  consequence. 

The  forests  of  Montana  are  composed  mainly  of  Yellow  Pine  {Pinus 
ponderosa) ;  White  Pine  {Pinus  flexilis,  Pinus  albicauUs  and  Pinus  mon- 
ticola),  Lodge-Pole  or  Tamarack  Pine  {Pinus  Murrayana) ;  Red  or  Yq\- 
low  Fir  {Pseudotsuga  Douglasii) ;  White  or  Balsam  Fir  (A6«es  (jramlis)] 
Cedar  {Thuya  gigantea  and  Juniperus  Virginiana) ',  and  Yew  {Taxus  brevi- 
folia).  The  Yellow  Pine  and  Red  Fir  predominate,  forming  the  bulk  of 
the  forests  at  the  lower  altitudes.  At  higher  elevations  are  found  the 
White  Spruce,  Tamarack,  and  Balsam. 

The  deciduous  species  most  worthy  of  mention  are  the  Cottonwood 
{PopiXlus  monili/era  and  P.  angustifolia) ;  Balsam  Poplar  (P.  halsami- 
/era);  Aspen  (P.  tremuloides) ',  Box-Elder  {Negundo  aceroides);  and 
Mountain  Mahogany  {Gercocarpus  ledifolius). 

Yellow  and  White  Pine,  and  White  Spruce  are  the  principal  timber 
trees.    The  first  named  is  the  largest  and  most  useful,  and  furnishes 
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most  of  the  building  lumber,  both  common  and  finishing.  In  favorable 
situations  the  trees  of  this  species  attain  a  height  of  100  feet  and  the 
trunks  a  diameter  of  C  or  7  feet. 

The  White  Pine  is  of  smaller  growth  than  the  Yellow,  the  wood  is 
softer  jmd  more  subject  to  decay.  The  two  kinds  are,  however,  used 
for  many  similar  purposes. 

Lodge-polo  Pine  seems  to  be  a  stunted  variety  of  Fimts  Murrayana. 
It  is  a  slender  tree  which  covers  large  areas  upon  the  mountains.  It 
grows  to  a  height  varying  from  20  to  100  feet,  with  trunks  from  2  to  10 
inches  in  diameter,  often  forming  masses  so  nearly  impenetrable  that 
trails  must  be  made  with  the  ax.  A  section  from  the  trunk  of  one  f;f 
these  trees  measures  2^  inches  in  diameter  and  has  fourteen  layers  of 
annual  growth.  A  lumberman  of  experience  states  that  good  saw-tim- 
ber can  be  had  from  the  same  kind  of  x^ine  where  the  growth  is  less 
dense  and  crowded.  The  smtHest  kinds  are  extensively  used  for  fenc- 
ing, ^i*  logging"  for  mines,  and  by  the  Indians  in  the  construction  of 
their  lodges.  A  similar  growth  is  found  in  portions  of  Wyoming  and 
Colorado. 

Cottonwood  \  and  Box-Elder  border  the  streams  at  comparatively  low 
elevations.  The  Aspen  covers  large  surfaces  which  have  baen  denuded 
of  the  original  forest  growth.  It  prefers  northern  slopes  and  narrow 
moist  valleys. 

Although  the  forest  area  of  the  Territory  is  large,  it  is  being  rapidly 
reduced.  The  destruction  by  forest  fires  i?  almost  beyond  computation  ; 
railroads  use  and  transport  immense  quantities  of  timber ;  lumbering, 
operations  cause  a  large  and  steady  drain  upon  the  forests ;  while  the 
consumption  of  timber  for  mining  purposes  is  of  equal  magnitude. 

The  Territorial  laws  prescribe  penalties  for  the  willful  or  careless  set- 
ting of  fires,  or  failure  to  extinguish  them  ;  and  county  commissioners 
are  required  to  post  notices  annually  in  conspicuous  places,  calling  atten- 
tion to  the  provisions  of  the  law.  Notwithstanding  these  precautions, 
forest  fires  are  frequent  and  destructive  in  the  extreme. 

A  recent  legislative  act  provides  for  rebatements  in  taxation  to  i)er. 
sons  planting  and  cultivating  forest  trees,  under  certain  conditions 
named  in  the  law. 

Irrigation  is  practicable  at  dififerent  points  upon  all  streams  near  the 
mountains,  and  it  is  stated  that  by  this  means  crops  are  cultivated  in 
every  county  of  the  Territory. 

East  of  Great  Falls  the  Missouri  River  has  cut  a  channel  GOO  to  900 
feet  deep,  through  the  table-lands  to  the  Dakota  line.  This  gives  to  its 
tributaries  a  very  swift  current,  although  their  channels  are  quite  deeply 
sunken  below  the  adjacent  plains.  In  the  Yellowstone  system  the 
waters  flow  somewhat  nearer  the  general  U'^cl. 

A  number  of  great  irrigation  enteri»rises  have  been  undertaken.  The 
canal  of  the  Minnesota  and  Montana  Ijandand  Improvement  Company, 
in  Yellowstone  County,  is  about  40  miles  long  hy  3r>  foot  wide,  and  5 
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feet  deep.  Another  large  canal,  in  Cboteau  County,  is  75  miles  in  length. 
Others  of  similar  character  arc  in  process  of  construction.  Irrigation 
systems  are  greatly  needed  for  the  reclamation,  under  the  desert-land 
act,  of  sterile  tracts.  The  repeal  of  that  act,  as  proposed,  might  be  a 
serious  mistake. 

The  numerous  valleys  of  the  Territory  arc  remarkably  fertile,  aud,  with  proper 
facilities  for  irrigation,  yield  largo  rotarns  in  wheat,  oats,  barley,  and  all  kinds  of 
vegetables  unsurpassed  in  quality. 

BEAVER  HEAD  COUNTY. 

(Total  area,  2,800  square  miles ;  estimated  forest  area,  1,100  square  miles.) 

This  county  is  situated  in  the  extreme  southwestern  corner  of  the 
Territory.  It  is  bordered  on  the  north,  west,  and  south  by  the  main 
Rocky  Mountain  range.  Beaver  Head  and  Big  Hole  Rivers  are  its 
principal  streams.  Tliey  flow  through  a  long  reach  of  country  and  find 
outlet  at  the  northeast,  through  the  Jefferson  River,  into  the  Missouri. 

The  surface  of  the  county  is  much  broken,  and  includes  many  de- 
tached ranges  and  spurs,  which,  in  some  instances,  are  comparatively 
high  and  rugged.  There  are  a  number  of  arable  valleys,  and  quite  an  ex- 
tent of  rolling,  open  country  suitable  for  grazing. 

Upon  all  the  mountains,  except  at  the  highest  elevations,  there  is  a 
forest  growth,  but  usually  not  dense  nor  of  great  value  for  lumber.  The 
forests,  however,  afford  timber  supplies  for  the  ordinary  local  uses,  and 
serve  to  protect  the  head- waters  of  the  streams. 

Red  Fir,  Black  Pine,  or  Tamarack,  White  Pine,  and  White  Spruce 
are  the  predominant  species.  Black  Cottonwood  {PopulusangustifoUa), 
which  here  grows  large  and  tall,  borders  many  of  the  streams. 

Forest  fires  have  destroyed  much  timber  in  the  county,  but  as  the 
winter  snows  are  heavy  and  the  climate  not  extremely  arid,  a  ne\^ 
growth  of  the  same  species  soon  appears. 

CHOTEAU  COUNTY; 
(Total  area,  26,000  square  miles ;  estimated  forest  area,  350  square  miles.) 

The  greater  part  of  this  immense  county,  nearly  all  of  which  is  in  the 
plains  region,  is  held  as  an  Indian  reservation.  It  is  situated  in  the 
north-central  part  of  the  Territory,  and  is  watered  by  the  Missouri 
River,  the  Milk,  Marias,  and  other  tributary  streams. 

The  small  amount  of  timber  the  county  contains  is  found  upon  the 
Sweet  Grass  Hills  in  the  north,  the  Bear  Paw  and  Little  Rocky  Mount- 
ains at  the  northeast,  the  Highwood  Mountains  in  the  southern  por- 
tion, and  on  the  foot-hills  of  the  main  range  in  the  extreme  western 
part. 

The  forests  are  composed  almost  wholly  of  an  inferior  growth  of  Red 
Fir  and  White  Pine,  not  more  than  5  or  10  per  cent,  of  which  is  good 
saw-timber.    A  scanty  growth  of  Cottonwood  lines  the  streams. 
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It  is  stated  that  forest  fires  liave  not  been  frequent.  When  they  do 
occur,  the  second  growth  is  usually  of  the  same  species  as  the  original. 

CUSTER  COUNTY. 
(Total  area,  20,000  square  milos;  estimated  forest  area,  200  square  miles.) 

Custer  County,  situated  in  the  southeastern  corner  of  the  Territory, 
is  another  of  the  "  plains  counties."  It  is  an  agricultural  and  grazing 
region,  and  is  watered  by  the  Yellowstone,  Powder,  Tongue,  and  Rose- 
bud Rivers  and  their  affluents. 

There  is  but  little  timber  in  the  county,  and  that  is  found  in  the  south- 
western par4.. 

DAWSON  COUNTY. 
(Total  area,  2,700  square  miles;  estimated  forest  area,  200  square  miles.) 

This,  one  of  the  largest  counties  of  the  Territory,  is  situated  in  its 
northeastern  corner.  More  than  one-half  of  its  area,  at  the  north,  is 
still  held  as  an  Indian  reservation.  It  is  wholly  in  the  jilains  region. 
The  Missouri  River  flows  through  the  central  part  and  the  Yellowstone 
crosses  the  southeast  corner.  The  only  timber  of  any  importance — and 
that  very  limited  in  extent — is  situated  in  the  piney  buttes,  in  the  south- 
western portion  of  the  county. 

DEER   LODGE   COUNTY. 
(Total  area,  5,000  square  miles ;  estimated  forest  area,  2,400  square  miles.) 

This  Gounty  lies  upon  the  western  slope  of  the  Continental  Divide. 
The  main  Rocky  Mountain  range  forms  its  northern,  eastern,  and,  in 
part,  its  southern  boundaries.  The  area  of  this  county  is  quite  equally 
divided  between  mountains  and  valleys,  fhe  most  notable  of  the  latter 
being  Deer  Lodge  Yalley,  which  is  30  miles  long  and  from  3  to  10  miles 
wide. 

Numerous  streams  afford  a  plentiful  water  supply  for  irrigation  and 
other  purposes. 

All  of  the  mountains  are  more  or  less  timbered,  the  heaviest  growth 
being  found  in  the  northern  and  southwestern  parts  of  the  county. 
Red  Fir,  White  and  Yellow  Pine  and  Cedar,  are  the  principal  species 
of  forest  trees.  Fir  and  ^'  Lodge-pole  Pine  "  (a  variety  of  the  White 
Pine)  predominate. 

One-half  of  the  timber  lands  is  covered  with  Lodge-pole  Pine,  one-fourth  has  trees 
of  large  growth,  and  one-fonrth  isbrnsh  and  burned  over.  The  trunks  of  the  larger 
species  attain  a  diameter  of  4  to  5  feet. 

FERGUS  COUNTY. 

(Total  area,  7,500  square  miles;  estimated  forest  area,  700  sqnaro  miles.) 

This  county  is  situated  in  the  central  part  of  the  Territory.  The 
Muscle  Shell  River,  a  tributary  of  the  Missouri,  bounds  it  on  the  south 
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and  east.  Its  average  elevation  is  about  3,500  feet  above  sea-level. 
One-third  of  the  -area  is  mountainous,  and  covered  with  a  scanty 
growth  of  timber.  The  remaining  portion  consists  of  long,  narrow 
plateaus,  with  deep  valleys  and  ravines  at  the  sides.  The  bottom-lands, 
bordering  the  streams,  are  of  small  extent,  and  in  some  parts  are  too 
stony  for  cultivation.  To  a  great  extent  the  soil  is  gravelly.  This, 
in  connection  with  the  broken  configuration,  and  prevailing  arid  condi- 
tions, will  greatly  limit  agricultural  oi^erations. 

The  timber  lands  are  situated  in  the  central  and  western  portions  of 
the  county.  The  greater  i)art  are  thinly  wooded,  the  forest  growth  ap- 
pearing on  rocky  ridges,  buttes,  and  the  sheltered  sides  of  plateaus. 
The  predominant  species  are  Yellow  and  White  Pine  and  Fir.  Only 
the  first  two  grow  large  enough  for  lumber.  The  White  Pine  is  small, 
and  is  much  used  for  fencing  poles.  A  scattering  growth  of  Cottonwood 
and  Box-elder  along  the  streams  furnishes  more  or  less  fuel. 

About  one  twenty-fifth  of  the  timber  area  is  fully  stocked,  and  one- 
fiftieth  is  brush. 

Forest  fires  have  been  very  destructive.  A  correspondent,  under  date 
of  August,  1880,  describes  oui^hep  prevailing  on  the  Fort  Maginnis 
military  reservation.  He  recounts  the  unavailing  efforts  of  citizens  to 
subdue  it,  and  the  utter  indift'erence  with  which  the  matter  was  viewed 
by  the  commandant  of  the  post,  who  refused  to  extend  any  aid  in  the 
jiremises. 

Tree-planting,  either  with  or  without  the  aid  of  irrigation,  is  deemed 
imi)racticable.  The  atmosphere  contains  so  little  moisture  that  trees 
sunburn  in  summer  and  freeze  dry  in  winter. 

GALLATIN   COUNTY. 

(Total  area,  7,100  sqnaro  miles;  estimated  forest  area,  1,G00  square  miles.) 

Situated  upon  the  southern  border  of  the  Territory  at  a  moderate 
elevation,  and  abundantly  watered  by  streams  flowing  from  Yellowstone 
Park,  this  county  ranks  among  the  first  in  Montana  for  fertility  and 
productiveness.  Its  surface  is  greatly  varied,  and  includes  mountains, 
foot-hills,  and  valleys. 

Most  of  the  mountain  slopes  are  covered  with  timber;  the  trees,  how- 
ever, do  not  grow  large.  Yellow  and  White  Pine  and  Fir  are  the  lire- 
dominant  species.  Lodge-pole  Pine  is  the  most  common  variety,  and 
occupies  large  areas.  Cottonwood  grows  along  the  streams.  About 
40  per  cent,  of  the  timber  land  has  been  burned  over. 

JEFFERSON   COUNTY. 

(Total  area,  2,200  sqnaro  miles;  estimated  forest  area,  350  square  miles.) 

This  county  lies  upon  the  eastern  slope  of  the  niJiin  range  and  is  cen. 
trally  situated' in  the  western  or  timbered  portion  of  the  Territory.    The 


105 

Jefferson  and  Missouri  Elvers,  respectively,  form  its  southern  and  east- 
ern boundaries.    It  is  well  watered  by  numerous  tributary  creeks. 

The  timber,  confined  mostly  to  the  mountain  slopes,  is  neither  very 
heavy  nor  dense.  Yellow  and  White  Pino  and  Spruce  (variety  not 
named)  are  the  principal  species  of  forest  trees.  Cottonwood  borders 
the  streams. 

Complaint  is  made  that  lumbermen  cut  large  quantities  of  timber 
which  they  fail  to  use,  leaving  it  on  the  ground  to  decay. 

With  the  aid  of  irrigation,  a  few  forest  trees  are  cultivated  for  orna- 
mental purposes. 

LEWIS  AND  CLARKE   COUNTY. 
(Total  area,  2,100  square  miles;  estimated  forest  area,  400  square  miles.) 

This  county  lies  directly  north  of  Jefferson  and,  in  common  with  the 
latter,  is  bounded  on  the  west  by  the  main  Rocliy  Mountain  range.  The 
Missouri  and  Sun  Rivers,  respectively,  constitute  its  eastern  and  north- 
ern boundaries. 

One-half  or  more  of  the  county  is  mountainous  and  more  or  less  tim- 
bered. On  the  shelteried  slopes  of  the  mountains,  the  trees  are  tall  and 
straight,  varying  in  diameter  of  trunk  from  4  inches  to  2  feet.  In 
situations  where  the  southwest  winds  have  unobstructed  sweep,  the 
forest  growth  is  scanty  and  dwarfed.  Yellow  and  White  Pine  and  Red 
Fir  are  the  predominant  trees  and  constitute  the  principal  timber.  As 
in  most  other  parts  of  this  region,  Cottonwood  borders  the  streams. 

Some  claims  have  been  taken  under  the  timber-culture  act,  trees  being 
cultivated  with  the  aid  of  irrigation. 

MADISON  COUNTY. 
(Total  area,  4,500  sqnaro  miles ,  estimated  forest  area,  900  square  miles.) 

Madison  County  is  situated  near  the  southwest  corner  of  the  Terri- 
tory. Its  area  embraces  mountains,  valley  and  grazing  land  in  almost 
equal  proportions.    The  Jefferson  and  Madison  are  its  principal  rivers. 

The  forests,  composed  chiefly  of  Red  Fir  and  White  Pine,  grow  upon 
the  mountain  ranges,  which  have  quite  gener.al  distribution  throughout 
the  county.  The  Fir  reaches  a  size  of  10  to  40  inches  in  diameter  of 
trunk,  while  the  Pino  is  much  smaller,  rarely  exceeding  12  inches  in 
diameter.  'Cottonwood  fringes  the  streams.  About  one-fourth  of  the 
forest  growth  is  good  timber,  one-fourth  young  trees  and  brush,  and 
the  remainder  made  waste  by  burning. 

It  is  said  that  forest  fires  occur  every  fall  in  the  dry  season. 

Trees  are  grown  to  a  limited  extent,  and  with  indifferent  success,  on 
timber-culture  claims,  with  the  aid  of  irrigation. 

Some  loss  of  life  and  property'  by  avalanches  is  reported. 
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MEAGHER  COUNTY. 
(Total  area,  5,700  squaro  miles;  estimated  forest  area,  1,100  square  miles.) 

This  county  is  situated  uear  the  center  of  the  Territory.  The  Mis- 
souri River  forms  its  western  boundary.  Other  important  streams  are 
the  Muscle  Shell  and  Smith  Rivers.  Mountains,  valleys,  and  foot-hills, 
or  grazing  lands,  further  vary  the  surface  of  the  county. 

The  forests  are  mostly  situated  on  the  mountain  slopes,  the  main 
sources  of  timber  supply  being  the  Big  and  Little  Belt,  Snowy  and  Elk 
Mountains,  and  portions  of  the  Highwood  and  Crazy  ranges.  The 
best  timber  is  usually  in  the  least  accessible  districts  It  is  estimated 
that  one-tenth  of  the  forest  area  is  good  timber  and  three-tenths  prom- 
ising second  growth.  -  The  remainder  is  brush  and  lands  made  waste 
by  fire. 

Yellow  and  White  Pine  and  Spruce  are  the  principal  timber  trees. 
Cottonwood  is  used  to  some  extent  for  fuel. 

The  following  list  includes  the  names  and  location  of  the  different 
species  native  to  this  county: 

Yellow  Pine  (Pinus  ponderosa),  Smith  River  and  elsewhere. 

White  Pine  (P.  albicaulis),  Little  Belt  Mountains. 

Lodge-pole  Pine,  wrongly  called  Tamarack  (P.  Murrayana),  Little  Belt 

Mountains. 
Blue  (or  White)  Spruce  (Piceapungens),  all  mountain  ranges. 
Cottonwood  (Populus  monilifera),  widely  distributed. 
Black  Cottonwood  {P.  angustifolia),  all  large  streams. 
Balsam  Poplar  (P.  halsamifera).  Belt  Creek. 
Aspen  iP.  tremuloldes),  mountain  ranges. 
Box-elder  {Negundo  aceroides),  margins  of  streams. 

Dwarf  Maple  {Acer  gldbrum),  Little  Belt  Mountains.  I 

Mountain  Mahogany  {Cercocarpus  Icdifolius),  Little  Belt  Mountains.  i 

Wild  Cherry  {Priums  demissa  and  P.  Pennsijlvanica),  creek  valleys.  1 

Black  Birch  {Betula  occidentalis),  borders  of  streams.  ■ 

MISSOULA   COUNTY. 

(Total  area,  24,500  square  miles;  estimated  forest  area,  16,200  square  miles.) 

This  county,  of  such  great  extent,  is  situated  in  the  northwest  corner  I 
of  the  Territory,  and  upon  the  western  slope  of  the  continental  divide,  j 

The  Cabinet,  Coeur  d'Alene,  and  Bitter  Root  Mountains  -and  their 
outlying  spurs  occupy  a  large  portion  of  the  western  half  of  the  county, 
It  i.s  watered  by  the  Kootenai,  Clarke's  Fork  of  the  Columbia,  Missoula. 
Bitter  Root,  Pend  d'Oreille  and  other  streams.  Flathead  Lake,  a  sheet 
of  water  30  miles  in  length  by  10  in  width,  is  situated  in  the  northeast-  J 
ern  i^ortion.  A  few  other  small  lakes  are  found  in  the  same  region. 
The  surface  of  the  county  is  about  one-third  mountains  and  hills,  and 
the  remaining  i>art  consists  of  valleys  and  plateaus.  Agriculture  and 
fruit-raising  are  leading  industries;  many  fine  orchards  have  been 
grown. 
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The  monntaius  are  not  rugged  aud  arc  comparatively  low,  rarely  ex- 
ceeding 8,000  feet  in  altitude.  They,  as  well  as  the  foot-hills,  are  usu- 
ally covered  with  timber.  Some  of  the  low,  Rocky  Mountain  spurs  at 
the  eastward,  however,  are  quite  bare.  About  three-eighths  of  the 
forest  growth  is  good  timber;  as  much  more  is  promising  young  growth, 
while  the  remainder  has  been  made  waste  by  fire. 

The  leading  species  of  forest  trees  are  Yellow  and  White  Pine,  Red 
and  White  Fir,  White  Spruce,  Tamarack,  Cedar  {Thuya pigantea),  Larch, 
and  Balsam.  In  the  bottoms  and  along  the  streams  are  found  Balm  of 
Gilead,  Birch,  Alder,  Willow,  etc.  The  Pines,  Firs,  and  Tamarack  fur- 
nish most  of  the  lumber  supplies.  The  Yellow  Pine  grows  large,  and 
is  the  predominant  forest  tree. 

At  higher  elevations  the  White  Spruce  is  the  leading  species. 

SILVER  BOW  COUNTY. 
(Total  area,  576  square  miles ;  estimated  forest  area,  60  square  miles.) 

The  county  of  Silver  Bow,  situated  upon  the  crest  of  the  main  Rocky 
Mountain  range,  is  one  of  the  principal  mining  centers  of-the  region. 

Mining  interests  have  greatly  flourished  here,  but  the  forests  have  suf- 
fered in  a  corresponding  degree.  The  demand  for  mining  timbers  and 
wood  for  charcoal  manufacture  has  been  so  great,  that  the  once  valuable 
forest  lands  of  the  county  have  been  almost  wholly  stripped.  There  is 
but  little,  if  any,  chance  for  reproduction  of  the  forest  growth.  A  little 
timber  still  remains  in  the  western  part  of  the  county,  but  is  likely 
to  be  consumed  during  the  next  three  years. 

Yellow  and  White  Pine,  Red  Fir,  and  White  Spruce  are  the  predomi- 
nant species.  The  Fir  grows  to  a  size  of  G  to  15  inches  in  diameter  of 
trunk,  and  the  Spruce  reaches  an  average  diameter  of  15  inches.  Lodge- 
pole  Pine  grows  from  2  to  C  inches  in  diameter.  A  small  growth  of 
Cottonwood  and  Willow  is  found  along  the  streams.  A  correspondent 
writes : 

The  timber  question  is  a  serious  one  for  this  part  of  the  Territory.  The  consump- 
tion of  timber  ia  so  great  that  the  forests  of  western  Montana  will  be  cut  off  within 
the  next  ten  years. 

YELLOWSTONE  COUNTY. 

(Total  area, 3,600  square  miles ;  estimated  forest  area,  25  square  miles.) 

There  are  no  mountains  in  this  county,  and  no  forests  of  importance. 
The  Yellowstone  River  forms  its  southern  boundary. 

Upon  the  bottom  lands  and  hills,  skirting  this  river  and  its  tributary 
creeks,  is  found  a  little  timber,  consisting  of  Pine,  Cedar,  and  Cotton- 
wood ;  none  of  which,  unless  the  latter,  attains  largo  size.  About  one- 
«iighth  of  the  forest  growth  is  said  to  be  good  timber. 

CEOW  INDIAN  RESERVATION. 

(Total  area,  7,200  square  miles ;  estimated  forest  area,  700  square  miles.) 

This  reservation  is  in  the  south-central  part  of  Monfcma,  bordering 
on  the  Territory  of  Wyoming.    The  Yellowstone  Rivec  bounds  it  on 
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the  north ;  aud  the  entire  area  is  fairly  well  watered  by  the  two  Big 
Horn  Kivers,  the  Nez  Perce  and  llosebud  Rivers  and  their  affluents, 
all  of  which  are  tributary  to  the  Yellowstoue. 

In  the  southern  part  of  the  reservation  are  outlying  spurs  and  foot- 
hills of  the  Wyoming  ranges.  These  are  covered  to  some  extent  with 
Pine,  Fir,  and  Spruce  timber.  The  foot-hills  of  the  Snow  Mountains, 
which  encroach  upon  the  western  border  of  the  reservation,  also  bear  a 
forest  growth,  but  no  report  concerning  the  same  has  been  received. 

WYOMING. 

The  Territory  of  Wyoming,  in  situation,  exterior  form,  area,  and  con 
figuration,  has  much  in  common  with  her  southern  neighbor,  the  Stat<> 
of  Colorado.  Both  lie  in  the  northern  temperate  zone,  aud  covef  por- 
tions of  the  great  interior  i)lateau  where  the  open  country  and  mount- 
ains meet.  In  both  are  high  and  rugged  mountain  ranges,  wide  plains, 
valleys,  and  powerful  streams.  One  contains  the  distribution  or  radi 
ating  center  of  the  water  system  of  the  Northwest;  in  the  other  is  the 
distributive  center  of  the  water  sj'stem  of  the  Southwest. 

The  surface  area  of  the  Territory  is  100,375  square  miles  and  its  mean 
altitude  about  G,000  feet  above  the  sea.  The  main  Kocky  Mountain 
range  crosses  it  in  a  direction  from  northwest  to  southeast.  This  is 
flanked  upon  either  side  by  minor  ranges,  groups,  and  spurs,  the  most 
prominent  of  which  are  the  Big  Horn  Mountains  in  the  north,  the 
Laramie  and  Medicine  Bow  ranges  in  the  south,  and  the  Bear,  Salt  i 
River,  and  Teton  Mountains  at  the  west. 

In  the  southwestern  part,  and  following  the  trend  of  the  main 
range  from  northwest  to  southeast  is  an  area  of  barren  couutr3',  about 
200  miles  in  length  and  from  50  to  90  in  breadth.  Its  northern  part 
comprises  the  "  Colorado  Desert,"  or  Green  River  Basin ;  the  central 
portion  is  mostl3^  sage-brush  and  sand,  and  the  southeastern  port 
is  known  as  the  "Red  Desert."  The  surface  of  this  desolate  region — 
which  extends  southward  into  western  Colorado  and  eastern  Utath — is 
broken  by  hills,  sand  dunes,  and  buttes. 

As  an  offset  to  this,  in  the  northwestern  corner  of  the  Territory  is 
the  Yellowstone  Il^Tational  Park,  a  region  remarkable  for  its  grand  and 
wonderful  scenery.  Here,  amid  snowy  peaks  and  vast  forests,  are  the 
sources  of  the  Big  Horn,  Yellowstone,  Madison,  Green,  and  Snake  Riv- 
ers; the  first  three  finding  outlet  through  the  Missouri  and  jMississippi 
to  the  Gulf  of  Mexico,  the  next  tkrough  the  Colorado  of  the  West  to 
the  Gulf  of  California,  and  the  last  through  the  Columbia  to  the  Pacific 
Ocean.  In  this  part  of  Wyoming  are  also  a  number  of  beautiful  lakes, 
of  which  the  Yellowstone  is  the  best  known. 

The  North  Platte,  Green,  Big  Horn,  and  Powder  arc  the  principal 
rivers.  Numerous  other  streams,  of  greater  or  less  importance,  water 
the  different  portions  of  the  Territory. 
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The  climate,  though  cool  and  braciug,  as  beQts  a  high  altitude,  is  not 
rigorous  except  in  the  higher  mountains.  But  slight  falls  of  rain  or 
snow  occur  during  the  year,  so  that  the  aggregate  of  sunny  daj'sis  very 
great.  The  mean  annual  rain-fall,  including  snow,  varies  from  12  to  15 
inches.  The  greatest  humidity  is  from  the  middle  of  autumn  to  the 
middle  of  spring.  Irrigation  is  depended  upon  for  raising  farm  prod- 
ucts, the  rain-fiill  being  insufficient  to  mature  crops,  except  grass  for 
grazing  jjurposes. 

Stock-raising  is  as  yet  the  chief  industry,  though  the  natural  resources 
of  the  Territory  are  extremely  varied.  It  is  estimated  that  one-eighth 
of  its  entire  area  is  suitable  for  cultivation. 

The  forests  of  Wyoming  are  confined  mainly  to  the  mountain  ranges. 
Some  of  them  are  of  wide  extent,  and  the  timber  quite  dense  and  heavy; 
but,  as  a  rule,  they  are  not  equal  to  those  of  the  Territories  farther  north 
and  west.  The  best  timber  is  found  on  the  southern  part  of  the  Big 
Horn  Mountains,  the  central  portion  of  the  Laramie  Range,  Medicine 
Bow,  and  Sierra  Madre  Mountains,  and  the  northern  spurs  of  the  Uintah 
Range,  which  extend  from  Utah  into  southern  Wyoming.  Upon  nearly 
all  of  these  mountains  the  snows  are  heavy,  and  remain,  in  part,  through- 
out the  year.  The  Shoshone,  Teton,  and  Snake  River  ranges  also  bear 
quite  heavy  forests.  The  timber  upon  the  eastern  extension  of  the 
Sweetwater  range  and  western  portion  of  the  Rattlesnake  Mountains 
is  light  and  scattering.  The  widest  timbered  area  is  in  the  northwestern 
part  of  the  Territory,  covering  the  Wind  River,  Shoshone,  and  other 
mountains  of  the  main  range,  including  the  groups  of  Yellowstone  Park. 

There  is  considerable  timber  mostly  Yellow  Pine,  upon  the  Black 
Hills  near  the  Dakota  line. 

Measurements  of  the  timber  limits  of  various  moautains  have  been  made,  which 
show  the  heights,  iu  their  respective  latitudes,  above  which  coniferous  trees — the 
hardiest  of  anj'  species — will  not  grow.  The  timber  line  of  Mouut  Washburn  is  9,900 
feet  above  sea  level,  while  the  altitude  of  that  mountain  is  10,388  feet;  the  timber 
lino  of  Mount  Ilayden,  of  the  Teton  range,  is  11,000  feet,  while  its  altitude  is  13,858 
feet  above  the  sea ;  the  timber  line  of  the  Wind  River  range  is  lD,160  feet,  while  its 
general  altitude  is  11,500  feet  above  the  sea. 

Yellow  and  White  Pine  and  White  Spruce  are  the  principal  timber 
trees.  Many  regard  the  Yellow  Pine  as  the  best  and  most  useful  tree, 
while  others  think  the  White  Spruce  furnishes  the  best  timber  for  all 
pur])oses. 

Lodge-pole  Pine  {Pinus  Murrayana)  is  the  prevailing  forest  tree  in  a 
wide  area  along  the  mountain  range  north  and  south  of  Laramie.  It  is 
also  common  in  the  northwestern  and  other  portions  of  the  Territory. 
lb  often  replaces  the  original  growth  after  fires,  etc. 

lied  Cedar  (Juniperus  Virginiana)  has  a  scattering  growth  upon  the 
foot-hills  and  low  elevations  in  many  parts  of  the  Territory. 

The  Cottonwood  {Populusmomli/eraand  P.  angustifoUa)  fringes  many 
of  the  streams. 
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The  entire  forest  area  of  the  Territory  is  estimated  at  12,000  square 
miles.  Large  portions,  however,  are  thinly  stocked  and  other  parts 
have  been  overrun  by  fire. 

The  several  species,  comprising,  so  ftir  as  known,  the  forest  flora  of 
the  Territory,  are  named  in  the  following  list: 

Yellow  Pino  {Vinua ponderosa,  Dougl.). 

White  Pino  (I'inua  flexilis,  James). 

Black,  or  Lodge-polo  Pine  (/'.  Murray  ana,  Balfour). 

Piiiou,  or  Nut  Pine  {Pinus  eduVta,  Engelni.). 

White  Spruce  (Picea  Engelmanni,  Engelm.). 

Blue  (or  White)  Spruce  {Picea pungens,  Eugolm,)- 

Black  Spruce  {Picea  nigra,  Link). 

Red  Fir  {Pseudotsuga  Douglaaii,  Carr). 

Balsam  {Abies  subalpitta,  Engelm.). 

Balsam  Fir  {Abies  balsamea,  Mill). 

Ked  Cedar  {Jiitiiperus  Virginiana,  L,). 

Cottonwood  {Populus  Monilifera,  Ait.) 

Cottonwood  {Populus  angustifolia,  James)  , 

Aspen  {Populus  tremuloides,  Michx.). 

Willow  {Salix  longifolia,  Muhl.). 

Green  Ash  {Fraxinus  viridis,  Michx.), 

Box-Elder  {Negundo  aceroides,  Moeuch). 

Scrub  Oak  {Quercus  undulaia,  Torr). 

Mountain  Mahogany  Cercocarpus  ledif alius,  Nutt). 

Mountain  Mahogany  {Cercocarpus  parvif alius,  Nutt). 

Wild  Plum  {Prunus  Aviericana,  Marsh). 

Wild  Cherry  (TrurtMS  Pcnnsylvanica,  L.  f.). 

Black  Birch  {Betnla  occidentalis,  Hook). 

A  small  tree,  not  included  in  the  above,  is  known  locally  as  "  Iron 
Wood."  It  grows  along  the  streams  in  bunches  or  clusters,  the  bark 
resembling  that  of  the  lied  Cherry.  It  has  long,  slender  stems,  which 
are  often  used  for  fishing-rods.  No  complete  description  of  this  species 
has  been  obtained. 

The  principal  demands  upon  the  forest  are  for  railway  timbers  and 
cross-ties,  the  manufacture  of  lumber — for  local  uses — and  timber  for 
fencing  and.  fuel.    But  little  if  any  timber  is  exported. 

Common  lumber,  used  in  building,  is  mostly  of  the  native  wood. 
Laramie  and  Evauston  are  principal  points  of  production  of  native 
lumber.  Uard  woods  and  Southern  Pine  for  finishing  and  flooring  are 
brought  from  the  East ;  White  Cedar  shingles  are  obtained  from  the  Pa- 
cific region.  It  is  estimated  that  40  per  cent,  of  the  lumber  used  in  the 
Territory  is  imported. 

The  statutory  laws  prescribe  a  penalty  of  fine  and  imprisonment  for 
the  willful  or  careless  firing  of  woods,  marshes,  or  prairies,  and  satisfac- 
tion in  damages  to  any  person  injured.  Forest  fires,  nevertheless,  are 
frequent  and  destructive. 

No  officers  are  specially  charged  with  the  euforcemeut  of  the  forest 
laws,  and  although  there  may  be  violations  of  the  same,  the  guilty  par 
ties  are  rarely  if  ever  apprehended^ 
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Wyoming  is  within  the  " arid  belt,"  and  irrigation  is  depended  upon 
for  the  raisiug  of  crops.  The  tillable  area  of  the  Territory  is  estimated 
at  12,000  square  miles.  The  laud  is  easily  broken  and  cultivated,  being 
generally  free  from  stones  and  other  obstructions.  In  exceptional  sea- 
sous  the  natural  rainfall  is  suflicient  to  produce  a  growth  of  grain  and 
vegetables,  but  irrigation  ditches  and  a  reliable  supply  of  water  are 
necessary  to  insure  the  success  of  farming  operations.  During  the  Jast 
few  years  raanj^  companies  have  been  incorporated  in  the  Territory  for 
the  purpose  of  constructing  irrigating  canals  and  ditches.  Many  of 
these  enterprises  are  now  in  successful  operation.  In  a  period  of  four 
mouths  during  the  year  188G,  within  the  district  comprising  the  south- 
eastern portion  of  Laramie  County,  there  were  recorded  the  articles  of 
incorporation  of  over  five  hundred  canals  and  ditches,  extending  over 
1,000  miles  in  length  and  covering  at  least  100,000  acres  of  land.  The 
works  of  the  Wyoming  Development  Company,  in  the  same  county, 
include  two  canals,  29  and  37  miles  long,  respectively,  and  from  20  to 
25  feet  wide ;  19  miles  of  lateral  ditches,  from  G  to  12  feet-  wide,  and  a 
rock  tunnel  three-fourths  of  a  mile  long,  with  a  flow  of  1,500  cubic 
feet  per  seconds  This  system,  built  at  a  cost  of  $500,000,  reclaimii 
60,000  acres  of  desert  land. 
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ALBANY  COUNTY. 
(Total  area,  6,922  square  miles;  estimated  forest  area,  840  sqnare  miles.) 

This  is  a  long  and  narrow  county,  in  the  southeastern  part  of  the 
I'crritory.  The  Laramie  and  Medicine  Bow  ranges  odcupy  large  areas 
in  the  north  central,  eastern,  and  southern  jiortions. 

The  North  Platte  and  Big  Laramie  Elvers  are  the  principal  water- 
courses. These,  together  with  n  umerous  tributary  streams  having  their 
sources  in  the  snowj^  mountains  of  the  region,  furnish  an  abundance 
of  water  for  irrigating  purposes. 

The  forest  growth  consists  mainly  of  Yellow  and  White  Pine,  Tam- 
arack or  Lodge-pole  Pine,  Ked  Cedar,  and  Aspen.  It  is  mostly  con- 
fined to  the  mountain  slopes  and  foot-hills.  The  heaviest  bodies  of 
timber  are  found  in  the  central  and  southwestern  parts  of  the  county. 

Between  Fort  Fettermaii  and  Laramie  Peak  on  the  La  Bonte  and  Ilorseslioe  Creeks, 
and  on  the  Caspar  Mountain,  50  miles  west  of  Fort  Fettermau,  are  largo  tracts  of 
good  saw  timber.  Along  the  North  Platte  and  its  tributary  creeks  are  fine  growths 
of  Cottonwood  and  Box  Elder. 

Lodge-pole  Pine  {Pinus  Murrayana)  is  the  predominant  forest  tree 
along  the  range  east  of  Laramie.  Yellow  Pine  is  common  along  the 
lower  mountains,  but  does  not  have  a  dense  growth.  It  is  the  largest 
and  most  valuable  of  the  pines.  White  Pine  {Pinus  Jiexilk)  grows  near 
the  timber  line.  A  scattering  growth  of  Red  Cedar  is  found  on  the 
foothills.  Of  the  two  varieties  of  Cottonwood  native  to  this  region 
{Populug  monili/era  and  Populus  angustifoUa)  the  latter  is  the  most 
prevalent.    It  is  estimated  that  one-quarter  of  the  entire  forest  area  is 
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good  timber.  Upou  uortlieru  slopes,  after  the  origiual  stock  has  beeu 
cut  or  destroyed,  a  second  growth  soon  follows,  consisting  of  Lodge- 
pole  Pine,  or  species  similar  to  the  first  growth.  Forest  trees  are 
planted  and  cultivated  to  a  very  limited  extent,  with  the  aid  of  irriga- 
tion. 

CARBON  COUNTY. 

('Total  area,  13,526  sr|uare  miles;  estimated  forest  area,  1,300  square  miles.) 

This  county  is  in  the  south  central  i)ortion  of  the  Territory.  Its  area 
is  quite  equally  divided  between  mountains  and  plains.  The  Laramie 
Plains  extend  across  its  eastern  border,  and  w^estward  to  the  North 
Platte  River.  The  principal  mountain  ranges  are  the  Medicine  Bow  at 
the  southeast,  Sierra  Madre  at  the  southwest,  and  the  Seminole  and 
Rattlesnake  in  the  west  central  portion.  Spurs  of  the  Big  Horn  and 
Laramie  ranges  i)enetrate  the  couHty  at  the  northeast  and  north.  The 
North  Platte  River,  for  a  distance  of  about  200  miles,  flows  through  the 
interior  of  the  county.  Many  other  streams  tributary  to  the  Platte, 
and  the  Powder  River  at  the  north,  have  their  sources  here.  Upon  all 
the  mountains  are  coniferous  forests,  of  greater  or  less  extent,  the  most 
important  being  upon  the  snowy  ranges  of  the  Medicine'Bow  and  Sierra 
Madre.  The  forest  growth  appears  at  altitudes  ranging  from  8,000  to 
12,000  feet  above  sea-level,  and  consists,  for  the  most  part,  of  Yellow 
and  White  Pine,  Tamarack  or  Lodge  pole  Pine,  Wliite  Spruce,  and 
Aspen.  Lodge-pole  Pine  is  the  predominant  species.  It  grows  from  2 
to  14  inches  in  diameter.  At  high  elevations  in  the  Medicine  Bow 
Mountains  the  White  Spruce  attains  great  size,  the  trunks  of  that 
species  sometimes  reaching  a  diameter  of  6  feet.  In  sheltered  i>laces 
along  French  Creek,  on  the  western  slope  of  the  sjlme  range,  the  Aspen 
grows  very  large,  the  bodies  of  the  trees  often  being  2  feet  in  diameter. 
About  one-half  of  the  forest  area  is  good  timber,  though  not  large,  the 
trees  having  a  tall  and  slender  habit.  Immense  coal  fields  exist  in  this 
region  and  have  been  partially  developed — a  condition  which  ought  to 
lessen  the  drain  upon  the  forests  for  fuel. 

CROOK   COUNTY. 
(Total  area,  10,709  square  miles;  estimated  forest  area,  400  square  miles.) 

This  county,  which  occupies  the  northeastern  corner  of  the  Territory, 
is  in  form  an  exact  square,  its  sides  being  a  little  more  than  100  miles 
in  length.  Its  general  surface  features  are  rolling  plains,  the  Black 
Hills  and  other  minor  ranges  and  hills  occupying  but  a  small  portion 
of  the  county.  It  is  fairly  well  watered  for  a  plains  region.  The  lands 
are  adapted  to  grazing  and  limited  farming  operations,  if  irrigated. 

The  forest  growth  is  scanty,  consisting  principally  of  Yellow  Pine, 
Red  Cedar,  Oak,  and  Cottonwood.  The  Pine  is  found  on  the  Black 
Hills,  in  the  eastern  part  of  the  county,  and  on  detached  spurs  in  the 
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southwestern  portion.    The  Cedar  and  Oak  have  a  scattering  growth 
on  the  low  hills,  and  the  Cottonwood  borders  the  streams. 

About  one-third  of  the  timbered  area  is  fully  stocked.   Forest  fires  have 
\\)eeu  very  destructive,  and  after  a  tire  a  second  growth  rarely  appears, 
yet  there  are  only  five  saw-mills  in  the  county. 

PREMONT   COUNTY. 
(Total  area,  20,957  sqnare  miles ;  estimated  forest  area,  3,300  square  miles.) 

This  is  the  largest  county  in  Wyoming.  It  is  situated  in  the  north- 
western part  of  the  Territory  and  extends  to  both  the  eastern  and  west- 
ern slopes  of  the  main  Kocky  Mountain  range. 

The  topography  of  the  region  is  greatly  varied ;  mountains,  plains, 
valleys,  and  swift- ruunuig  streams  are  leading  features.  "The  Sho- 
shone and  Wind  Eiver  Mountain  ranges  extend  from  the  north  along  the 
west  limit  of  the  county  to  the  Sweetwater  and  Eattlesnake  Ranges  in 
its  southeastern  corner.  The  Wind  and  Sweetwater  Rivers  and  tribu- 
taries of  the  Green  run  through  it,  and  the  Big  Horn  River  forms  a 
part  of  its  eastern  boundary."  In  the  northeastern  part  of  the  county 
there  is  a  broken  and  open  country.  At  the  southwest  the  Colorado 
Desert  occupies  a  considerable  area. 

The  most  extensive  (though  not  the  heaviest)  bodies  of  timber  in  the 
Territory  are  found  in  this  and  the  adjoining  county  of  Uinta. 

From  one-third  to  one-hajf  of  the  forest  area  is  fully  stocked,  good 
for  timber.  Yellow  and  White  Pine,  Lodge-pole  Pine,  Red  Cedar,  and 
Cottonwood  are  the  predominant  species.  The  best  timber  grows  on 
the  higher  elevations.  An  open  growth  of  Pine  and  Cedar  covers  the 
foot-hills.  Dense  groves  of  Cottonwood  are  found  on  the  bottoms,  along 
the  Grey  Bull  and  Big  Horn  Rivers  and  their  tributaries. 

JOHNSON  COUNTY. 
(Total  area,  11,121  square  miles;  estimated  forest  area,  1,800  square  miles.) 

Johnson  County  is  in  the  north  central  portion  of  Wyoming,  border- 
ing on  the  Montana  line. 

The  Big  Horn  range  of  mountains,  which  is  about  100  miles  long  by 
40  to  50  wide,  enters  at  the  northwest  and  extends  nearly  through  the 
county  to  its  southern  border. 

These  mountains  are  quite  high  and  rugged,  and  carry  snow  upon 
their  summits  most  of  the  year.  The  Big  Horn  River,  which  forms  the 
western  boundary  of  the  county,  and  the  Powder  River,  flowing  near 
its  eastern  margin,  are  the  most  important  streams.  Mafly  tributary 
creeks  traverse  the  county  in  other  directions.    The  surface  of  the  east- 

I  em  and  southwestern  parts  is  rough  and  broken.    The  country  lying 
at  the  eastern  base  of  the  mountains  is  undulating  and  susceptible  of 
irrigation.    The  bottoms  along  many  of  the  streams  are  from  one-fourth 
of  a  mile  to  a  mile  in  breadth  and  are  well  adapted  to  agriculture. 
24738— Bull  2 8 
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The  forest;  area,  which  is  comparatively  large,  is  confined  to  the  Big 
Horn  Mountains.  The  principal  species  of  trees  are  the  Yellow  and 
White  Pine,  White  Spruce,  Aspen,  Oak,  Cottonwood,  Box  Elder,  and 
Willow.  The  last  three  grow  on  the  narrow  bottoms  bordering  the 
streams.  White  Pine  is  the  predominant  coniferous  species.  There 
are  from  ten  to  twelve  saw-mills  in  the  county,  and  the  timber  is  being 
rapidly  cut.  The  annual  lumber  product  is  about  8,003,000  feet,  be- 
sides 2,000,000  shingles  and  300,000  laths ;  all  of  which  is  for  local  use. 

LAEAMIE  COUNTY. 
(Total  area,  11,200  square  miles;  estimated  forest  area,  80  square  miles.) 

Tills  county  occupies  the  southeastern  corner  of  Wyoming  and  is  the 
seat  of  the  Territorial  capital,  Cheyenne.  About  three-fourths  of  its 
area  is  a  rolling  plain,  and,  excepting  some  of  the  bottom  lands  along 
the  streams,  it  is  a  grazing  region.  At  the  western  side  the  spurs  and 
foot-hills  of  the  Laramie  range  of  mountains  cover  a  small  portion  of 
this  county.  The  North  Platte  River  flows  in  a  diagonal  course  through 
the  central  part,  and  is  the  principal  stream.  A  number  of  smaller 
rivers  and  creeks  traverse  the  county. 

The  timbered  area  is  extremely  limited.  Some  scattering  Pine  is 
found  on  the  foot-hills  in  the  western  part,  and  narrow  belts  of  the 
Cottonwood  along  the  North  Platte,  Laramie,  Chugwater,  and  other 
streams.  There  is  no  timber  of  suflicient  size  for  the  manufacture  of 
lumber. 

SWEETWATER  COUNTY. 
(Total  area,  10,550  square  miles ;  estimated  forest  area,  40  square  miles.) 

This  county  is  situated  in  the  southwestern  part  of  the  Territory  and 
is,  to  a  large  extent,  barren  and  worthless  for  agricultural  purposes. 
The  northwestern  corner  includes  a  portion  of  the  Colorado  Desert, 
the  central  portion  is  mostly  sandy  and  abounding  with  sage  brush, 
while  at  the  southeast  is  the  Red  Desert.  The  southern  i^art,  border- 
ing on  Colorado  and  Utah,  is  broken  and  sterile.  The  Green  River 
flows  through  the  western  part  of  the  county.  Small  streams  start  from 
the  mountains  at  the  northeast,  but  are  soon  lost  in  sandy  wastes.  The 
county  is  rich  in  coal,  iron,  and  other  minerals,  and  parts  of  it  afford 
good  grazing  for  stock. 

There  are  no  forests  in  the  county.  A  little  Pine  and  Spruce  ui)on 
the  northern  and  southern  borders,  an  open  and  scattering  growth  of 
Cedar  and  Asi)en  on  some  of  the  ridges,  and  a  fringe  of  Cottonwood 
along  a  portton  of  Green  River,  comprise  the  timber  supply. 

UINTA  COUNTY. 

(Total  area,  12,140  square  miles  ;  estimated  forest  area,  2,400  square  miles.) 

Exclusive  of  Yellowstone  Park  at  the  north,  Uinta  County  extends 
across  the  entire  western  border  of  the  Territory.     Three-fourths  of 
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^ts  area  is  mouiitaiuous.  Tbo  principal  ranges  are  the  Wiud  River,  at 
the  nortlieast,  and  the  Teton,  Snake  River,  Salt  River,  and  Bear  River 

mges  along  the  west  lino.    The  connty  has  some  fertile  valleys,  and 

well  watered  by  nnuierous  small  streams  flowing  from  the  mountains. 

The  forest  area  is  large,  but  the  timber  is  inferior  in  size  and  quality. 

V^hite  and  Lodge  pole  Pine  are  the  predominant  species.     They  grow 

hill  and  slender,  the  trunks  of  the  largest  trees  rarely  exceeding  15 

Inches  in  diameter.     A  scattering  growth  of  Red  Cedar  appears  upon 

many  of  the  low"  hills. 

Lumber  and  charcoal  are  manufactured  here  to  some  extent.  Largo 
deposits  of  mineral  coal  are  being  worked  in  the  southern  part  of  the 
county. 

YELLOWSTONE  NATIONAL  PARK. 
(Total  area,  3,250  sq^uare  miles ;  estimated  forest  area,  1,840  square  miles.) 

This  Government  reservation  is  situated  in  the  northwestern  corner 
of  Wyoming,  and  embraces  a  section  of  the  main  Rocky  Mountain 
range  nearly  CO  miles  square.  Tlie  region  is  noted  for  its  magnificent 
scenery.  Its  snow-clad  ranges  and  peaks  are  partially  clothed  with 
pine  forests,  and  overlook  a  number  of  beautiful  lakes  of  great  depth 
and  clearness.  Here  are  found  the  sources  of  rivers  tributary  to  the 
Missouri,  the  Columbia,  and  the  Colorado  of  the  West — great  water 
w^ays  which  seek  the  sea  in  opposite  directions. 

The  predominant  forest  trees  are  White  and  Lodge-pole  Pine.  Occa- 
sionally, upon  the  lower  slopes  of  the  mountains,  the  Yellow  Pino  ap- 
pears. Scattering  growths  of  Red  Cedar  and  Asjieu  are  also  found 
upon  the  foot-hills,  and  Cottonwood  along  the  streams. 

As  this  reservation  is  under  the  special  supervision  of  officers  of  the 
General  Government,  it  is  presumed  the  forests,  as  well  as  other  natu- 
ral features  of  the  region,  will  be  i^reserved, 

COLORADO. 

The  State  of  Colorado  occupies  a  central  and  commanding  i)ositiou 
upon  the  great  interior  plateau,  and  within  its  borders  are  grouped  the 
highestand  most  rugged  of  the  Rocky  Ranges.  It  hasbeen  justly  termed 
"The  Crest  of  the  Continent."  Amid  its  snowy  summits  and  forest- 
clad  mountains  rise  many  of  the  great  streams  constituting  the  water 
systems  of  the  West  and  South.  Its  average  or  mean  elevation  (7,000 
feet  above  sea  level)  is  greater  than  that  of  any  other  portion  of  North 
America.  The  neighboring  Territories  have  a  mean  elevation  as  fol- 
lows :  New  Mexico,  5,G00  feet;  Wyoming,  0,000  feet;  Utah,  5,700  feet; 
Idaho,  4,700  feet;  Montana,  3,000  feet. 

The  State  is  regular  in  outline,  nearly  square,  and  embraces  a  super 
ficial  area  of  100,200  square  miles.  Its  two  great  natural  subdivisions, 
plains  and  mountains,  are  separated  by  a  north  and  south  line  nearh 
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coiucideiit  with  the  one  huudicd  aiul  tilth  iiioridiaii.  Thiec-seventhvS 
of  the  entire  area  lies  east  of  that  line,  within  the  plains  region,  and  is 
a  high,  rolling,  semi-arid  country,  almost  wholly  devoid  of  tind)er,  and 
insulliciently  watered  by  the  South  Platte  and  Arkansas  llivers  an<l 
their  tributaries.  At  the  base  of  the  mountains  it  has  an  elevation  of 
5,000  to  0,000  feet ;  thence  sloping  gradually  to  the  easterti  border, 
where  the  altitude  is  1,000  to  l,nOO  feet  less.  The  western  and  larger 
division  of  the  State  includes  in  its  eastern  i)art  the  Main  Range,  or 
Continental  Divide,  and  almost  numberless  minor  ranges,  spurs,  and 
groups.  Between  these  and  the  Utah  line  is  a  more  open  country. 
broken  by  extensive  plateaus  and  mesas,  detached  mountain  groups, 
isolated  peaks,  hills,  and  buttes.  Large  rivers  traverse  the  region,  bor. 
dered  iu  places  by  broad  and  fertile  valleys,  and  at  other  points  con- 
fined within  deep  and  narrow  canyons. 

"  The  parks  of  Colorado  are  a  distinctive  and  remarkable  feature  oi 
the  mountain  region,  apparently  the  basins  of  former  lakes  ujdieavcd 
and  deprived  of  their  waters  by  volcanic  agency,  with  their  original 
shape  and  situation  at  the  foot  of  high  mountains  undisturbed,  while 
their  lowest  depths  are  from  G,000  to  9,000  feet  above  the  level  of  the 
sea.  Many  of  these  parks  are  small,  being  little  valleys  at  the  sources 
of  single  streams,  or  the  beds  of  small  lakes  into  which  several  streams 
from  the  surrounding  mountains  are  emptied ;  yet  there  are  four  of 
these  elevated  valleys,  the  smallest  of  which  extends  20  bj^  50  miles, 
and  the  largest  100  by  200,  equal  iu  size  to  some  of  the  most  important 
of  the  i^ew  England  States.  These  are  called  the  North  Park,  ]\Iiddlc 
Park,  South  Park,  and  San  Luis  Park." 

In  all  these  parks  are -rich  grazing  lands,  and  in  many  of  them  are 
large  and  productive  agricultural  areas. 

The  principal  rivers  of  the  State  are  the  Arkansas  and  South  Platte 
on  the  eastern  side,  which  find  outlet  through  the  Missouri  and  Missis- 
sippi to  the  Gulf  of  Mexico ;  the  Yampah,  White,  Grand,  Gunnison, 
and  Eio  Dolores  upon  the  Pacific  slope,  tributary  to  the  Colorado 
River  of  the  "West;  and  the  Rio  Grande,  flowing  southward  to  the  Gulf 
of  Mexico.  All  of  these  rivers  have  their  sources  in,  and  are  depend- 
ent upon,  the  central  snowy  ranges.  It  is  instructive  to  note  the  pre- 
l)onderance  of  streams  upon  the  western  slope,  where  the  forests  are 
most  dense,  and  where  occurs  the  greatest  precipitation  of  moi'Sture. 

The  forests  of  Colorado  are  situated  mostly  in  the  western  mountain- 
ous divisions  at  the  higher  elevations.  A  tongue  of  timbered  land  in- 
vades the  mid-eastern  portion  for  a  distance  of  about  30  miles  along 
the  crest  of  the  Arkansas-Platte  divide  j  and  another  tract  of  wooded 
country  extends  for  a  short  distance  into  Las  Animas  County  at  the 
southeast.  The  heaviest  forest  growth  is  iu  the  north  central,  central, 
and  southwestern  parts  of  the  State.  Some  of  the  finest  timber  is 
found  at  the  southwest,  iu  La  Plata  and  Archuleta  Counties.  Much  of 
it  grows  on  high,  rolling  plateaus;  the  trees  are  tall  and  straight;  but 
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little  lUKlergrowili  exists;  and  should  the  land  ever  be  cleared,  it  is 
unlikely  to  revert  to  forest,  and  would  be  suitable  for  agriculture  or 
l)asturage. 
The  forest  flora  of  the  State  is  embraced  in  the  following  list : 

Yellow  Pino  i  Pinus ponderosa  var.  8Copitlo7-um). 

White  Pino  (/'.  flexilis). 

Black  or  Lodge-polo  Pino(/*.  Murrayana). 

Fox- tail  Pino  (P.  DalJ'ouriana  var.  ariatata). 

Piflou  or  Nut  Piuo  (i'.  cdalis). 

Wliito  Spruce  {Picea  Eiujelmanni). 

Blact  Spruce  (P.  Jiijra). 

Silver  or  Blue  Sprnco  {P.  pniKjcna). 

Rod  or  Yellow  Fir  {Pseiidotsuga  Doii/jIasH). 

Wliito  Fir  (Abies  concolor). 

Balsam  {A.  SahaJpina). 

Red  Cedar  (Juniperus  Virginiana), 

Juniper  {J.  oceidcntalis  var.  monosperma). 

Juniper  (J.  communis  var,  alpina).  > 

Cottonwood  {Popidus  moniUfcra).  ~— 

Black  Cottonwood  (P.  angustifoUa). 

White  Cottonwood  {P.  Fremontii). 

Balm  of  Gilead  (P.  halsamifera). 

Aspen  ( P.  tremuloides). 

Box  Elder  {Negundo  aceroides). 

Dwarf  Maple  (Acer  gldbrum). 

Locust  (Roiinia  Neo-Mexicana). 

Mesquit  or  Honey  Locust  (Prosopls  jaliflora). 

White  Oak  (Quercus  grisea). 

Scrub  Oak ',  Q.  M»d«7a<a  var.  Gamhelii). 

'Wi\dV\\\ra(Prunii8  Americana), 

Chickasaw  or  Hog  Plum  (P.  angusttfolia). 

Wild  Cherry  (P.  Pcnnsylvanica'). 

Mountain  Mahogany  (Cercocarpus  parvifoUm). 

Black  Thorn  (Cratagus  tomcntosa). 

Willow  (Salix  lasiandra). 

Sand-bar  Willow  (S.  longifolia). 

Black  Birch  (Betula  oceidcntalis) . 

Black  or  Speckled  Aider  (,Alnu8  incana). 

Yellow  and  White  Pino  and  White  Spruce  are  the  predominant 
species,  and  are  the  most  useful  for  general  purposes.  The  Spruce 
(known  locally  as  "  Ked  Spruce,"  from  the  color  of  its  wood)  grows  at 
higher  elevations  than  the  Pines  and  is  not  so  plentiful  or  so  easily 
obtained  as  the  latter.  ^  Its  wood  is  superior  to  that  of  the  others. 
Pinon,  though  not  forming  extensive  forests,  has  quite  a  wide  range  ia 
the  State,  and  is  largely  used  for  fuel  and  the  manufacture  of  char- 
coal. 

The  consumption  of  lumber  in  the  State  during  the  last  twelve 
months  is  estimated  at  120,000,000  feet,  B.  M.,  two-thirds  being  native 
timber  and  one-third  imported.  For  building  purposes  native  Yellow 
and  White  Pine  and  White  Spruce,  and  White  Pino  from  Michigan 
and  Wisconsin  are  largely  used.     For  lini.shing  and  cabiuet-work  the 
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White  Pino  and  hard  woods  of  the  central,  westein,  and  eastern 
States  are  preferred.  Southern  Pine  is  extensively  used  for  floorin^^. 
Redwood  from  the  Pacific  coast  is  used  to  a  limited  extent  for  some 
purposes.  Red  Cedar  shingles  are  shipped  to  Colorado  from  both  the 
east  and  west.  Long  timbers  for  bridges,  railway  construction,  etc., 
are  not  easily  obtained  here,  nor  are  they  equal  iu  strength  and  dur- 
ability to  those  i)rocured  at  outside  points.  The  Colorado  Midland 
Railway  Company  has  recently  made  purchases  as  follows : 

Oregon  Pine,  3,000,000  feet,  B.  M. ;  Texas  Pine,  500,000  feet,  B.  M. ; 
New  Mexico  Pine,  2,500,000  feet,  B.  M. 

It  is  lioped  that  when  more  direct  railway  communication  is  estab- 
lished between  this  region  and  the  heavily  timbered  portions  of  the 
Pacific  coast  the  lumber  supplies  of  the  latter  will  be  more  freely  drawn 
upon,  lessening  to  that  extent  the  demands  upon  the  scantily  timbered 
districts  of  the  mountains. 

The  agricultural  interests  of  the  State  are  rapidly  increasing,  and 
have  become  of  the  first  importance.  The  dependence  of  farming  oj)- 
erations  upon  irrigation  systems,  and  the  important  relations  existing 
between  them  and  the  streams  and  forests  of  the  mountains,  are  nowhere 
more  apparent  than  in  Colorado.  Tt  is  estimated  that  the  entire  canal 
system  of  the  State  embraces  something  over  800  miles  of  large  canals 
comjileted,  about  200  miles  projected,  and  about  4,000  miles  of  canals 
of  smaller  size.  The  Del  Norte  Canal,  in  the  San  Luis  Yalley,  is  the 
largest  irrigating  canal  in  the  United  States.  "  It  is  65  feet  wide  on 
the  bottom  at  the  head-gate,  carrying  water  5^  feet  deep,  with  side 
slopes  3  to  1,  mating  the  top  width  at  water-line  98  feet.  Four  miles 
from  the  head  it  is  divided,  the  larger  branch  being  42  feet  wide  on  the 
bottom,  and  the  smaller  branch  38  feet  wide.  There  are  about  50  miles 
of  main  channel.  It  carries  something  over  2,400  cubic  feet  of  water 
per  second  and  is  calculated  to  irrigate  over  200,000  acres.  The  extent 
of  territory  in  the  State  covered  by  the  entire  distributive  system  is,  ap- 
proximately, 40,000  square  miles,  constituting  the  bulk  of  the  arable 
land.    The  system  has  cost  in  construction  about  $12,000,000. 

In  mileage  of  canals  and  acreage  irrigated,  Colorado  more  than 
doubles  any  other  State;  its  works  are  the  greatest,  the  most  perma- 
nent, and  the  most  rai)idly  extending. 

This  State  is  the  only  one  which  has  a  constitutional  clause  requiring 
the  enactment  of  laws  to  prevent  the  destruction  of  forests  and  to  keep 
them  in  good  preservation.  Until  within  the  last  three  years,  however, 
but;  little  heed  has  been  paid  to  that  provision.  In  the  summer  and 
autumn  of  1884,  by  a  series  of  published  articles,  the  attention  of  the 
people  was  drawn  to  the  urgent  need  of  protecting  the  forests  of  the 
State  and  enlarging  their  area.  In  November  of  that  year  a  State  for- 
estry association  was  formed,  which  has  done  a  good  work  and  is  still 
in  active  existence.  In  the  winter  of  1884-'85,  by  legislative  enact- 
ment, the  office  of  State  forest  commissioner  was  created,  the  duties  of 
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the  office  defined,  and  the  coauty  commissioners  and  road  overseers 
througliont  the  State  constituted  forest  officers  in  their  respective  lo- 
calities, with  special  duties  relating  to  the  protection  of  forests.  At 
the  same  time  acts  were  passed  imposing  penalties  for  the  willful  or 
careless  setting  of  forest  fires,  for  failure  to  extinguish  camp  fires,  etc., 
and  requiring  the  posting  of  notices  in  public  places  warning  persons 
against  the  violation  of  the  law.  At  the  recent  session  of  tbe  legisla- 
ture (l88G-'87)  the  law  was  made  more  stringent  in  some  respects,  the 
State  forest  commissioner  was  given  a  salary  and  traveling  allowances, 
and  Congress  was  memorialized  upon  the  subject  of  transferring  to  the 
State  the  custody  or  control  of  the  public  forest  lauds  within  her  limits. 
Altogether,  Colorado  has  made  very  substantial  and  gratifying  prog- 
ress in  forest  matters. 

ARAPAHOE  COUNTY. 

(Area,  4,700  square  miles.) 

This  county  is  in  the  northeastern  part  of  the  State^  It  has  no  for- 
est land.  Its  area  consists  mainly  of  gently  rolling  prairie.  The  west- 
ern half  of  the  county  is  quite  well  watered  by  the  South  Platte  River 
and  its  tributaries.  An  extensive  system  of  irrigation  renders  product- 
ive large  bodies  of  laud, 

ARCHULETA  COUNTY. 
(Area,  1,026  square  miles;  estimated  forest  area,  450  square  miles.) 

This  county  is  situated  on  the  southern  line  of  the  State,  and  near  its 
western  border.  Its  surface  is  mountainous,  but  includes  fertile  val- 
leys. The  forest  land  is  well  distributed  ;  every  square  mile  is  said  to 
have  timber  enough  for  needed  purposes. 

The  timber  is  chiefly  Pine,  of  good  quality ;  12  i^er  cent,  is  brush  of 
promising  growth  j  very  little  has  been  made  waste  by  burning.  The 
principal  species  are  Pine,  Cedar,  Spruce,  Cotton-wood,  Piiion,  Oak, 
Aspen,  and  Willow ;  Yellow  Pine  predominates. 

After  the  destruction  of  the  forests,  the  chances  of  their  renewal  are 
slight.  On  mountain  ranges  sloping  to  the  north.  Aspen  usually  fol- 
lows fires  as  a  second  growth. 

No  changes  are  noticed  as  yet  in  the  volume  and  flow  of  water  in 
streams  J  springs  and  running  streams  abound. 

Indians  start  fires  to  drive  the  game  from  some  places  j  they  also  strip 
the  bark  from  standing  Pine  trees  to  obtain  a  pulp  of  sweetish  taste  that 
accumulates  between  the  bark  and  the  wood.  It  is  stated  that  they 
cause  more  destruction  of  timber  than  all  other  agencies  combined. 

The  water  for  irrigation  purposes  is  deemed  insufficient. 

BENT  COUNTY. 

(Area,  9,070  square  miles.) 

Bent  County  lies  upon  the  eastern  border  of  the  State,  and  is  wholly 
within  the  plains  region.    It  is  inadequately  watered  by  the  Arkansas 
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River  and  its  tributaries.  There  are  uo  forests  iu  the  county.  Con- 
siderable land  is  being  brought  under  cultivation,  with  the  aid  of  irri- 
gation. 

BOULDEE  COUNTY. 
(Area,  768  square  miles;  estimated  forest  area,  275  square  miles.) 

This  county  issituated  in  the  north-central  part  of  the  State.  It  is 
bordered  on  the  west  by  the  main  Rocky  Mountain  range,  and  is  well 
watered  by  streams  tributary  to  the  South  Platte  River.  The  western 
half  is  mountainous  and  timbered ;  about  one-third  of  the  timber  is 
good,  and  one-fourth  burned  over,  with  a  young  growth  following.  The 
l^rincipal  arborescent  species  are.  Yellow  and  White  Pine,  Spruce,  and 
Fir.  The  timber  is  scattered  over  nearly  all  of  the  mountainous  por- 
tions of  the  county,  while  along  the  foot  of  the  range  it  is  quite  dense. 
After  forest  fires,  the  second  growth  usually  consists  of  wild  Maple, 
Alder,  and  shrubs. 

The  eastern  third  of  the  county  is  rolling  and  valley-land,  most  of 
which  is  suitable  for  farming  purposes. 

CHAFFEE  COUNTY. 
(Area,  900  square  miles ;  estimated  forest  area,  500  square  miles.) 

This  county,  which  occupies  a  central  position  in  the  State,  is  almost 
surrounded  by  mountain  ranges.  It  contains  a  large  proportion  of  farm- 
ing and  grazing  land,  and  is  abundantly  watered  by  the  Arkansas  River 
and  its  tributaries. 

About  two-thirds  of  the  county  is  timbered.  Near  the  summits  of  the 
mountains  is  Spruce,  below  them  Yellow  Pine,  and  in  the  foot-hills  and 
mesas  PiGon  and  Scrub  Pine  j  along  the  streams  are  Willow — (Black  or 
Narrow-leafed),  Cotton- wood,  and  Aspen.  The  timber  land  is  mainly  sit- 
uated along  the  eastern  slope  of  the  Continental  Divide,  which  forms 
the  western  boundary  of  the  county,  and  in  the  range  of  hills  between 
the  South  Park  and  the  Arkansas  River.  The  timber  in  the  more  open 
valleys  of  the  river  is  largely  Piiion,  great  quantities  of  which  have  been 
cut  and  converted  into  charcoal  for  the  use  of  the  smelters  of  Leadville, 
Pueblo,  and  Denver.  There  are  a  number  of  saw-mills,  and  a  great 
many  railway  cross-ties  are  being  cut.  This  consumes  the  best  part  of 
the  timber. 

CLEAR   CREEK   COUNTY. 

(Area,  450  square  miles;  estimated  forest  area,  200  square  miles.) 

This  is  pre-eminently  a  mountainous  county.  The  main  snowy  range, 
with  an  altitude  of  14,000  feet  and  more,  extends  along  the  entire  western 
boundary.  It  sends  off  lofty  spurs,  many  of  the  peaks  rising  far  above 
the  timber  line,  and  these,  in  parallel  ranges,  traverse  the  county  from 
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west  to  east.    The  surface  of  the  county,  therefore,  is  almost  wholly 
covered  with  lofty  mouutains,  with  narrow  valleys  betweeu. 

The  county  was  originaUv  well  timbered,  the  valleys  and  mountain 
sides,  up  to  the  timber  line,  being  generally  covered  with  a  fine  growth 
of  Pine,  Balsam,  and  Spruce.  Much  of  this  has  been  cut  off,  and  more, 
has  been  destroyed  by  forest  fires,  but  the  supply  is  thought  suflQcient 
for  some  years  to  come,  if  carefully  husbanded.  It  is  believed  that  the 
careless  and  willful  destruction  of  timber  might  be  prevented  by  speedily 
and  surely  punishing  offenders. 

The  amount  of  water  carried  by  the  streams  varies  somewhat  from 
year  to  year,  being  dependent  upon  the  snow-fall.  The  average  amount 
for  a  given  period  of  years  would  remain  about  the  same.  Owing  to 
the  cutting  of  timber  on  the  mountains  the  snow  melts  more  rapidly 
than  formerly,  thus  causing  a  greater  flow  of  water  in  the  early  summer 
and  less  later. 

CONEJOS  COUNTY. 
(Area,  1,:V20  srinare  n.iles;  estimated  forest  area,  300  square  miles.) 

This  county  is  in  southern  Colorado,  bordering  on  the  Territory  of 
Xew  Mexico.  The  western  half  of  the  county  is  mountainous;  the  east- 
ern half  lies  in  the  i?an  Luis  Park,  the  surface  having  a  gradual  descent 
to  the  Kio  Grande  Eiver.  About  three-eighths  of  the  county  is  forest^ 
laud,  located  in  the  range  i'l  the  western  part.  Not  more  than  one- 
eighth  of  the  forest  land  is  well  stocked  with  timber;  one-eighth  is  cov- 
ered with  Aspen  and  one-fifth  is  made  waste  by  burning.  The  forest 
growth  remaining  is  mostly  Pine,  with  some  Spruce  and  Aspen.  Along 
the  streams  in  the  valleys  are  found  Cottonwood  and  Willow. 

Fire  destroys  more  timber  in  one  year  than  would  be  consumed  by 
other  causes  in  ten.  After  the  forests  have  been  destroyed  tliere  is 
very  little  chance  for  their  renewal. 

As  the  trees  are  cut  off  or  burned  there  is  less  water  in  the  streams, 
the  snows  melting  earlier  in  the  spring.  It  is  suggested  that  the  sup- 
ply of  water  might  be  materially  increased  by  the  beaver.  This  little 
animal,  by  a  system  of  dams  and  canals,  stores  immense  quantities  of 
water  in  the  early  summer,  which  comes  down  later  in  the  season. 
Could  the  beaver  be  protected  by  law  on  many  streams  there  would  be 
no  need  of  artificial  storage. 

COSTILLA  COUNTY. 
(Area,  1,450  square  miles;  estimated  forest  area,  450  square  miles.) 

This  county  is  also  on  the  southern  border  of  the  State.  Its  eastern 
boundary  is  formed  by  the  Sangre  do  Christo  and  Culebra  ranges.  The 
Rio  Grande  River  borders  it  on  the  west.  The  San  Luis  Park  extends 
through  a  largo  [)ortion  of  the  county. 

The  forests  are  situated  in  the  northerii  and  eastern  parts,  on  the 
mountains  and  foot-hills.    About  ooe-half  of  the  timber  is  Pinon  and 
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Cedar,  oue  fourth  Piue  and  Spruce,  and  tbe  remainder  consists  of 
burned  tracts  and  belts  of  Cottonwood  along  the  streams.  The  trees 
are  generally  inferior  in  size,  only  a  small  proportion  being  suitable  for 
lumber. 

Fire  is  the  most  destructiv^e  agent  threatening  the  forests ;  railroads 
next.  Some  lumber  is  made,  but  most  of  the  saw-timber  has  been  con- 
sumed. After  the  forests  have  been  destroyed  by  fire  it  is  only  on  the 
northern  hill-sides  that  the  original  growth  starts  again.  Aspen  gen- 
erally follows  after  fire.  Only  in  favorable  situations  do  Spruce  and 
Pine  grow  again. 

During  the  last  twenty  years  the  forest  growth  in  this  county  has 
not  been  siiflSciently  disturbed  to  affect  the  volume  and  flow  of  the 
stream. 

CUSTEE   COUNTY. 
(Area,  T50  square  miles ;  estimated  forest  area,  200  square  miles.) 

This  county,  which  lies  in  the  south  central  part  of  the  State,  is  bor- 
dered on  the  west  and  south  by  the  Sangre  de  Christo  and  Greenhorn 
ranges,  respeclively. 

The  forests  are  situated  mainly  at  the  west  and  south,  in  the  moun- 
tains. Some  timber  is  also  found  on  the  north  and  east  sides.  In  the 
western  i)art  of  the  county,  at  the  foot  of  the  range,  there  is  an  open 
valley,  about  9  miles  wide,  running  the  whole  length  of  the  county.  The 
only  timber  there  consists  of  a  few  Cottonwoods  and  Willows  along  the 
streams.  Pine,  Pinon,  and  Cedar  are  found  on  the  low  hills ;  at  higher 
elevations  are  Spruce,  Balsam,  and  Aspen.  Very  little  has  been  made 
waste  by  burning.  The  best  timber  has  been  cut  off  for  use  at  the  mills. 
The  special  dangers  threatening  the  forests  are  fires  and  lumbering. 
On  the  range  a  secDnd  growth  will  start,  usually  of  the  same  kind  as 
the  first.  On  the  low  hills,  especially  after  fires,  there  is  no  second 
growth. 

IsTo  changes  have  been  observed  in  the  flow  and  volume  of  streams  at 
their  headwaters.  In  the  lower  lands  floods  are  now  frequent  from 
cloud-bursts  or  sudden  rains. 

DELTA  COUNTY. 
(Area,  1,150  square  miles ;  estimated  forest  area,  500  square  miles.) 

This  county  is  situated  in"  the  western  part  of  the  State,  in  a  region 
of  plateaus  and  mesas.  The  Gunnison  and  Uncompahgre  are  its  prin- 
cipal rivers. 

The  timber  consists  of  Pine,  Piiion,  Cedar,  and  Spruce,  the  several 
kinds  being  about  equally  distributed  over  the  slopes  of  the  Grand  and 
other  high  mesas  along  the  western,  northern,  and  eastern  borders  of 
the  county.  There  are  about  10,000  acres  of  Cottonwood  along  the 
Gunnison  River  and  its  tributaries. 
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The  average  raiu-fall  i  s  thought  to  bo  increasing.  The  danger  of  for- 
ests being  destroyed  by  fire  is  not  considered  imminent,  as  they  are 
situated  at  a  high  altitude,  and  where  there  is  considerable  humidity. 

DOLORES  COUNTY. 
(Area,  800  square  miles;  estimated  forest  area,  150  square  miles.) 

The  surface  of  this  county  is  much  broken.  It  includes  mountain 
ranges,  high  mesas  or  table-lands,  and  narrow  valleys  bounded  by  box 
canyons,  or  gently  sloping  hill-sides.  It  is  well  watered  by  the  Dolores 
River  and  its  tributaries. 

The  forest  lands  are  situated  chiefly  in  the  eastern  halfof  thecounty. 
About  two-thirds  of  the  timber  is  Yellow  Pine  and  Spruce ;  the  remain- 
der is  Piuon  and  Aspen.  Only  a  small  percentage  of  the  timber  is  suit- 
able for  lumber,  the  trees  being  small  and  stunted.  Fires  and  the  con- 
sumption for  mining  puri^oses  are  the  special  dangers  threatening  the 
forests.  It  is  said  that  after  the  forests  have  been  destroyed  Nature 
speedily  reproduces  them,  the  liigh  altitude  and  moist  atmosphere  con- 
tributing to  that  end. 

DOUGLAS  COUNTY. 
(Area,  850  square  miles;  estimated  forest  area,  300  square  miles.) 

About  two-fifths  of  the  area  of  this  county  has  a  scattering  growth 
of  timber,  situated  mainly  on  the  north  side  of  the  Arkansas-Platte 
Divide  and  in  the  mountains  to  the  west.  The  timber  on  the  divide  has 
been  cut,  but  considerable  young  timber  is  now  growing.  In  the  mount- 
ains fully  one-half  of  the  timber  has  been  burned.  The  forest  growth 
remaining,  principally  small,  rarely  exceetlsl5  inches  in  diameter.  Pine 
and  spruce  are  the  predominant  species.  Lumbering  has  been  the  great- 
est destroyer  of  timber.  A  new  growth  is  appearing  on  some  of  the  old 
burned  tracts.  This  growth  is  usually  Pine  on  the  south  side  of  the 
mountains  and  Spruce  on  the  north  side.  * 

The  volume  and  flow  of  water  in  the  streams  have  been  affected  by 
various  means  j  such  as  forest  fires,  or  cutting  off  the  timber  at  the 
headwaters  of  the  streams,  or  of  dense  growths  of  timber  and  under- 
brush elsewhere.  Wherever  the  forests  have  been  cleared  off,  the  snow 
melts  rapidly,  giving  a  heavy  flow  of  water  in  early  spring,  and  an 
insufficient  flow  in  the  summer. 

EAGLE  COUNTY. 
(Area,  1,750  square  miles;  estimated  forest  area,  300  square  miles.) 

This  county  is  situated  in  the  northwestern  part  of  the  State.  The 
surface  is  mountainous,  and  includes  fertile  valleys  suited  for  many 
kinds  of  grain  and  vegetables,  especially  those  that  mature  in  a  short 
season.     Mining  and  stock-raising  are  the  chief  industries. 
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The  forests  are  fouud  iu  the  eastern  part  of  the  county.  Two-tifths 
are  said  to  be  good  timber,  one-fifth  brush,  and  two  fifths  made  waste 
by  buruiug.  The  forest  trees  are  of  straight  and  thrifty  growth,  of 
medium  size,  but  mostly  too  small  for  lumbering  purjioses.  The  White 
Pine  and  White  Spruce  predominate. 

Fire  is  the  special  danger  threatening  the  forests.  When  the  forest 
is  destroyed  by  fire  the  ground  is  usually  burned  so  deeply  that  all 
fertility  is  destroyed.  The  second  growth  is  usually  the  same  as  the  firsti 
when  the  land  has  been  burned.  After  ftre,  Aspen  grows  first,  then 
White  Pine,  and  later  Spruce. 

ELBERT  COUNTY. 
(Area,  5,800  square  miles;  estimated  forest  area,  100  square  miles.) 

The  county  is  situated  in  the  eastern  part  of  the  State,  in  the  Plains 
region.  The  western  portion  is  broten,  and  is  fairly  well  watered  by 
tributaries  of  the  South  Platte  River. 

The  limited  amount  of  forest  land  in  this  county  is  lound  mostly  in 
the  northwestern  part.  Lumbermen  have  cut  all  the  good  timber,  and 
the  present  forest  growth  is  small  and  scattering.  Pine  is  the  predom- 
inant species. 

It  is  stated  that  floods  have  become  more  frequent  .since  the  destruc- 
tion of  the  timber. 

EL  PASO   COUNTY. 

(Area,  2,650  square  miles;  estimated  forest  area,  500  square  miles.) 

This  county  occupies  a  central  position  iu  the  State.  The  eastern 
half  (south  of  the  Arkansas-Platte  Divide)  consists  of  undulating 
plains,  with  no  timber  and  very  little  water.  The  elevation  at  the  east 
line  is  4,500  feet,  reaching  to  G,000  feet  in  the  center,  at  the  base  of  the 
Pike's  Peak  range.  The  western  portion,  and  also  that  lying  north  of 
a  line  between  townships  12  and  13,  south,  is  very  mountainous,  reach- 
ing an  elcvatioffof  14,107  feet  at  the  summit  of  Pike's  Peak,  9,250  feet 
at  the  crest  of  the  Ilayi'en  Divide,  and  8,500  feet  at  the  highest  point 
of  the  Arkansas-Platte  Divide.  The  western  and  northern  parts  of  the 
county,  above  an  elevation  of  5,500  feet,  are  in  most  parts  well  timbered 
with  Pine,  Spruce,  Fir,  etc.  The  heaviest  timber  is  found  at  an  alti 
tude  of  G,000  to  10,000  feet;  that  below  C,000  feet  is  mostly  Yellow  Pine, 
Piuon,  Scrub  Oak,  and  Cottonwood. 

FEEMONT  COUNTY. 
(Area,  1,450  square  miles;  estimated  forest  area,  450  square  miles.) 

About  three-fourths  of  the  area  of  this  county  is  mountainous.  The 
county  is  drained  by  numerous  streams,  all  of  which  flow  into  the 
Arkansas  lliver.  The  forest  land  is  situated  mainly  in  the  northern 
and  western  portions.    There  is  very  little  available  timber  large  enough 
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for  lumber,  ami  no  brush  of  promising  growth.  The  forest  growth  is 
Piuou  ami  Pine,  White  Spruce,  Cottonwood  (on  margins  of  streams) 
Aspen,  Scrub  Oak,  Box-Elder  and  Wild  Maple.  Piuou  and  Pine  pre- 
dominate. The  Piuou  and  Oak  make  excellent  fuel ;  the  former  is  also 
used  extensively  in  the  manufacture  of  charcoal. 

Charcoal  burning  is  the  luiiicipal  danger  threatening  the  forests. 
The  prospects  of  renewal  after  the  forests  have  been  destroyed  are  %'ery 
poor.    In  the  mountains  the  second  growth  is  usually  Aspen. 

GAKFIELD  COUNTY. 
(Area,  7,250  square  miles ;  estimated  forest  area,  800  square  miles.) 

This  large  county  is  situated  in  the  plateau  region  of  western  Colorado. 
It  is  watered  by  the  White  and  Grand  Rivers  and  their  numerous  tribu- 
taries. 

From  the  Great  Hogback  west  to  the  head- waters  of  Roan  and  Doug- 
las Creeks,  are  low  sandstone  hills,  covered  with  stunted  Pifiou  and 
Cedar.  The  divide  between  Grand  and  White  Rivers  bears  scattering 
bunebes  of  Spruce  and  Aspen,  the  latter  predominating.  East  of  the 
uaeat  Hogback  are  large  forests  of  Fir,  White  Spruce,  and  Pine;  also, 
in  the  immediate  vicinity  of  White  River  are  groves  of  very  large  Aspen. 
Dwarf  Piiion  and  Cedar  are  found  near  Carbonate  and  west  to  the 
^neat  Hogback,  on  the  divide  between  Grand  and  White  Rivers.  The 
linest  timber  is  said  to  be  situated  in  the  northeast  part  of  the  county, 
on  the  White  Pine  Plateau.  lu  the  higher  altitudes  there  arc  some 
large  bodies  of  timber,  mainly  White  Spruce. 

Fire  is  the  principal  cause  of  the  destruction  of  timber  in  this  county. 
The  law  requiring  the  extinguishment  of  camp-fires  should  be  strictly 
enforced.  The  statemeut  is  made  that  the  CTte  Indians,  who  roam  at 
large  and  make  their  summer  headquarters  in  the  best  timber,  are  re- 
sponsible for  some  of  the  forest  iires.  The  chances  for  renewal,  after 
the  forests  have  been  destroyed  by  fire,  are  few.  Aspen,  if  anything, 
springs  up  after  fire. 

GILPIN  COUNTY. 

(Area,  140  square  miles;  estimated  forest  area,  .'lO  square  miles.) 

This  county  is  situated  in  the  north  central  part  of  the  State,  upon 
the  eastern  slope  of  the  main  range.  The  eastern  portion  is  rugged 
ind  mountainous,  embracing  Bear  Mountains,  South  Hill,  etc.  In  the 
i cntral  and  northern  part  are  low  foot-hills:  the  western  part  rises 
lO  the  summit  of  the  range;  and  the  southern  part  rises  from  North 
Clear  Creek  2,000  to  3,000  feet  to  the  summit  of  the  ridge  between  the 
two  forks  of  Clear  Creek,  which  forms  the  southern  boundary  of  the 
county. 

There  is  but  little  timber  of  importance  in  the  county;  it  has  nearly 
all  been  cut  off  for  mining  purposes  and  fuel.    That  which  is  now  used 
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is  brought  I'loiii  tbe  extreme  western  i);irt  of  blie  county,  at  the  head  of 
North  Clear  Creek.  The  piincipal  green  timber  is  in  the  vicinity  of 
Bear  Mountains,  but  it  will  not  much  exceed  1  square  mile  in  area.  A 
new  growth,  however,  is  rapidly  springing  up  over  about  one  third  of 
the  county.  Of  the  forest  trees  now  remaining,  White  Pine  predomi- 
nates. 

There  are  no  irrigating  ditches  in  the  county,  and  no  farming  land 
except  small  areas  along  the  creeks  and  gulches,  which  iu  general  re- 
quire no  irrigation.  The  volume  of  water  in  the  streams  has  dimin- 
ished to  a  considerable  extent  and  become  more  irregular  in  tiow,  partly 
on  account  of  the  failure  of  springs,  resulting  from  deep  mining,  but 
mainly  because  of  the  clearing  off  the  forests.  As  the  bare  slopes  can 
not  absorb  and  retain  the  rain-fall,  heavy  floods  occur  at  some  seasons 
(summer)  and  there  is  excessive  dryness  at  others. 

GEAND   COUNTY. 

(A.rea,  1,800  square  miles ;  estimated  forest  area,  700  scinare  miles.) 

This  county  is  situated  in  north-central  Colorado.  A  large  portion 
of  its  area  is  covered  by  Middle  Park,  in  which  are  found  the  sources 
of  the  Grand  River.  These  streams  furnish  an  abundant  water  supply. 
The  forests  of  the  county  are  situated  upon  the  surrounding  ranges  and 
upon  the  mountain  spurs  projecting  into  the  Park.  About  three-fifths  of 
the  timber  is  good  for  lumbering  j^urposes;  one-fifth  is  brush  and  sap- 
lings of  promising  growth,  and  the  remainder  has  been  made  waste  by 
fire.  A  peculiarity  of  this  district  is  that  burned  areas  are  soon  retim- 
bered  with  the  original  species.    Sometimes  the  second  growth  is  Aspen. 

The  timber  here  is  better  than  the  average  of  Rocky  Mountain  tim- 
ber, the  trees  running  from  8  inches  to  4  feet  in  diameter  of  trunk,  from 
25  to  75  feet  in  length,  and  suitable  for  lumber,  shingles,  etc.  The 
principal  species  are  Pine,  Spruce  (three  varieties),  Fir  (two  varieties), 
and  Aspen;  Pine  predominates.  Most  of  the  timber  is  at  present  used 
as  logs  and  poles,  but  little  having  been  sawed  into  lumber. 

"  At  the  high  altitude  of  the  forests  in  this  county,  8,000  to  11,000  feet 
above  sea-level,  timber  growth  is  necessarily  slow.  In  some  parts  of 
tbe  forests  snow  lies  until  June,  and  in  many  portions  until  July.  I  can 
point  out  areas  that  had  been  burned  over  a  few  years  previous  to  1863, 
and  upon  which  the  new  pine  growth  was  then  just  started,  or  but  a 
few  feet  high,  which  are  now  thickly  covered  with  trees  10  or  12  inches 
in  diameter  and  from  30  to  50  feet  in  height.  These  are  in  the  middle 
of  the  Park.  The  spruce  forests  at  high  altitudes  are  seldom  burned, 
and  I  can  not  speak  so  confidently  of  their  reproduction.  We  have  had 
no  extensive  fires  for  several  years." 

There  are  no  irrigating  ditches  in  the  county,  except  a  few  very  small 
and  short  ones  belonging  to  individual  ranchmen. 
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GUNNISON  COUNTY. 
(Area,  4,000  sc^uaro  miles;  estimated  forest  area,  1,200  square  miles.) 

This  couuty  is  irregulur  in  outliue,  aud  covers  a  large  area  upon  the 
western  slope  of  the  main  range.  It  is  bordered  on  the  north  by  the 
Elk  Mountains.  The  Gunnison  Kiverand  its  numerous  tributaries  eon 
stitute  the  water  system. 

Tlie  forests  are  situated  mainly  on  the  mountain  slopes  at  the  north 
aud  east.  The  principal  trees  are  Pine,  Spruce,  Cedar,  and  Aspen. 
About  one -fourth  is  brush,  and  as  much  more  has  been  burned  over. 
No  portion  is  fully  stocked.  The  trees  are  usually  3  to  18  inches  in  di- 
ameter. Pine  and  Spruce  predominate.  Cottonwood  and  Alder  grow 
along  the  streams. 

Fire  is  the  principal  destroyer  of  the  forests.  The  renewal  is  slow 
but  stead3^  The  second  growth  is  usually  the  same  as  the  first,  except 
after  fire,  when  Aspen  follows. 

No  particular  change  has  been  observed  iit  the  flow  ^ud  volume  of 
water  iu  the  streams.  The  entire  county  is  well  watered.  There  is  a 
heavy  fall  of  snow  in  the  winter,  an  d  copious  rain-fall  in  the  summer. 

HINSDALE  COUNTY. 
(Area,  1,440  square  miles;  estimated  forest  area,  450  square  miles.) 

This  county  is  situated  in  the  southwestern  part  of  the  State.  It  is 
drained  in  the  northern  portion  by  the  head- waters  of  the  Lake  Fork 
of  the  Gunnison  River  and  Hensou  Creek  ;  in  the  middle  part  by  the 
head-waters  of  the  Rio  Grande  River;  and  in  the  southern  portion  by 
some  of  the  tributaries  of  the  San  Juan  River.  The  main  range,  or 
Continental  Divide,  crosses  the  county  twice,  in  an  east  and  west  direc- 
tion. 

Timber  grows  in  all  of  the  valleys  (which  lie  at  an  altitude  of  about 
7,000  feet)  and  on  the  hillsides  and  mountain  slopes,  to  a  height  of 
11,000  feet.  White  Spruce,  White  and  Yellow  Pine,  and  Aspen  are  the 
principal  species.  Spruce  and  Aspen  predominate.  Only  a  small  pro- 
portion of  the  forest  trees  are  large  enough  for  lumber. 

No  changes  are  observed  in  the  streams,  although  without  doubt  the 
forests  have  a  beneficial  ett'ect  on  the  water  supply.  The  difierence 
here  between  high  and  low  water  is  considerable,  and  the  rise  and  fall 
is  quite  gradual.  Heavy  snows  have  occurred  during  the  last  three 
winters,  resulting  in  plenty  of  water  in  the  streams  through  the  spring 
uid  summer  months. 

HUEKFANO  COUNTY. 
(Area,  1,1G0  square  miles;  estimated  forest  area,  250  square  miles.) 

This  couuty  is  situated  in  southeastern  Colorado.  Upon  its  north- 
western, western,  and  southern  borders  are  mountains  and  foothills 
covered,  to  a  greater  or  less  extent,  with  Pino,  Spruce,  Fir,  Cedar,  and 
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Aspen.  These  portions  also  include  fertile  valleys  and  line  grazing 
lands.  In  the  central  parts  of  the  county  are  low  hills,  covered  with 
Piuon  and  Cedar;  also  table-lands  and  valleys  suitable  for  agriculture. 
In  the  eastern  and  northeastern  portions  are  plains,  on  which  are  found 
scattering  Piiiou  and  Cedar.  It  is  estimated  that  one-fourth  of  the 
forest  land  is  fully  stocked — good  for  timber;  one  eighth  brush  of 
promising  growth,  and  one-eighth  made  waste  by  burning. 

Pine,  Pifion,  and  Cedar  are  the  leading  species.  Brush  and  dwarf 
trees  (mainly  Cedar)  are  scattered  in  clumps  over  the  whole  county, 
but  the  heavy^  timber  is  mostly  in  the  north  and  west,  on  the  Green- 
horn and  Sangre  de  Christo  Mountains.  It  is  stated  that  less  than  one- 
hundredth  part  of  the  forest  area  is  stocked  with  trees  fit  for  timber. 

Forest  fires  are  frequent  in  the  mountains  of  this  county,  destroying 
great  quantities  of  timber. 

JEFFERSON   COUNTY. 
(Area,  760  square  miles;  estimated  forest  area,  175  square  miles.) 

This  county  lies  in  the  north-central  part  of  the  State,  to  the  eastward 
of  and  at  an  average  distance  of  25  miles  from  the  main  Rocky  Mountain 
range.  In  the  eastern  half  of  the  county  are  plains  and  low  foot-hills ; 
the  remainder  is  mountainous,  and  includes  the  narrow  valleys  of  Coal, 
Clear,  Bear,  Elk,  Cub,  and  Turkey  Creeks,  and  the  South  Platte  River. 

"About  400  square  miles  in  the  mountains  are  two-thirds  clad  with 
forest.  Not  over  150  square  miles  abound  in  good  timber.  About  40 
square  miles  is  burned,  dead,  or  wasted  timber  land ;  the  rest  is  cleared 
or  covered  with  young  Poplar,  Pine,  or  Spruce.  The  proportion  of  forest 
to  other  lands  is  about  one-fifth." 

The  principal  species  of  forest  trees  are  Yellow,  Fox-tail,  and  Scrub 
Pine,  White  Fir,  Douglas  Fir,  Piuon,  Cottonwood,  Aspen,  Hackberry, 
and  Box-elder. 

"  Fires  have  destroyed  in  twenty  years  more  timber  than  has  been 
used  in  that  time  for  lumber  and  fuel.  The  only  protection  possible  is 
by  a  skillful  body  of  forest  police,  to  be  established  by  the  State,  either 
alone,  or  in  cooperation  with  the  General  Government.  Such  a  police 
force  should  not  only  prevent  destructive  fires,  but  should  have  rigid 
supervision  of  mills  sawing  lumber  on  public  lands.  There  should  be 
penalties  for  the  careless  use  of  fire  by  hunters,  mill-men,  and  others. 
There  is  a  feeling  of  general  indifference,  unless  aroused  by  self-inter- 
est, concerning  such  fires.  No  one  should  be  allowed  to  waste  the 
forests  any  more  than  other  public  property. 

The  chances  for  the  renewal  of  forests  are  good,  if  fires  are  prevented 
from  burning  the  waste  and  remnants  of  lumbering  and  clearing.  The 
second  growth  is  Aspen,  the  two  kinds  of  Pine  common  everywhere, 
and  Douglas  and  White  Fir.  After  fires  follow  Aspen,  with  low  Vine 
Maples  and  Willows^  then  common  Pine. 
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For  several  years  after  1860 1  noticed  changes  in  the  volume  of  water 
ill  the  streams.  Since  1870  1  have  observed  that  a  hirge  growth  of 
Pine  and  Poplar  clothes  the  burned  surface  of  the  mountains  on  Bear 
and  Clear  Creeks,  thus  rendering  sudden  floods  less  violent  than  for- 
merly. Since  1879  Clear  Creek  has  had  a  more  steady  flow.  I  gauged 
that  creek  very  closely  from  18G0  to  1872.  I  think  the  water  supply  in 
the  months  of  August,  September,  and  October  of  those  j'ears  de- 
creased. This  was  due,  I  think,  to  mining  and  the  clearing  of  timber. 
Since  that  time  a  slight  increase  is  perceived. 

LAKE  COUNTY. 

(Area,  420  square  miles ;  estimated  forest  area,  200  square  miles.  ^ 
This  county,  of  which  Loadville  is  the  county  seat,  is  situated  at  a 
high  elevation  in  the  mountain  ranges  of  central  Colorado.     Within  its 
borders  are  a  number  of  small  lakes ;  and  here  also  are  the  sources  of 
the  Arkansas  Eiver. 

The  forest  lands  of  the  county  are  mainly  on  the  mountains  forming 
its  eastern  and  western  borders.  About  one-fourth  of  the  forest  land 
is  fully  stocked,  good  for  timber;  one-fourth  is  brush  of  promising 
growth,  and  the  remainder  has  been  made  waste  by  burning.  Piueand 
Spruce  are  the  predominant  trees. 

Very  destructive  forest  fires  have  occurred  in  this  county.  After  the 
destruction  of  the  forests  there  is  but  little  chance  for  their  renewal. 

LA  PLATA  COUNTY. 
(Area,  4,000  square  miles;  estimated  forest  area,  1,500  square  miles.) 

This  county,  in  southwestern  Colorado,  is  05  miles  in  extent  from  east 
to  west,  by  42  fpom  north  to  south,  and  is  situated  on  the  southern  slope 
of  the  San  Juan  Mountains.  Its  streams  flow  southward  from  fertile 
valleys,  the  principal  ones  being  the  Piedra,  Los  Pinos,  Florida,  Ani- 
mas, La  Plata,  Mancos,  Montezuma,  and  Dolores.  The  elevations  are 
from  4,800  to  14,056  feet  above  the  sea.  The  general  altitude  of  the  ag- 
ricultural belt  is  6,500  feet.  The  northern  part  of  the  county  is  rugged 
and  broken,  but  the  southern  slope,  dropping  into  long  mesas  and  broad 
valleys,  is  well  adapted  to  grazing  and  agriculture. 

The  northern  and  western  portions  of  the  county  are  well  timbered. 
About  65  per  cent,  of  the  same  is  fully  stocked ;  25  per  cent,  is  brush  of 
promising  growth,  and  the  remainder  made  waste  by  burning. 

The  forest  growth  is  Spruce  and  Fir,  large  and  abundant,  in  the 
mountains;  excellent  Pine  in  the  middle  belt;  and  Cedar  and  Piiion  in 
the  south,  interspersed  with  broad  stretches  of  sage  brush.  After  the 
destruction  of  forests,  especially  when  caused  by  fire,  their  renewal  is 
very  slow. 

The  volume  of  water  in  the  streams  of  the  county  has  not  changed, 
but  high  water  is  higher  and  low  water  ig  lower  than  formerly,  duo  per- 
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haps  to  loss  of  timber,  causing  less  absorption  and  a  more  rapid  flowing 
off  of  rain-fall.  The  forests  cause  a  greater  rainfall,  and  absorb  and 
more  evenly  discbarge  the  water  supply. 

The  snow-fall  atDurango  is  often  C  feet  in  depth,  beginning  about  the 
1st  of  December  and  lasting  until  the  1st  of  April.  Ih  the  mountains 
the  fall  in  1882-'83  was  45  feet,  beginning  on  the  Ist  of  October  and 
lasting  until  the  1st  of  May. 

LARIMER  COUNTY. 
(Area,  4,000  square  miles ;  estimated  forest  area,  700  square  miles.) 

This  county,  lying  immediately  east  of  the  main  Kocky  Mountain 
range,  upon  the  northern  border  of  the  State,  includes  within  its  limits 
North  Park.  Its  surface  is  greatly  varied,  embracing  plains,  mountains, 
and  valleys.  From  range  lines  69  and  70,  in  the  eastern  part  of  the 
county,  the  country  rises  rapidly  to  the  summit  of  the  Medicine  Bow 
range,  thence  falls  to  the  center  of  North  Park,  and  rises  again  to  the 
crest  of  the  main  range  or  Continental  Divide.  The  prominent  streams 
are  the  Little  Thompson,  Big  Thompson,  Cache  laPoudre,  Big  Laramie, 
and  the  North  Fork  of  Platte  River. 

The  heaviest  timber  in  the  county  runs  through  the  central  part,  cov- 
ering the  Medicine  Bow  range  and  the  northern  and  eastern  slopes  of  the 
Continental  Divide.  Of  the  entire  forest  area  about  300  square  miles 
is  fully  stocked — good  for  timber,  although  the  timber  would  not  be 
considered  first-class  for  commercial  purposes,  it  ranging  from  saplings 
to  trees  2  feet  in  diameter.  White  and  Black  Pine,  White  Spruce,  and 
Hemlock  are  the  predominant  species.  Cottonwood  is  found  along  the 
streams  in  the  valleys,  and  Aspen  in  places  on  the  mountain  slopes. 

Forest  fires  and  the  consumption  and  waste  for  railway  purposes  are 
the  greatest  dangers  threatening  the  forests.  There  is  very  little  chance 
for  renewal  after  the  forests  have  been  destroyed.  It  is  stated  that  60 
sections  of  forest  land  were  burned  over  in  the  summer  of  1886. 

LAS  ANIMAS  COUNTY. 
(Area,  6,500  square  miles;  estimated  forest  area,  500  square  miles.) 

This  county,  situated  in  the  southeastern  corner  of  the  State,  em- 
braces four  distinct  topographical  regions,  viz : 

First,  the  Park  Plateau,  which  includes  about  800  square  miles  in  the 
extreme  western  part  of  the  county,  sloping  from  the  Culebra  Mount- 
ains eastward  to  Trinidad.  Its  elevation  is  6,500  to  10,000  feet,  and  it 
consists  of  a  sloping  plain,  broken  by  numerous  canyons  into  narrow  and 
rocky  ridges. 

Second,  the  Eaton  Hills,  embracing  a  strip  of  basalt-covered  Mesa, 
from  6  to  15  miles  wide,  and  120  miles  long,  extending  along  the  south- 
ern boundary  of  the  State,  from  Trinidad  eastward.  Elevation  6,000 
to  9,000  feet ;  area,  IjOQQ  gquare  miles. 
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Third,  the  "  Plains,"  comprising  au  area  of  3,000  square  miles,  iii- 
cludiug  nearly  the  entire  eastern  half  of  the  county.  This  is  a  flat, 
nearly  level  country,  sloping  to  the  east.  About  05  per  cent,  of  its  are>i 
has  a  rich,  loamy  soil ;  the  remaining  5  i)er  cent,  is  sandy.  There  is  no 
water  for  irrigation.     Elevation,  4,500  to  5,000  feet. 

Fourth,  the  west-central  division,  or  Purgatoire  region,  embraces  an 
area  of  about  2,400  square  miles,  mostly  of  rougb,  broken  i)rairie.  Ele- 
vation, 5,000  to  6,300  feet.  The  drainage  is  to  the  northeast,  by  the 
Purgatoire  and  Apishipa  Rivers,  through  deep,  narrow  canyons. 

The  forest  lands  are  situated  mainly  in  the  western  partof  the  county. 

There  are  small  forest  areas  in  the  Katon  Hills,  and  a'ong  the  canyon 
of  the  Purgatoire  River.  But  a  small  proportion  of  the  forest  is  fully 
stocked — good  for  timber,  and  probably  one-sixth  has  been  made  waste 
by  fire. 

The  principal  species  of  trees  are:  On  the  southern  slopes,  at  about 
9,500  feet  elevation,  Aspen ;  from  8,000  to  9,000  feet.  Yellow  Pine  and 
White  Spruce;  from  5,000  to  7,000  feet,  Piaon  and  Cedar.  On  north- 
ern slopes,  the  range  of  each  species  is  1,000  feet  lower.  Aloug  the 
streams  are  found  Box  Elder,  Cottonwood,  and  Willow  at  various  ele- 
vations; in  the  higher  altitudes  Pine  and  Spruce  predominate. 

Lumbering  and  fires  are  the  special  dangers  threatening  the  forests. 
Fully  one-third  of  all  the  Pine  timber  in  the  county  has  been  cut  and 
removed.  Destructive  forest  fires  are  likely  to  occur  from  the  dead  tops 
and  lops  of  trees  cut  for  lumber  and  left  scattered  on  the  ground,  al- 
tliough  during  the  last  few  years  such  fires  have  been  infrequent.  After 
the  forests  have  been  destroyed,  the  chances  for  their  renewal  are  very 
slight,  except  in  comparatively  moist  situations  above  9,000  feet  eleva- 
tion.   The  second  growth  is  usually  Aspen  or  Scrub  Oak. 

LOGAN  COUNTY. 

(Area,  3,000  square  miles.; 

This  is  a  newly  organized  county,  and  is  situated  in  the  Plains  region, 
in  the  northeastern  corner  of  the  State.  The  South  Platte  River  flows 
through  it.  It  has  no  forests.  The  county  is  being  rapidly  settled  by 
a  good  class  of  farmers,  and  the  subject  of  tree-planting  is  likely  to  re- 
ceive due  attention. 

MESA  COUNTY. 
(Area,  3,850  square  miles ;  estimated  forest  area,  275  square  miles.; 

This  county  is  situated  upon  the  western  border  of  the  State.  It  is 
watered  by  the  Grand,  Gunnison,  and  Rio  Dolores  Rivers,  and  their 
tributaries.  The  valley  of  the  Grand  River,  which  is  here  from  8  to  10 
miles  long  and  30  miles  wide,  constitutes  the  main  body  of  arable  land  in 
the  county.  East  of  Grand  Junction,  the  Graud  Mesa,  9,000  to  10,000 
feet  above  the  eea,  and  Plateau  Creek  Valley,  0,000  to  8,000  feet  elevi^. 
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tioii,  Mv  com'h.mI  iiioslly  with  (luiss,  Ci'dar,  and  Pifjou.     Th3  county  is 
broken  Ity  ^\v^'\>  canvoiis,  but  a  Holds  ^^ood  ran;;!',  for  stcck. 

The  main  body  of  timber  is  on  Tifion  Mesa,  the  head  waters  of  East 
aiid  West  and  IJio  1  )ominj;nez  Creeks.  South  of  the  (jrand  aud  Gun- 
nison liivers,  Yellow  Pine  and  Sjtrnce  abound.  A  {i;r^'at  i)art  of  the 
county,  outside  of  (iiand  \  alley,  is  covered  with  a  scattering  growth  of 
Pine  ami  IMnon.  'I'here  is  but  little  jiood  tind)er.  Along  some  of  the 
streams  are  found  Cottonwood  and  Pox  lOldei'.  Aspen  is  i)leutiful  in 
sonn,'  localities. 

MON'rifOSi:   COl  NTY. 

Aica.  'J, (lilt  si|iiait'  miles:  cstiiiiattd  lurcst  area,  (!1()  H([uaro  miles.) 

This  county  adjoins  ,"\resa  County  at  tiie  south  and  east.  The  Gunni- 
son, rnconipahgre,  San  Miguel,  and  Ilio  Dolores  are  its  principal  rivers. 

I'he  forest  land  is  situated  mainly  in  the  central  ])art  of  the  county. 
About  one  lil'th  of  its  area  includes  good  timber.  There  is  no  brush  of 
l)romising  growth,  and  no  portion  made  waste  by  lire.  Tlie  trees  are 
mostly  Pine  and  Spruce  of  good  size  and  (juality.  Asjjen,  Cottonwood, 
ami  Oak  are  small. 

Pumbering  is  the  special  danger  threatening  the  forests.  If  they  are 
destroyed  it  is  doubtful  if  tliey  will  ev(>r  be  renewed. 

OLrjAY    COUNTY. 

(Ana,  I'.K)  siinan;  miles;  estiinateil  forest  area,  110  s(iuare  miles.) 

This  county  is  situated  in  southwestern  Colorado,  upon  the  western 
slope  of  the  Main  Jlange.  The  timl)er  is  i)retty  well  distributed;  it  is 
said  the  best  is  found  in  the  vicinity  of  Ouray,  and  in  the  northwestern 
part  of  the  county.  The  ibrest  growth  consists  of  Yellow  Pine,  Fir, 
Pinon,  Cedar,  Cottonwood,  Pox  l']l(ler,  As])en,  and  Oak.  Spruce  and 
As[)eii  ])re(lomiinite  in  the  mountains;  on  the  hill  sides,  Cedar  and 
Pi  Hon. 

Aftei'  the  tbrests  have  been  destroyed  the  second  growth,  if  any,  is 
usually  Cedar  and  Pinon.  It  is  ditlicult  for  trees  of  any  kind  to  start 
after  lire  has  run  over  the  ground. 

PARK   COUNTY. 

(Ar<'a,  ".'l/JOO  s(|iiare  mil(;s  ;  <'stimaled  (brest  area,  (JOO  .s(niaro  miles.) 

This  county  is  in  the  geographical  center  of  the  State.  A  maguili- 
cent  mountain  park,  called  South  l*ark,  covers  a  large  part  of  its  area. 
On  the  west  it  is  bordered  by  the  ^lain  liange.  The  principal  streams 
which  find  outlet  at  the  northeast  are  Tarryall  Creek  and  the  North 
and  ^Middle  Forks  of  the  South  Platte  Eiver. 

The  forest  land  of  the  county  lies  chiefly  upon  its  western  and  north- 
ern borders.  The  timber  consists  largely  of  Pine  and  Spruce,  the  lat- 
ter predominating.     Of  tjip  forest  area  about  one-fourth  is  good  timber, 
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and  about  one  eighth  made  waste  by  fire.    The  remainder  is  composed 
of  small  growth  and  brush. 

Concerning  the  effect  of  forests  upon  the  water  supply,  ii  is  stated 
that  many  of  the  small  streams  which  were  never  known  to  fail  in 
1873-'84,  and  prior  to  that  time,  now  fail  about  the  last  of  July  or  the 
the  first  of  August.  It  is  believed  by  some  that  the  snow-fall  is  lighter 
than  in  former  years. 

PITKIN   COUNTY. 
(Area,  1,090  sqnare  miles ;  estimated  forest  area,  540  sqnare  miles.) 

This  county  is  situated  in  west-central  Colorado.  It  is  boi'dered  upon 
the  east  and  southwest  by  the  Saguache  and  Elk  Ranges,  respectively. 
It  is  abundantly  watered  by  the  Hearing  Fork  River  and  its  tributa- 
ries. 

The  forests  are  well  distributed  over  the  county,  the  heaviest  timber 
being  found  in  the  mountains.  Pine,  Spruce,  PiGon,  und  Cedar  are 
the  principal  species.    They  vary  greatly  in  size ;  Pine  predominates. 

Fire,  lumbering,  and  snow  slides  have  been  destructive  to  the  forests ; 
,as  yet  railroads  have  caused  little  injury.    The  chances  for  renewal 

ter  the  forests  have  been  destroyed  are  poor.  Scrub  Oak,  Aspen, 
Cottonwood,  and  various  other  small  trees  and  shrubs  constitute  the 
^Becoud  growth. 

No  changes  have  been  observed  in  the  volume  of  water  in  the  streams, 
uhat  is  largely  influenced  by  the  fall  of  snow  in  the  mountains. 

PUEBLO   COUNTY. 

(Area,  3,350  sqnare  miles;  estimated  forest  area,  125  sqnare  miles.) 

This  county,  which  borders  the  Plains  Region  in  southeastern  Colo- 
[rado,  is  drained  by  the  Arkansas  River.  About  four  townships  in  the 
louth western  corner  are  mountainous ;  the  remainder  of  the  county 
[eonsists  of  plains  much  broken  by  bluffs  or  buttes,  and  deep,  rocky 
[ravines.  Most  of  the  county  east,  southeast,  and  north  of  the  city  of 
[Pueblo  lies  in  fair  shape  for  cultivation. 

The  forest  lands  are  mostly  situated  in  the  valleys  of  the  Arkansas, 
[Huerfano,  Saint  Charles,  Fontaine  qui  Bouille,  and  in  the  western  and 
southern  parts  of  the  county.    A  small  portion,  perhaps  one-tenth,  is 
[folly  stocked ;  good  for  timber. 

Cottonwood  is  found  in  the  valleys.  Pine,  Piuon,  Cedar  and  Spruce 

the  high  lands.    The  estimated  area  of  forest  lands  includes  the 

[Cedar  Bluffs,  which  are  properly  timber  lands,  and  probably  more  val- 

rnable  than  any  other,  as  the  wood  is  used  extensively  for  fencing.    The 

[Cottonwood  timber  is  but  little  used.    In  the  southwestern  part  of  the 

Bounty  there  are  Pine  and  Spruce,  but  limited  in  amount;  also  some 

)ak  and  Aspen.    That  portion  of  the  county  has  furnished  the  inhabi- 

wts  with  timber  and  lumber  for  more  than  twenty  years. 
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The  prospects  for  renewal  of  the  forests  after  they  have  been  destroyed 
are  not  promising,  especially  on  the  Cedar  and  Piuon  lands.  The  second 
growth  is  usually  the  same  as  the  original. 

The  flow  of  water  in  the  streams  is  more  intermittent  than  formerly 

RIO  GEANDE  COUNTY. 

(Area  1,300  sqaare  miles ;  estimated  forest  area,  275  sqnaro  miles.) 

This  county  is  situated  ia  the  southwestern  part  of  the  State.  The 
river  Eio  Grande  del  Norte  enters  near  the  northwest  corner  and  flows 
through  the  county  in  a  southeasterly  direction.  The  valleys  of  the 
llio  Grande  and  its  tributaries  include  good  agricultural  land,  and  the 
most  easterly  tier  of  townships  are  of  like  character.  The  remainder, 
and  especially  the  western  portion,  is  mountainous  and  covered  with 
Spruce,  Aspen,  Pine,  PiSon,  and  Cedar  timber.  The  narrow-leafed 
Cottonwood  grows  abundantly  and  luxuriantly  in  the  Eio  Grande  Val- 
ley, east  of  the  South  Fork. 

Some  years  ago  the  Dte  Indians  destroyed  many  forest  trees  by  ro- 
raoving'the  bark;  they  also  caused  many  forest  fires.  Of  late  years 
lumbermen  have  taken  more  or  less  of  the  timber,  and  mining  opera- 
tions have  been  very  destructive  to  forest  growth. 

The  flow  of  water  in  the  streams  early  in  the  spring  is  greater  than 
formerly,  probably  owing  to  destruction  of  the  forests,  which  occasions 
early  melting  of  the  snows. 

ROUTT   COUNTY. 
(Area,  6,200  square  miles;  estimated  forest  area,  1,050  square  miles.) 

This  county  is  situated  in  the  northwest  corner  of  the  State.  It  is 
traversed  from  east  to  west  by  the  Yampah  Eiver.  This,  with  its  trib- 
utary streams,  constitutes  its  water  system.  The  surface  of  the  county 
is  mountainous;  the  valleys  for  the  most  part  are  deep,  and  from  one 
half  to  one  and  a  half  miles  wide.  Several  large  parks  are  included 
within  its  boundaries. 

The  forests  are  found  mostly  in  the  eastern  part  -and  in  the  north- 
western corner.  The  heaviest  timber  grows  in  the  main  range,  extend- 
ing along  the  eastern  border  of  the  county.  About  25  per  cent,  of  the 
forest  area  is  good  growing  timber;  25  per  cent.  Aspen  and  Oak-brush, 
good  mainly  for  fuel;  and  the  remainder  has  been  killed  by  fire. 

The  timber  consists  of  Pine,  Spruce,  Balsam,  Aspen,  and,  along  the 
streams,  Cottonwood.  There  are  some  fine  trees,  but  of  medium  size. 
Pine  and  Spruce  predominate. 

SAGUACHE   COUNTY. 
(Area,  3,150  square  miles;  estimated  forest  area,  1,175  square  miles.) 

This  county  is  situated  in  south-central  Colorado.  The  Sangre  de 
Christo  Eange  forms  its  eastern  boundary,  and  the  Main  Eange  passes 
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diagonally  through  tho  western  portion.  The  San  Lnis  and  Saguache 
.  Bivers  and  Cochetopa  Creek  are  its  principal  streams. 

The  timber  lands  are  mainly  on  the  mountain  ranges  at  tlie  north 
and  east.  The  forest  growth  consists  of  medium-size  Pine,  Spruce, 
PiSon,  and  Cedar,  with  Cottonwood  in  the  valleys  along  the  streams. 
About  one- tenth  of  the  forest  area  is  fully  stocked;  good  for  timbei'. 

Railroads  and  fires  are  the  principal  dangers  threatening  the  forests. 
The  replacement  of  forest  growth  is  very  slow.  The  second  growth  is 
usually  the  same  as  the  original.  The  adoption  of  measures  for  the 
prevention  of  forest  fires  is  strongly  urged. 

No  particular  changes  in  the  flow  and  volume  of  water  have  been  ob- 
served.   High  water  has  prevailed  during  the  past  three  seasons. 

SAN  JUAN  COUNTY. 
(Area,  450  square  miles;  estimated  forest  area,  100  square  miles.) 

This  county  is  situated  in  southwestern  Colorado,  in_  the  San  Juan 
Mountains,  which  form  a  part  of  the  Main  Range.  Nearly  one-half  of 
the  area  of  this  county  is  above  the  timber  line.  Its  elevation  is  from 
8,400  to  14,000  feet  above  sea-level.  It  is  drained  by  the  Animas  River 
and  tributaries,  excepting  a  small  portion  on  the  east,  whicli  is  drained 
by  the  headwaters  of  the  Rio  Grande. 

Timber  is  found  on  nearly  two  thirds  of  the  area  below  the  timber 
line,  which  equals  about  one-third  the  total  area  of  the  county. 

The  forest  growth  consists  principally  of  Pine,  Spruce,  Balsam,  and 
Aspen,  and  is  situated  in  the  valleys  and  on  the  lower  parts  of  the 
mountains.  Fifty  to  75  per  cent,  of  the  forest  is  said  to  be  good  timber, 
the  trees  having  an  average  diameter  of  12  to  24  inches.  About  20  per 
cent,  has  been  made  waste  by  burning.  There  is  very  little  brush  or 
new  growth. 

The  second  growth,  if  any,  is  Aspen.  Much  of  the  timber  is  in- 
accessible. That  which  can  be  reached  is  likely  to  be  used,  as  at  present, 
for  mining  i)urposes  and  fuel.  Lumber  for  building  is  now  obtained 
from  the  adjoining  county  of  La  Plata. 

The  county  lies  at  so  high  an  altitude  that  there  is  scarcely  any 
agriculture.  The  land  in  cultivation  embraces  about  one  and  a  half 
acres. 

SAN  MIGUEL  COUNTY. 

(Area,  1,375  square  miles;  estimated  forest  area,  260  square  miles.) 

This  county  lies  in  southwestern  Colorado,  its  western  extremity 
reaching  the  Utah  line.  Its  surface  descends  toward  the  northwest. 
The  principal  streams  are  the  Dolores  River  and  tributaries,  most  of 
which  flow  through  canons,  with  precipitous  banks.  The  San  Miguel 
Mountains,  a  high  range,  form  the  east  and  southeastern  boundaries  of 
the  county. 
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In  the  eastern  part  of  the  county  is  a  dense  growth  of  Spruce  and 
Aspen,  about  10  per  cent,  of  the  first  named  being  good  saw-tim- 
ber. 

The  western  part  of  the  county  is  mostly  mesa  land,  with  scattering 
Piiion  and  Cedar,  and  in  some  parts  a  heavy  undergrowth  of  Oak-brush. 
White  Spruce  is  the  predominant  wood  in  the  county. 

The  timber  line  varies  from  10,500  to  11,000  feet.  From  the  timber 
line  down  to  about  9,000  feet  the  timber  is  chiefly  Spruce  and  Fir ; 
from  9,000  to  8,000,  Aspen ;  8,000  to  7,000,  Aspen  and  Pine ;  7,000  to 
G,000,  Aspen,  Piiion,  Scrub  Oak,  and  Cottonwood.  The  mesas  are 
mostly  devoid  of  timber,  except  occasional  groves  of  Aspen  on  the 
higher  ones. 

SUMMIT  COUNTY. 
(Area,  750  square  miles;  estimated  forest  area,  875  square  miles.) 

This  county  is  situated  in  the  north-central  part  of  the  State,  on  the 
western  slope  of  the  main  range.  The  forests  are  located  mainly  on 
the  mountain  slopes  at  the  east  and  south,  and  along  the  streams.  The 
best  timber  is  found  in  the  mountain  region.  The  forest  growth  con- 
sists of  White  Spruce,  Balsam,  Pine,  Hemlock,  Cedar,  Pifion,  Aspen, 
Narrow-leafed  Cottonwood,  Black  Birch,  Alder,  and  Willow.  The 
Spruce,  Pine,  Hemlock,  and  Balsam  grow  large  enough  for  lumber. 

The  special  dangers  threatening  the  forests  are  lumbering,  railroads, 
and  the  careless  use  of  fire  by  campers  and  mill  employes.  Quite  a 
large  part  of  the  forest  on  the  northeast  side  of  Blue  Eiver  has  been 
burned  over;  also  that  on  the  Snake  River,  a  tributary  of  the  former. 
It  is  stated  that  before  the  settlement  of  the  county  forest  fires  destroyed 
CO  square  miles  of  timber.  There  are  in  some  places  promising  second 
growths,  whicli  are  usually  Pine,  Spruce,  and  Aspen.  After  fire,  Aspen 
usually  follows,  although  in  many  places,  on  southern  exposures.  Pine 
is  the  most  abundant. 

As  yet  there  is  no  noticeable  change  in  the  flow  of  water  in  the 
streams.  The  existing  forest  affords  ample  protection  to  the  snow  from 
solar  heat,  while  the  high  altitude  also  prevents  rapid  melting.  The 
lowest  elevation  in  the  county,  near  Blue  River  bridge  at  Green 
Mountain,  is  7,600  feet. 

For  the  more  adequate  i)rotection  of  forests,  it  is  said  the  people 
should  be  taught  the  importance  of  preventing  forest  fires,  and  that 
notices  relating  to  the  extinguishment  of  camp  fires,  etc.,  should  be 
posted  in  all  prominent  places.  People  are  more  careless  than  mali- 
cious in  allowing  fires  to  spread. 

"Keep  up  the  cry,  'Preser%^e  the  forests,'  and  the  people  will  heed  it 
after  awhile;  you  can  not  coerce,  but  it  is  possible  to  teach." 

There  is  no  land  in  the  county  suitable  for  agriculture,  and  there  are 
no  irrigating  ditches. 
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WASHINGTON  COUNTY. 

(Area  2,220  square  miles. ) 

This  is  a  newly  organized  county,  in  the  plains  region  of  northeast 
Colorado.  It  has  no  native  timber,  unless  it  is  a  slight  growth  of  Cot. 
tonwood  along  some  of  the  streams. 

WELD  COUNTY. 
(Area,  5,300  square  miles.) 

This  county  is  situated  in  the  northeastern  part  of  the  State.  Its  sur- 
face is  mostly  rolling  plains,  intersected  by  the  South  Platte,  Cache  la 
Poudre,  Big  and  Little  Thompson,  and  St.  Vrain  Rivers,  and  numerous 
small  creeks.  There  is  but  little  timber  in  the  county  except  a  scatter- 
ing growth  of  Cottonwood  along  the  Platte  River,  which  extends  through 
the  county  from  west  to  east.  There  are  small  groves  of  Cottonwood 
and  fruit  and  ornamental  trees  in  union  colony,  Greeley. 

NEW  MEXICO. 

The  Territory  of  New  Mexico  extends  from  the  thirty- second  to  the 
thirty-seventh  degree  of  latitude,  and  from  the  one  hundred  and  third 
to  the  one  hundred  and  ninth  parallel  of  longitude — embracing  a  super- 
ficial area  of  122,500  square  miles.  It  has  the  form  of  a  parallelogram, 
with  sides  350  miles  in  length.  It  is  situated  upon  the  southeastern 
border  of  ine  Rocky  Mountain  plateaus,  and  has  au  average  or  mean 
elevation  of  5,G00  feet  above  the  level  of  the  sea.  The  principal  surface 
features  of  the  country  are  extensive  table-lauds,  or  mesas,  wide  and 
sandy  plains,  mountains,  foot-hills,  and  valleys. 

The  mountain  system,  which  in  Colorado  is  so  intricate,  including 
scores  of  rugged  ranges  and  lofty  peaks,  beconies  in  l!^ew  Mexico  more 
simple.  The  ranges  here  are  not  so  massive,  are  less  in  number  and 
elevation,  and  more  widely  separated  one  from  another.  The  mountain 
chains,  diverging  at  the  northern  border,  spread  fan  like  over  the  Terri- 
tory, and  in  broken  lines  flank  upon  either  side  the  valley  of  the  Rio 
Grande,  which  traverses  the  entire  region  from  north  to  south.  De- 
tached groups  and  solitary  mountains  are  seen  at  many  points.  Though 
all  belong  to  the  Rocky  Mountain  system,  they  are  each  distinguished 
by  local  names. 

In  the  southeastern  part  of  the  Territory  is  the  Llano  Estacado,  or 
Staked  Plain,  an  elevated,  arid  region,  which  also  extends  into  the  ad- 
joining State  of  Texas.  The  soil  here  is  apparently  barren,  but  pro- 
duces abundantly  the  Mesquit  (Prosopis  juliflora),  a  small  but  deep- 
rooted  and  valuable  tree  or  shrub.  The  land  would  yield  good  crops  if 
water  could  be  had  for  irrigation. 

The  general  surface  of  the  Territory  has  an  elevation  of  about  5,000 
feet  in  the  northwestern  portion,  and  thence  descends  toward  th(  south- 
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east,  where  at  the  lowest  point  it  is  only  about  3,000  feet  above  sea- 
level. 

"The  fall  of  the  Rio  Grande,  from  the  northern  border  of  the  Terri- 
tory to  the  point  where  it  cuts  the  New  Mexico,  Texas,  and  Chihuahua 
boundaries,  is  about  3,500  feet.  The  ranges  generally  rise  from  2,000 
to  5,000  feet  above  the  mesas  and  high  table-lands.  Mount  Baldy,  18 
miles  from  Santa  F6,  is  12,202  feet  high ;  Mount  Taylor,  in  the  Sierra 
Mateo,  is  11,200  feet  high. 

The  Eio  Grande,  Eio  Pecos,  Canadian,  and  San  Juan  are  the  princi- 
pal rivers  of  the  Territory.  The  first  rises  in  the  mountains  of  southern 
Colorado,  crosses  the  northern  border  of  Isew  Mexico  at  a  central  point, 
and  follows  a  nearly  direct  course  through  the  Territory  to  its  southern 
boundary.  This  stream  is  not  navigable  at  any  point  within  the  Ter- 
ritory. The  valley  of  the  Rio  Grande,  having  an  average  width  of 
8  or  9  miles  and  a  length  of  about  400,  includes  large  areas  of  most  ex- 
cellent farming  and  fruit  lands.  The  Rio  Pecos,  a  large  affluent  of  the 
Rio  Grande,  drains  the  mideastern  and  southeastern  portions  of  the 
Territory,  and  the  Canadian  River  and  its  tributaries  the  northeastern 
portion.  The  western  part  is  drained  by  the  San  Juan,  Zuni,  Gila, 
and  other  affluents  of  the  Colorado  River  of  the  West.  No  lakes  of 
considerable  size  have  as  yet  been  discovered  in  the  Territory. 

The  water-courses  of  New  Mexico,  compared  with  those  of  her  north- 
ern neighbor,  Colorado,  are  few  and  of  small  volume.  In  the  last- 
named  State  at  least  ten  large  and  powerful  rivers  rise  in  the  central 
mountain  region,  and,  re-enforced  by  numerous  tributaries,^ass  to  and 
beyond  the  borders  of  the  State.  In  New  Mexico  bat  two  rivers,  the 
Rio  Grande  and  Rio  Pecos,  flow  for  a  considerable  distance  within  the 
limits  of  the  Territory.  The  two  other  important  streams,  the  Rio  San 
Juan  and  Canadian,  flow,  respectively,  through  the  northwestern  and 
northeastern  corners  of  the  Territory.  The  San  Juan  River,  as  well  as 
the  Rio  Grande,  rises  in  southern  Colorado. 

"  It  is  not  uncommon  for  a  river  to  be  considerably  larger  toward  its 
source  than  at  its  mouth.  Many  of  the  important  streams  that  flow 
from  the  Black  Hills  into  the  Missouri  are  lost  on  their  way  through 
the  plains;  this  is  especially  the  case  with  rivers  in  the  arid  regions  of 
New  Mexico  and  Arizona." 

The  high  mountains  of  the  Main  Range  extend  southward  into  New 
Mexico  for  a  distance  of  about  100  miles,  reaching  the  neighborhood  of 
Santa  Fe.  South  of  this  there  is  a  semi-tropical  region.  "There  is  of 
necessity  a  wide  difference  in  the  extremes  of  temperature,  but  with  the 
exceptions  of  the  cold  seasons  of  the  higher  lands  at  the  north,  the 
climate  is  temperate  and  equable.  The  summer  days  in  the  lower 
valley  are  sometimes  quite  warm,  but  as  the  dry  atmosphere  rapidly 
absorbs  the  perspiration  of  the  body,  it  prevents  the  debilitating  ef- 
fect experienced  where  the  air  is  heavier  and  more  saturated  with 
moisture.  The  nights  are  cool  and  refreshing.  The  winters,  except  in 
the  mountains  at  the  north,  are  moderate,  but  the  difference  between 
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the  northern  and  southern  sections  during  this  season  is  greater  than 
during  the  summer.  The  snow-fall  is  small  in  amount,  and  seldom 
remains  on  the  ground  longer  than  a  few  hours.  The  rains  fall  prin- 
pcipally  during  the  months  of  July,  August,  and  September,  but  their 
linnual  amount  is  small,  seldom  exceeding  a  few  inches.  When  there 
ire  heavy  snows  in  the  mountains  during  the  winter  there  will  be 

)od  crops  the  following  summer,  the  supply  of  water  being  more 
Ikbundant,  and  the  quantity  of  sediment  carried  down  greater  than 
rhen  the  snows  are  light." 

As  a  general  statement,  it  may  be  said  that  the  serai-arid  conditions 
•which  prevail  in  Colorado  and  the  northern  Territories  of  the  Eocky 
•Mountain  region,  are  intensified  in  New  Mexico.  The  more  southern 
situation,  and  the  comparative  absence  of  high  mountain  ranges,  forests 
and  streams  all  contribute  to  the  aridity  of  this  region.  Hon.  Edmund 
G.  Eoss,  governor  of  New  Mexico,  in  his  annual  reports  for  1885  and 
1886  to  the  Secretary  of  the  Interior,  very  justly  urges  the  pressing 
need  of  constructing,  in  or  adjacent  to  the  mountains  of  tliat  Territory, 
reservoirs  for  the  storage  of  water.  He  refers  to  the  droughts  and 
floods  with  which  this,  in  common  with  other  parts  of  the  West,  has 
been  afflicted,  and  suggests  that  a  system  of  storage  basins,  near  the 
head  waters  of  the  various  streams,  would  not  only  prevent  destruc- 
tive floods,  insure  supplies  of  water  for  irrigation  and  reclaim  millions 
of  acres  now  barren,  but  that  the  resulting  increase  in  vegetable  growth 
and  conservation  of  moisture  would  also  greatly  modify  the  climatic 
conditions ;  that  an  increased  degree  of  evaporation  would  be  estab- 
lished, and  the  annual  rain-fall  regulated  and  equalized.  In  this  con- 
nection the  aid  of  the  General  Government  is  invoked.  I  most  earnestly 
concur  in  the  foregoing.  There  is  urgent  necessity  for  the  systematic 
storage  of  water  in  most  parts  of  the  Eocky  Mountain  region,  and 
especially  in  the  southwestern  Territories.  Had  the  mountain  forests 
been  maintained  the  need  of  artificial  reservoirs  would  not  now  be  so 
great. 

"  The  average  rain-fall  from  1870  to  1885,  inclusive,  has  been  as  fol- 
lows, at  the  points  named,  to  wit : 

Inches. 

Fort  Bayard,  in  the  southwest 15.30 

Fort  Union,  in  the  north 16.74 

Fort  Wiugate,  in  the  west 15. 52 

"At  Fort  Stanton,  in  the  southeast,  the  average  has  been  about  the 
same." 

Although  tJio  principal  forests  of  New  Mexico  are  confined  to  the 
mountain  chains,  other  parts  of  the  Territory  are  more  or  less  wooded. 
Upon  the  wide  mesas,  which  form  so  prominent  a  feature  of  the  south- 
west and  western  portions,  are  found  scattering  growths  of  Cedar, 

Note. — It  is  estimated  that  New  Mexico  has  irrigating  canals  and  ditches  cqnal  in 
extent  to  those  of  Utah,  irrigation  having  been  practiced  in  a  rndo  way  in  this  Terri- 
tory long  before  it  came  into  the  possession  of  the  United  States.  Two  largo  irrigat- 
ing canals  are  now  projected,  one  on  each  bide  of  the  Rio  Grande,  capiblo  of  watering 
from  3,000,000  to  4,000,000  acres. 
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Juniper,  and  Pifion  ;  while  the  arroyos,  or  depressions  in  the  mesas, 
contain  fine  groves  of  Mcstpiit,  In  the  monntuin  vaHeys,  gulches  and 
canyons,  are  Yellow  Pine,  Pinon,  Dwarf  jMaple,  and  Scrub  Oak.  On 
the  higher  ranges,  at  the  north,  in  addition  to  the  Pines,  are  found  the 
White  Spruce  and  Ked  Fir.  Juniper  is  common  on  the  foothills  of 
this  section.  The  river  valleys  are  lined  with  Cottonwood,  Pox-Elder, 
several  varieties  of  Willow,  Alder,  Ash,  Sycamores,  Cherries,  and  Mul- 
berries. On  the  southern  plains,  or  wide  sandy  valleys,  the  prevailing 
growths  are  Yucca,  Madrona,  and  Palo  Verde  (acacia).  On  mountain 
slopes  the  second  growth  is  often  Aspen.  The  elevated  plain,  which 
occupies  the  eastern  portion  of  the  Territory,  has  fjo  forests,  and  is  prac- 
tically treeless.  The  finest  timbered  region  in  New  Mexico  is  in  the 
southwestern  part,  and  includes  the  INFagdalena,  Mogollon,  Sierra  Di- 
ablo, and  other  high  ranges.  Large  bodies  of  Pine,  Spruce,  and  Fir, 
suitable  for  lumber,  are  found  here.  In  the  northern  mountains,  at  the 
headwaters  of  the  Kio  Pecos,  there  is  some  excellent  timber. 

Viewing  the  Territory  as  a  whole,  the  Yellow  Pine  is  the  iiiosL  im- 
portant and  useful  tree,  aiul  furnishes  a  large  proportion  of  the  native 
lumber. 

The  following  is  a  list  of  the  forest  trees  of  New  Mexico  : 

Yellow  Piuc  {Flnus pomlerosa,  Dongl.). 

White  Pine  {P.  reflexa  and  V.  flexills,  Eugolni.). 

IJlack  Pine,  or  Tamarack  (/'.  Mitrraijana,  IJalfonr). 

Pinus  CJiihuahuana,  Engelni. 

Piuou,  or  Nut  Pine  (P.  edalls,  Engelni.). 

White  Sprnco  {Picca  Engelmanni,  Engelin.). 

Red,  or  Yellow  Fir  {Pseudotsuga  Douglasii,  Carr.). 

White,  or  Balsam  Fir  (Ahics  concolor,  Lindl.  and  Gordon). 

Juniper  {Juniper ii8 pachypliJocct ,  Torr.). 

3nn\\}Gx  {Juniper usoccidertalis.  Hook,  var  monospcrma,  Engl.), 

Red  Cedar  {Janiperus  Virginiana,  L.). 

Cypress  {Cujyressus  Guadahipensis,  W^atson). 

HycaxDOTO  {Platanus  Wnghtii,  Wat&on).    ■ 

Box  Elder  {Negundo  aceroides,  Moeuch). 

Dwarf  Maple  {Acer  glabrum,  Torr.). 

Dwarf  Maple  {Acer  granaidentatum,  Nutt). 

Ash  {Fraxinua pistacicefoUa,  Torr.). 

Walnut  {Juglans  rupeslris,  Engelm). 

Black  Oak  {Qucrcua  Emoryi,  Toit.). 

Locust  {Rohinia  Neo-^exicana,  Gray). 

Mesquit  {Prosopia  julijiora,  D.  C). 

Cottonwood  {Populu8  moniUfcra,  Ait.). 

Cottonwood  {P.  angusHfoUa,  James). 

Cottonwood  {P.  Fremontii  var.  Wialiseni,  Watson). 

Note. — Estimates  of  forest  areas  differ  widely  for  the  same  region.  This  results 
from  the  difference  in  the  competency  and  carefulness  of  the  observers,  and  from  the 
fact  that  there  is  no  accepted  standard  of  estimate.  Some  include  in  forest  lands  not 
only  those  tracts  which  are  densely  or  mainly  covered  with  trees,  but  also  grazing 
lands  on  which  may  be  found  only  a  few  scattering  pifions  or  cedars.  The  estimates 
here  given  of  the  torest  areasof  New  Mexico,  as  indeed  all  (he  estimates  of  forest  areas 
embodied  in  this  report,  are  designed  to  eml)race  only  those  which  are  strictly  forest 
clad.     The  constant  endeavor  has  been  not  to  overestimate  in  this  respect. 
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Aspen  (P.  tremuloides,  Micb.). 

Willow  (Salix Jlavescens,  Nutt). 

Willow  (S.  laaiaHdra,  Beuth.). 

Desert  Willow  (Chilopsis  aaligna,  D.  Dou). 

Alder  {Alnui^  ohlonyij'olia,  Torr. ). 

Wild  Cherry  {Prunm  Capuli,  Cav.)- 

Mountaiu  Mahogany  {Cercocarpus  ledi/oliua). 

Mountain  Mahogany  (C.  parvifoliua,  Nutt). 

Black  Thorn  {Cratagua  tomentoaa,  L.). 

Spanish  Buckeye  ( Ungnadia  specioaa,  Eudl.). 

Wild  China  or  Soapberry  {Sapindua  marginaiua,  Willd). 

Spanish  Bayonet  ( Yucca  baccata,  Torr.). 

MskdvouiL  {Arbutua  Xalapenaia,  H.  B.  K.)- 

Palo  "Verde  or  Greenbarked  Acacia  (Parkiiiaonia  Torreyana,  Watson). 

Mexican  Mulberry  (Morua  mycrophilla,  Buckley). 

It  lias  been  estimated  that  the  araouut  of  native  lumber  used  in  the 
Territory  in  the  year  1886  was  5,000,000  feet.  About  1,000,000  feet 
were  imported  from  Arizona,  and  used  for  all  purposes,  including  fin- 
ishing. Of  high  grade  Eastern  and  California  lumber,  about  50,000  feet 
of  each  kind  were  consumed  during  that  year.  Some  200,000  feet  of 
different  grades  were  brought  into  southern  New  Mexico  from  northern 
Texas  during  the  period  named.  The  consumption  of  lumber  for  that 
year  was  comparatively  light. 

Farming  and  fruit-growing  are  carried  on  quite  extensively  in  differ- 
ent parts  of  the  Territory  generally  with  the  aid  of  irrigation.  Most  of 
the  ditches,  however,  are  small.  In  some  of  the  mountain  districts  crops 
are  grown  without  the  aid  of  irrigation. 

The  Territorial  law  provides  for  the  punishment  of  persons  who  shall 
willfully  or  maliciously  set  on  fire  any  woods,  marshes,  prairies,  or  other 
grounds  not  their  own,  or  who  shall  intentionally  or  by  neglect  permit 
the  spread  of  fire  from  their  own  grounds  to  those  of  another ;  also,  that 
satisfaction  in  damages  may  be  recovered  by  parties  injured  by  such 
fires. 

Jfew  Mexico  is  subdivided  into  fourteen  counties,  the  relative  situa- 
tion of  which,  upon  the  map,  is  about  as  follows : 


San  Juan. 

Rio  Arriba. 

Taos.                  Colfax. 

Bernalillo. 

Santa  V6. 

Mora. 

Valencia. 

San  Miguel. 

Socorro. 

Sierra. 

Lincoln. 

Grant.    Dona  Ana. 
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BEENALILLO  COUNTY. 
(Area,  8,350  square  miles  ;  estimated  forest  areji,  1,450  square  miles.) 

The  Rio  Grande  Kiver  traverses  the  easteru  part  of  Bernalillo  County 
from  north  to  south.  Its  principal  tributaries  are  the  Kio  Galisteo 
on  the  east,  and  the  Eio  Jemez  and  Rio  Puerco  Rivers  at  the  west.  lu 
addition  to  the  above,  there  are  numerous  springs,  and  a  few  small 
streams  of  more  or  less  permanence.  The  Rio  Grande  is  the  most  im- 
portant valley,  and  includes  a  large  area  of  agricultural  laud.  To  the 
westward  of  this  valley  the  county  is  rolliug  and  broken  by  hills  and 
canyons.  It  has  grass  lands  and  some  timber,  and  is  well  adapted  for 
grazing  purposes.  The  Sandia  Mountains  occupy  the  eastern  and  the 
Jemez  Mountains  the  central  portions  of  the  county. 

Upon  the  mountains  named  above  are  situated  most  of  the  forests. 
About  one-fourth  of  the  forest  area  has  good  timber,  and  as  much  more 
has  a  promising  y.oung  growth.  Open  forests  of  Yellow  and  White 
Pine  and  Red  Cedar  extend  from  the  northeastern  corner  of  the  county 
westward  to  the  Jemez  River.  The  principal  species  of  trees,  In  addi- 
tion to  those  named  above,  are  Scrub  (Jak  and  Pinon,  the  latter  pre- 
dominating. 

But  little  change,  if  any,  has  been  observed  in  the  volume  of  water 
in  the  streams  of  this  county;  the  flow  is  more  intermittent  than  in 
former  years,  and  floods  have  become  more  frequent. 

COLFAX  COUNTY. 

(Area,  7,000  square  miles ;  estimated  forest  area,  1,275  square  miles.) 

This  county  is  situated  in  the  extreme  northeastern  corner  of  the 
Territory.  It  is  bordered  on  the  west  by  the  Main  Rocky  Mountain 
range,  and  its  surface,  as  a  whole,  is  greatly  varied.  Mountains,  single 
and  in  groups,  hills,  buttes,  rolling  lands,  mesas,  and  valleys  are  em- 
braced within  its  limits.  Numerous  streams,  the  most  important  of 
which  are  the  Cimarron  and  Canadian  Rivers,  traverse  the  region. 
This,  with  the  fine  growth  of  grass,  makes  it  one  of  the  best  grazing 
districts  of  the  west. 

The  forest  lands  are  situated  principally  in  the  western  part  of  the 
county  and  constitute  about  one-fifth  of  the  entire  area.  Nearly  10 
per  cent,  of  the  timber  is  Pine  and  Spruce  of  medium  size.  The  re- 
mainder is  mostly  Aspen,  Scrub-Oak,  Pinon,  and  Dwarf  Cedar.  Cot- 
tonwood grows  along  the  streams. 

There  is  less  water  in  the  streams  in  summer  than  there  was  fifteen 
years  ago.     Floods  and  droughts  have  become  more  frequent. 

DONA  ANA  COUNTY. 
(Area,  10,260  square  miles  ;  estimated  forest  area,  75  square  miles.) 

Dona  Ana  is  the  central  county  of  the  southern  tier  bordering  on 
Texas  and  Mexico.    It  is,  in  general  terms,  a  gtrip  of  table  land  about 
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4,000  feot  above  the  sea  level,  from  which  rise  a  number  of  mountain 
nges.  Tlieso  ranges  are  from  20  to  50  miles  long,  and  seldom  exceed 
miles  in  width.  Between  them  are  great  plains,  from  20  to  80  miles 
ide,  treeless  and  almost  waterless,  but  generally  covered  with  grass 
d  aflfording  pasturage  for  stock.  The  Rio  Grande  del  Norte  flows^ 
rough  the  center  of  this  region,  forming  a  rich  alluvial  valley  about  6 
iles  in  width  and  sunken  some  200  feet  below  the  surrounding  plains, 
inchules  the  famed  "  Mesilla  Valley,"  a  district  noted  for  its  flue 
fruits  and  immense  crops  of  cereals.  Between  the  valley  of  the  Rio 
Grande  and  the  Organ  and  San  Andres  Mountains  at  the  eastward  is 
a  desolate  region  known  as  the  ^^  Journanda  del  Muerto"  (Journey  of 
Death).  With  the  exception  of  the  valley  of  the  Rio  Grande,  which 
/nchides  some  300  square  miles  of  alluvial  land  that  may  be  irrigated, 
but  a  small  portion  of  the  county  is  adapted  to  the  production  of  crops. 
There  is  but  little  timber  in  this  county,  and  it  is  mostly  confined  to 
the  higher  portions  of  the  Organ  and  Sacramento  Mountains.  Pine, 
Fir,  Cedar,  and  Juniper  are  the  i)rincipal  species  growing  in  the  mount- 
ains, and  forming  forests.  The  first  two  are  used  to  a  limited  extent 
iu  the  manufacture  of  lumber.  Piiion,  Oak,  Ash,  Mesquit,  Cotton- 
wood, and  Willow  are  also  native  to  this  region.  Oak  and  Ash  are  used 
in  wagon  and  carriage  work. 

When  the  forests  are  destroyed,  there  is  absolutely  no  chance  for 
their  natural  reproduction,  and  the  denudedtracts  become  barren  wastes. 


GRANT  COUNTY. 
(Area,  10,090  square  miles;  estimated  forest  area,  800  square  miles.) 


Grant  county  is  in  the  southwestern  corner  of  the  Territory,  border- 
ing on  Mexico.  The  northern  portion  is  mountainous,  and  includes  the 
sources  of  the  principal  streams,  the  Rio  Mimbres  and  Gila  River.  The 
southern  half  of  the  county  consists  mainly  of  plain  and  mesas,  and 
has  an  average  or  mean  elevation  of  about  5,000  feet.  The  great  pla- 
teau of  the  Sierra  Madre  extends  into  the  southeastern  i)ortion  of  the 
county.  A  little  farming  is  carried  on  in  the  large  valleys,  but  stock- 
raising  and  mining  are  the  chief  industries. 

The  largest  bodies  of  timber  are  situated  in  the  Black  Range,  Mim- 
bres, Pinos  Altos,  and  other  mountains  in  the  northern  part  of  the 
county.  The  Florida  Mountains  upon  the  eastern  border,  and  the  Hades 
and  Peloucillo  Mountains  in  the  southwestern  portion,  are  also  wooded 
to  some  extent.  About  one-tenth  of  the  forest  area  is  well  stocked. 
I'ine  and  Juniper  are  the  i)redominant  species  of  forest  trees  and  attain 
a  good  size.  A  scattering  growth  of  Scrub  Oak  is  found  on  the  mesas 
and  Cottonwood  fringes  the  streams  in  some  places.  The  forests  proper 
are  rarely  dense;  there  is  but  little  undergrowth,  and  the  loss  incurred 
from  forest  fires  is  inconsiderable.  In  fact,  fires  in  this  section  are  moBC} 
flestructive  to  the  stock  ranges  than  they  are  to  timber, 
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The  demaud  for  lumber  causes  the  consumptiou  of  the  Pino  timber 
as  fast  as  it  cau  be  reached.  Much  of  the  best  Piue  is  situated  at  points 
in  the  mountains  not  now  accessibhi,  and  for  the  present  it  is  likely  to 
bo  spared.  After  the  forests  have  been  destroyed  their  reproduction 
can  hardly  be  hoped  for;  the  region  is  too  arid  to  favor  a  new  conifer- 
ous growth. 

LINCOLN  COUNTY. 
(Area,  24,450  square  uiilcs  ;  estimated  forest  area,  920  square  miles.) 

This  county  is  situated  in  the  southeast  corner  of  New  Mexico.  Along 
its  western  border  are  the  Sierra  Blanca,  Sacramento,  Guadalupe,  and 
other  mountain  ranges ;  the  central  and  eastern  portions  extend  into 
the  plains  region.  The  Rio  Pecos  River  flows  through  the  entire  county 
from  north  to  south,  and  midway  i!i  its  course  is  joined  by  its  main  afflu- 
ent, the  Rio  Honda  River,  which  enters  it  from  the  west.  That  part  of 
the  county  east  of  the  Rio  Pecos  is  very  scantily  watered,  a  few  springs 
and  wells  being  the  only  source  of  supply.  Stock-raising  is  tlie  chief 
industry,  for  which  the  county  is  well  adapted.  A  large  body  of  till- 
able land  lies  along  the  valley  of  the  Pecos  for  a  distance  of  about  200 
miles,  and  along  the  tributaries  of  the  river  for  a  distance  of  some  300 
miles. 

The  forests  of  the  county  are  confined  mostly  to  the  mountains  of  the 
western  portion.  About  one  fourth  of  the  forest  area  includes  good 
timber ;  the  rem  ainder  has  a  small  growth  suitable  only  for  fencing  and 
fuel.  Forest  fires  have,  as  yet,  done  but  little  damage.  Pine,  Spruce, 
Piiion,  and  Cedar  constitute  the  bulk  of  the  forests.  The  first  two  are 
used  in  the  manufacture  of  lumber.  Spruce  is  found  at  the  greater  ele- 
vations; it  grows  large  and  often  forms  dense  iorests.  Piiion,  "  Scrub 
Pine,"  and  Cedar  are  the  most  prevalent  trees.  Other  trees  native  to 
this  county  are  Oak,  Yucca,  and  Madroiia. 

Settlers  who  have  taken  timber-culture  claims,  generally  idant  Cot. 
tonwood,  cultivating  them  in  all  cases  with  the  aid  of  irrigation. 

MORA   COUNTY. 
(Area,  3,830  square  miles;  estimated  forest  area,  720  square  miles.) 

The  altitude  of  this  county  varies  from  4,000  feet  in  the  extreme 
eastern  portion  to  7,000  feet  at  the  base  of  the  Rocky  Mountain  range 
in  the  west,  and  some  of  the  high  peaks  attain  an  elevation  of  11,000  to 
12,500  feet.  About  one-fourth  of  the  surface  of  the  county  in  the  western 
part  is  mountainous;  the  remaining  three-fourths  extends  into  the 
Plains  Region,  and  is  an  open  rolling  country,  varied  to  some  extent  by 
hills  and  buttes.  The  Canadian  River,  passing  :from  north  to  south 
through  the  central  portion,  is  the  principal  streapi.  A  number  of 
creeks  and  arroyos  water  other  portions. 

The  heaviest  bodies  of  timber,  consisting  of  Yel|q\y  ^.nd  White  Pin^ 
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and  Spruce,  iiro  fonud  in  the  mouutaius.  Hero,  also,  are  large  tracts 
covered  with  Aspen.  The  trees  of  this  species  grow  very  straight,  are 
from  10  to  40  feet  iu  height,  and  are  much  used  for  fence  poles.  Upon 
the  lower  slopes  and  foot- hills  the  predominating  species  are  Piiion, 
Cedar,  and  Scrub  Uak  ;  the  latter  sometimes  growing  to  a  height  of  30 
feet.  The  central  portion  of  the  county  has  scattered  groves  of  Piiion 
and  Cedar,  with  patches  of  Scrub  Oak.  The  bluffs  overhanging  the 
streams  are  covered,  to  a  limited  extent,  with  Piiion,  Cedar,  Scrub 
Oak,  Mesquit,  and  a  few  Pines.  Cotton-wood,  Box  Elder,  Hackberry, 
Mulberry,  Wild  Plum,  and  Wild  Cherry  line  many  of  the  watercourses. 
The  streams  of  the  eastern  portion  are  nearly  bare  of  trees,  the  groves 
that  once  existed  there  having  been  destroyed  by  the  early  settlers. 

RIO  ABBIBA  COUNTY. 
(Area,  7,000  square  miles;  estimated  forest  area,  175  square  miles.) 

The  eastern  and  central  portions  of  Rio  Arriba  County  axe  mountain- 
ous and  well  watered.  The  western  portion  is  occupied  by  high  mesas 
and  plains,  which  here  constitute  the  Continental  Divide.  The  Rio 
Chama  is  the  principal  river  traversing  the  county  for  any  considerable 
distance.  This  and  a  few  smaller  streams  discharge  their  waters  into 
the  Rio  Grande,  which  flows  through  the  southeastern  part  of  the  county. 
The  valleys  of  the  streams  are  fertile,  producing  tine  crops  of  grain  and 
vegetables,  and  yielding  different  kinds  of  fruit. 

,  The  forests,  found  mainly  in  the  mountainous  districts,  consist  chiefly 
of  Yellow  and  Black  Pine,  with  some  Spruce  at  the  higher  altitudes. 
The  timber  is  not  dense,  nor  are  the  trees  of  large  size.  Cedar,  Piiion, 
Scrub  Oak,  Cottonwood,  Willow,  and  Wijd  Cherry  are  also  native  to 
this  county. 

About  one-fourth  of  the  forest  area  has  been  made  waste  by  fire,  and 
as  much  more  is  brush  of  promising  growth.  After  the  destruction  of 
the  forests  from  any  cause  their  renewal  is  extremely  difficult. 

Floods  and  droughts  are  more  frequent  than  in  former  years. 

SAN  JUAN  COUNTY. 
(Area,  7,200  square  miles ;  estimated  forest  area,  250  square  luiles). 

This  county  has  an  elevation  above  sea-level  of  7,000  feet.  The  San 
Joan  Mountains  border  it  at  the  north  and  the  Chusca  Mountains  at  the 
west,  lii  tiio  central  and  eastern  portions  are  wide  plains  and  mesas. 
The  San  Juan  and  Chusca  Eivcrs  and  their  affluents  constitute  the 
water  system  of  the  county. 

The  Chusca  Mountains  are  fairly  well  timbered.  Yellow  and  Black 
Pine  being  the  predominant  forest  trees.     A  scattering  growth  of  Ce- 
llar, Piuou  and  Scrub  Oak  is  found  on  the  foot-hills  and  mesas.    Cot- 
tonwood, Willow,  and  Wild  Cherry  grow  along  the  streams. 
24738— Bull  2 10 
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SAN  MIGUEL   COUNTY. 
(Area,  11,630  square  miles;  ostimatod  forest  area,  1,300  square  miles.) 

The  uortliwestera  portion  of  this  county,  including  about  one-sixth 
of  its  area,  is  mountainous;  the  remaining  part  is  an  open,  rolling 
country,  embracing  wide  plains  and  extensive  mesas.  Tbe  surface 
slopes  from  the  western  boundary  of  the  county  to  the  Texas  State  lino 
on  the  east,  the  average  or  mean  altitude  being  about  5,000  feet  above 
sea-level.  The  Canadian  and  Eio  Pecos  Kivers  and  their  tributaries, 
which  have  their  sources  in  the  mountains  at  the  north  and  west,  con- 
stitute the  drainage  system. 

The  most  important  forests,  consisting  of  Pine  and  Spiuce  timber, 
are  situated  in  the  mountains.  It  is  estimated  that  about  one-half  ot 
the  forest  area  is  well  stocked,  that  most  of  the  remainder  is  brush  of 
promising  growth,  and  that  a  small  part  has  been  made  waste  by  lire. 
Scattering  groves  of  PiGon,  Cedar,  and  Scrub  Oak  are  found  on  the 
foot-hills  and  mesas.  Cottonwood  grows  along  souje  of  the  water 
courses. 

No  changes  have  been  observed  in  the  flow  and  volume  of  water  in 
the  streams. 

SANTA  F]fi    COUNTY. 
(Area,  2,490  square  miles  ;  estimated  farest  area,  1,375  square  miles.) 

Santa  Fe  County  is  situated  in  the  northern-central  part  of  the  Ter- 
ritory. It  is  bordered  at  the  northeast  by  the  elevated  crests  of  the 
Rocky  Mountain  range,  which  here  reaches  its  southern  limit.  The 
surface  of  the  county  is  iinely  diversified.  It  is  a  region  of  mountains, 
valleys,  mesas,  undulating  jilains,  and  swift  running  streams.  The 
altitude  varies  from  5,500  feet  on  the  mesas  in  the  southern  portion  ol 
the  county,  to  7,044  feet  at  the  city  of  Santa  F6,  and  to  13,000  feet  on 
Mount  Baldy,  of  the  Santa  Fe  range.  The  area  of  the  county  is  quite 
equally  divided  between  agricultural,  fruit,  grazing,  and  timber  lands. 
The  temperate  climate,  fine  scenery,  and  other  natural  advantages,  con- 
tribute to  render  this  region  most  attractive  and  desirable  for  residence. 

The  forest  lands  are  situated  mostly  in  the  eastern  part  of  the  county. 
There  is  a  narrow  strip  of  timber  at  the  south  called  "The  Placers," 
extending  from  the  Placers  to  the  east  line  of  the  county^,  and  also  a 
small  wooded  tract  in  the  southwestern  corner.  About  30  per  cent,  of 
the  forest  area  includes  good  timber;  20  per  cent,  is  brush  of  promis- 
ing growth ;  a  portion  has  been  burned  over,  and  the  remainder  is  an 
open  growth  of  Pinon,  Cedar,  and  Scrub  Oak.  Yellow  Pine  and 
Spruce  are  the  predominating  species  in  the  mountains  in  the  north- 
eastern part  of  the  county;  in  the  more  open  country  at  the  south  and 
♦v^est,  Piiion,  Cedar,  and  Oak  arc  the  prevailing  kinds.  Cottonwood 
and  Willow  border  many  of  the  streams. 
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SIEERA  COUNTY. 
(Area,  3,200  squaro  miles;  estimated  forest  area,  250  squ{u-o  miles.) 

This  coimty  is  situated  in  souiliwestera  New  Mexico.  Its  surface 
includes  mouutaius,  valleys,  and  mesas.  The  Eio  Graude  River,  its 
tuost  importaut  stream,  traverses  the  east-central  part  from  north  to 
south,  and  its  broad  valley  embraces  a  large  section  of  arable  land. 

The  county  is  well  watered,  and  the  table  lands  of  the  western  por- 
tion afford  good  i)asturage. 

The  forests  are  mainly  situated  in  the  Black  Range  at  the  northwest. 
Pine  and  Fir  are  the  predominant  trees  at  the  higher  elevations;  Juni- 
per and  Oak  are  found  on  the  foot-hills  and  mesas,  and  a  growth  of  Ma- 
ple and  Walnut  borders  some  of  the  streams. 

When  the  forests  have  been  destroyed  they  are  rarely-,  if  ever,  repro- 
duced.   The  second  growth  is  usually  Scrub  Oak. 

The  large  streams  are  not  as  continuous  in  their  flow  as  they  were  be- 
fore the  timber  in  the  mountains  was  cut  off.  There  are  more  floods  and 
longer  periods  of  drought.  Many  of  the  small  streams  have  wholly 
failed. 

SOCOREO   COUNTY. 
(Area,  16,500  square  miles;  estimated  forest  area,  2,050  square  miles.) 

This  county  has  several  classes  of  lands — the  agricultural,  which  are 
found  on  the  Rio  Graude  and  other  streams  traversing  the  county;  the 
uplands  or  mesas,  especially  adapted  to  grazing;  and  the  mountain 
ranges,  upon  which  the  forests  are  mainly  situated.  In  addition  to  the 
above,  the  San  Augustine  Plains,  centrally  situated,  cover  an  estimated 
area  of  2,000  square  miles,  and  are  wholly  destitute  of  trees.  In  the 
eastern  part  of  the  county  is  a  wide  extent  of  desert,  embracing  barren 
plains,  lava  beds,  treeless  mountain  ranges,  and  "  Mai  pais." 

From  one-third  to  one-half  of  the  county  is  sparsely  covered  with  for- 
ests, if  all  classes  of  growth  are  considered.  Along  the  northern  slopes 
of  the  Piuon  and  Datil  Mountains,  upon  the  Magdaleua  Mountains, 
the  San  Francisco  and  Mogollon  Ranges,  and  on  the  higher  portions  of 
the  Black  Range  are  forests  composed  lAainly  of  the  Yellow  and  White 
Pino  and  Red,  or  Douglas,  Fir.  Extensive  tracts  of  largo  Pines  are 
rare,  although  there  are  a  few  in  the  western  part  of  the  county. 
About  four-fifths  of  the  entire  forest  area  consists  of  a  small  growth  of 
Pine,  Cedar,  Juniper,  and  Oak.  Burned  tracts  of  limited  extent  are 
f")!Dinon,  but  they  are  usually  confined  to  the  scrub  growths.  Aspen 
<  overs  large  areas  in  the  mountains.  Other  species  native  to  the  re- 
gion are  Mountain  Mahoganj^,  several  varieties  of  Oak,  Walnut,  Mes- 
qnit,  Box-elder,  Water  Maple,  Cottonwood,  W^illow,  and  Wild  Cherry. 

After  the  destruction  of  the  forests,  from  any  cause,  there  is  hardly 
any  chance  for  their  renewal.  Tracts  burned  over  ten  years  ago  aro 
till  barren. 
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TAOS  COUNTY. 
(Area,  2,300  square  miles;  estimated  forest  area,  900  square  miles.) 

This  couuty  is  centrally  situated  upon  tUe  northern  line  of  New  Mexico. 
Its  eastern  boundary  is  the  Main  Eocky  Mountain  range.  The  Eio 
Grande  River  runs  through  the  central  part  of  the  county,  from  north 
to  south.  Numerous  small  streams  flow  from  the  mountains  at  the  east- 
ward and  unite  with  the  Kio  Grande.  This  district  is  the  best  watered 
of  any  in  the  Territory.  The  western  portion  of  the  county  is  more  arid 
than  the  rest,  but  is  well  fitted  for  grazing  purposes. 

The  forest  laud  is  situated  mostly  in  the  eastern  and  southern  i)arts 
of  the  county,  excepting  a  narrow  strii)  along  the  western  side.  About 
five-eighths  of  the  forest  area  is  fully  stocked — good  for  timber;  the 
remainder  consists  of  young  growth  and  tracts  made  waste  by  burning. 
In  the  mountains  are  quite  heavy  bodies  of  Yellow,  White,  and  Black 
Pine,  Spruce,  and  Fir.  Aspen  also  covers  large  tracts  which  have  been 
denuded  of  the  original  species.  At  lower  altitudes  are  Scrub  Oak, 
Piuon,  and  Cedar,  some  of  the  latter  being  quite  large.  Cottonwood 
(Populus  monilifera  and  P.  angiistifolia)  borders  many  of  the  streams. 

By  a  proper  system  of  irrigation,  at  least  one-half  of  the  entire  area 
of  the  county  could  be  brought  under  cultivation.  At  the  present  time, 
only  a  very  small  proportion  of  the  land  is  cultivated. 

VALENCIA  COUNTY. 
(Area,  7,700  square  miles ;  estimated  forest  area,  960  square  miles.) 

This  county,  which  is  situated  in  central  New  Mexico,  extends  from 
the  western  border  three-fourths  of  the  distance  across  the  Territory. 
Near  the  center  it  is  divided  by  the  Rio  Grande  River,  and  at  a  few 
miles  west  of  that  point  it  is  again  intersected  by  the  Rio  Puerco  River. 
These  two  streams,  and  the  Zuiii  River  in  the  west,  are  the  principal 
water-courses.  Portions  of  the  couuty  are  very  broken  and  mountain- 
ous. The  Zuiii  and  San  Mat6o  Mountains  at  the  northwest,  and  the 
Manzano  Mountains  east  of  the  Rio  Grande,  are  the  most  important 
ranges.  Although  farming  and  fruit  growing  are  prosecuted  to  some 
extent  along  the  valleys  of  the  streams,  the  region,  as  a  whole,  is  better 
suited  for  grazing  than  for  other  branches  of  husbandry. 

Extensive  forests  of  Yellow  Pine  exist  in  the  mountains,  both  in  the 
western  part  of  the  county  and  in  the  Manzano  Range  to  the  eastward. 
In  the  last  named  district  the  estimated  forest  area  is  280  square  miles, 
three-fourths  of  which  bears  good  timber.  Saw  logs  obtained  here  are 
from  2  to  4  feet  in  diameter.  At  lower  altitudes  Piiion,  Cedar,  and 
White  and  Scrub  Oak  abound. 
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UTAH. 

As  stated  iu  the  introductiou,  a  full  canvass  of  this  Territory  could  not  bo  mado 
on  account  of  deficiency  of  appropriation,  and  only  the  following  r^sam^,  therefore, 
is  given  : 

The  Territory  of  Utah  comprises  84,47G  square  miles  within  the  thirty-seventh  and 
forty-second  degrees  of  latitude  and  the  one  hundred  and  ninth  and  one  hundred 
and  fourteenth  degrees  of  longitude,  a  parallelogram  300  by  325  miles  in  extent,  of 
which  the  northeast  corner  is  cut  out,  however,  by  the  southwestern  boundary  of 
Wyoming  entering  with  a  right  angle  ;  the  western  line  of  about  70,  the  southern  of 
over  100  miles.  The  country  is  rjgged  and  broken  and  is  separated  into  two  nncqnal 
sections  by  the  Wahsatch  Mountains,  which  cross  it  from  northeast  to  southwest, 
while  the  Uintah  Mountains  in  the  northeast  have  an  east  and  west  extension.  In 
the  southeast  are  extensive  plateaus,  and  in  the  west  a  series  of  disconnected  ridges, 
generally  extending  from  north  to  south. 

East  of  the  Wahsatch  the  drainage  is  mostly  by  the  streams  which  form  the  Col- 
orado, of  which  the  principal  are  the  Grand  and  Green  Rivers,  and  their  tributaries, 
the  White,  Uintah,  and  San  Rafael.  These  rivers  are  mostly  rapid,  not  navigable, 
aud  flow  through  rocky  canyons,  whose  walls  in  some  places  rise  2,000  feet  above  the 
streams.  The  rivers  of  tho  western  half  have  no  outlet  to  the  ocean,  but  terminate 
in  tho  various  lakes.  Of  these  the  largest  is  tho  Great  Salt  Lake  in  the  northwest, 
which  is  75  miles  long  and  about  130  broad.  It  is  shallow,  contains  several  islands, 
and  receives  by  means  of  the  river  Jordan  the  waters  of  Utah  Lake,  2G  miles  to  tho 
southeast.  Several  streams  flow  into  it.  It  has  no  outlet  and  its  waters  are  exceed- 
ingly saline,  containing  abont  22  per  cent,  of  salt  and  having  a  specific  gravity  of 
1.17.  Utah  Lake  is  a  beautiful  sheet  of  fresh  water,  having  an  area  of  about  130  square 
miles,  and  closely  hemmed  in  by  mountains.  Tho  Sevier  River,  rising  in  the  south- 
iin  part  of  the  Territory,  flows  north  for  150  miles,  receiving  the  San  Pete  and  other 
smaller  streams,  then  bends  south  west  and  forms  Sevier  Lake,  nearly  100  miles  south- 
west of  Great  Salt  Lake,  and  about  equal  in  size  to  Utah  Lake.  Only  that  portion 
of  Utah  which  can  be  artificially  watered  is  really  arable,  though  lands  not  irrigable 
are  being  more  and  more  brought  under  cultivation.  Of  that  part  of  the  Territory 
lying  east  of  the  Wahsatch  Mountains  little  use  has  yet  been  made.  It  is  mountain- 
ous; its  valleys  are  about  a  mile  above  the  sea-level,  and  it  consists  chiefly  of  graz- 
ing and  coal  lands.  The  settled  parts  of  the  Territory  lie  along  tho  western  base  of 
the  Wahsatch  Mountains,  between  them  and  Salt  Lake  and  Utah  Lake,  iu  Cache, 
San  Pete,  and  other  valleys,  wherever  streams  are  so  situated  as  to  render  irrigation 
practicable.  In  tho  northern  part  of  tho  Territory  tho  Wahsatch  is  high,  there  is  a 
great  accumulation  of  snow  in  winter,  and  the  streams  are  large  and  numerous.  In 
the  southern  part,  though  the  range  is  nearly  as  high,  the  atmosphere  is  warmer  and 
there  is  little  snow,  tho  streams  are  smaller  and  fewer  in  number,  and  there  is  less 
land  capable  of  cultivation.  The  isolated  ranges  in  the  Great  Basin  give  rise  to  no 
streams  of  importance,  and  the  valleys  are  mostly  of  a  desert  character.  The  possi- 
ble amount  of  farming  lands  in  Utah  may  safely  be  put  at  3,000,000  acres  (probably 
an  underestimate). 

The  climate  of  Utah  varies  with  its  differing  altitudes  and  exposures.  In  the  lower 
valleys  it  is  agreeable  and  salubrious.  Tho  air  is  dry,  elastic,  transparent,  and  bracing, 
"ho  Great  Salt  Lake  exercises  a  mollifying  influence  on  tho  extremes  of  temperatures, 
while  the  dry  and  absorbent  character  of  the  atmosphere  relieves  the  oppression  felt 
in  humid  climates  at  high  temperatures.  Tho  average  humidity  in  winter  is  more 
than  twice  as  great  as  in  summer.  For  the  year  tho  rain-fall  averages  17.3  inches, 
•10  per  cent,  of  which  is  in  the  spring,  9  in  tho  summer,  25  in  tho  fall,  and  2(5  in  tho 
winter.  Tho  meteorological  registers  do  not  show  an  increased  moisture  in  tho  cli- 
mate ;  bxit  Rnsh  Lake  covers  what  was  a  meadow  twenty  years  ago,  and  the  water 
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of  Great  Salt  Lake  is  10  feet  higher  than  it  was  iu  18G3.  There  has  been  little  gain, 
however,  tluring  the  last  ten  years.  It  is  a  peculiarity  of  climate  in  Utah,  as  in  some 
other  portions  of  tho  arid  region,  that  there  is  a  preponderance  of  rain-full  in  the 
spring,  when  it  is  most  needed. 

With  respect  to  timber  Utah  is  much  like  Colorado,  combining  a  treeless  plain  with 
timbered  mountain  ridges  on  one  side  of  the  Territory.  The  valleys  or  plains  are 
destitnti'  of  forest  growth,  and  in  early  times  willow  hrush  was  resorted  to  for  fenc- 
ing, adobe  bricks  for  building,  and  sago  brush  for  fuel.  The  valuable  timber  is  found 
in  tho  canyons  and  coves,  tho  mountain  sides  having  mostly  only  a  scrubby  growth 
of  comparatively  little  account.  Tho  Uintah  Range,  the  eastern  flank  of  tho  Wah- 
satch,  with  San  Pete  and  San  Pitch  ranges,  are  generally  more  or  less  wooded  with 
conifers.  The  western  flank  of  the  Wahsatch  Mountains  has  been  nearly  stripped 
of  what  good  timber  it  may  have  had,  and  from  that  range  westward  to  Nevada  it 
may  bo  said  that  tho  country  is  destitute  of  timber.  lu  tho  southern  and  extreme 
southeastern  portions  of  tho  Territory  there  is  a  thin  covering  of  forests  on  tho  mount- 
ain ranges,  but  of  an  inferior  character.  Of  the  timber  of  Utah  it  may  ho  said  that 
tho  best  trees  furnish  lumber  of  an  inferior  quality  ouly.  Tho  forests  arc  composed 
chiefly  of  Red  Cedar,  Red  or  Douglas  Fir,  Spruce,  with  occasional  Bull  Pine  (P.pon- 
derosa),  and  White  Pine  (Pinua  flexilis).  More  than  half  of  tho  forest  growth  of  the 
Wahsatch  Range  is  composed  of  this  last  Pine,  of  inferior  quality.  Ou  the  Oquirrh 
the  trees  are  chiefly  Douglas  Fir.  A  scrubby  growth  of  Red  Cedar  and  here  and 
there  Piiion  Pine  cover  the  larger  i>art  of  tho  mountain  sides  in  tho  south  and  west. 
They  are  of  little  value  except  for  posts,  ties,  and  fuel.  For  lumber  of  good  quality 
Utah  is  almost  entirely  dependent  upon  supplies  from  the  Pacific  slope  and  Eastern 
States,  yet  the  total  cut  of  native  timber  in  Summit  and  Wahsatch  Counties  has 
been  estimated  at  not  less  than  2,000,000  feet  of  lumber,  300,000  cubic  feet  of  round 
mine  timber,  and  12,000  cords  of  fuel  and  fencing,  and  this  is  claimed  to  represent 
only  20  per  cent,  of  the  cut  in  the  Territory. 

On  tho  whole,  Utah  ranks  very  low  among  our  States  and  Territories  in  respect  to 
woodlands,  having  only  7.G  jier  cent,  of  her  area  which  can  be  called  forest.  Ono  who 
had  occasion  to  make  a  special  investigation  of  the  resources  of  this  Territory,  and 
supposed  to  be  a  competent  observer,  says :  "  It  may  bo  stated  that  Utah  seemed  very 
generally  lacking  in  serviceable  material  for  fencing  or  building.  Tho  country  set- 
tled for  thirty  years  has  drawn  upon  tho  near  supply  of  standing  timber,  so  that  now 
lumber  is  obtained  by  great  exertion  and  expense  in  most  of  tho  valley  settlements. 
Tho  labor  and  expense  of  fencing  caused  Brighara  Young  to  enact  the  no-fence  law, 
which  enabled  tho  destitute  settlers  to  break  ground,  irrigate,  and  raise  grain  with- 
out the  provision  of  any  barrier  against  stock  inroads,  the  cattleman  being  held  I'e- 
sponsiblo  for  tho  damages  of  his  herd.  This  law  in  itself  is  a  commentary  on  the 
scarcity  of  timber  in  Utah." 

Iron  ores  occur  all  over  the  Territory  in  great  variety.  The  most  important  de- 
posits known  aro  in  Iron  County,  about  300  miles  south  of  Salt  Lake.  Tho  ore  belt 
is  15  or  20  miles  long  and  3  or  4  miles  wide.  The  ore  is  magnetite  and  hematite. 
Gold,  silver,  copper,  lead,  and  other  metals  also  abound  in  the  Territory,  and  tho  pro- 
duction of  tho  mines  is  annually  increasing.  The  reported  value  of  the  gold,  silver, 
copper,  and  lead  product  for  the  year  1886  is  |7,631,729. 

An  inexhaustible  supply  of  salt  is  obtained  from  tho  Great  Salt  Lake,  which  is  con- 
stantly fed  by  salt  springs,  which  abound  in  the  northern  part  of  the  Territory  and 
discharge  into  the  lake. 

Stock  raising  is  becoming  an  important  industry  in  Utah.  Much  land  unfitted  for 
agriculture  is  adapted  for  grazing  purposes,  and  tho  mountain  slopes  are  covered  with 
nutritious  grasses.  Cache  Valley,  the  valley  of  Green  River,  and  other  sheltered 
situations,  offer  superior  advantages  for  sheep  husbandry. 

If  Utah  is  deficient  in  timber  it  abounds  in  building  stones  of  good  quality  and 
great  variety  and  very  accessible.    Among  the  best  known  are  the  granite,  from  the 
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!iioutli  of  Littlo  Cottonwood  Canyon,  tho  rod  sandstono  noar  Salt  Lake  City,  and  the 
I'condury  sandstone  or  oolite  of  San  Poto  County.  At  Logan  there  is  an  easily  quar- 
,  icd  liniesLonc.  Marbles  of  varions  colors  and  snscoptiblc  of  good  polish,  are  fonnd  at 
iiKiny  points,  and  at  Antelope  Island  is  found,  in  unlimited  quantity,  a  green  and 
i)urple  slate,  which  for  roofing  and  some  other  purposes  is  said  to  bo  superior  to  the 
eastern  slates. 

Without  subscribing  in  all  respects  to  tho  views  expressed  in  tho  following  com- 
munication, kindly  forwarded  by  Mr.  O.  J.  Hollister,  of  Salt  Lake  City,  it  is  here 
given  in  full,  as  showing  in  general  the  manner  in  which  forestry  interests  are  spoken 
of: 

"In  tho  ordinary  use  of  the  word,  I  should  say  that  'forostry'  has  no  meaning  in 
Utah.  There  is  on  tho  acclivities  of  some  of  the  mountains  a  fair  growth  of  conifer- 
ous trees,  but  whoro  these  were  accessible  through  canyons  the  saw  timber  has  mostly 
been  cut  out  and  used.  Railroads  have  stripped  other  accessible  parts  of  tho  ranges 
for  ties,  and  in  the  mining  canyons  and  districts  all  the  timber  has  been  used  in  the 
mines  and  for  fuel — that  is,  all  that  is  within  reach.  Now  they  are  obliged  to  reach 
out  farther,  many  of  them  being  forced  to  use  the  railways  to  get  what  they  require. 
No  fires  ever  run  in  these  Utah  woods.* 

"Tho  natives  (Utes)  lived  more  in  the  valleys  than  in  the  mountains.  The  whito 
settlements  along  the  mountain  streams  of  course  protect  the  wild  lands  in  their 
vicinity  from  fires.  There  is  no  object  in  preserving  these  patches  of  trees  as  a  pro- 
tection to  the  streams,  either.  Tho  snow-fall  on  tho  mountains  is  very  heavy,  and 
does  not  melt  and  run  off  in  the  streams  until  Juno  and  July.  Tho  ground  in  tho 
mountains  is  thus  kept  wet  and  heavy  until  tho  snow  begins  to  fall  again.  There  is 
little  if  any  waste  of  timber.  Of  course  all  belongs  to  the  Government,  save  where 
the  miners  may  have  patented  the  lands  as  mines.  Most  of  the  timber  of  Utah  was 
itrigiually  confined  to  the  Wahsatch  and  the  Oqnirrh  ranges.  Tho  canj'ons  of  many 
•streams  admitted  the  lumberers  and  saw-mills  to  the  former,  and  to  a  less  extent,  the 
range  being  far  slighter,  to  tho  latter. 

"  In  tho  southern  part  of  the  Territory,  tho  varieties — Cedar  and  PiQou  Pine — are 
more  scattered  and  scrubby.  The  more  valuable  varieties  of  the  Wahsatch  and 
Oqnirrh  are  the  Red  Pine,  Black  Balsam,  and  tho  Whito  Pine.  More  than  half  of 
tho  finest  growth  of  the  Wahsatch  is  said  to  be  of  tho  white  or  inferior  pine.  The  Red 
Pine  and  Black  Balsam  make  a  railroad  tie  that  lasts  ten  years.  On  the  Oqnirrh 
the  trees  ai-c  chiefly  Red  Pine.  The  Scrub  Cedar  and  Piiion  Pins  aro  of  littlo  value 
except  for  posts,  ties,  and  fuel.  The  larger  trees  of  the  better  varieties  furnish  a 
lumber  not  technically  clear,  but  tho  knots  are  held  so  fast  that  they  are  no  great 
detriment,  and  the  lumber  is  practically  clear.  For  many  years  a  great  part  of  tho 
lumber  used  in  the  Territory  has  been  imported  from  Nevada  or  Wyoming.  Ordinary 
rough  building  and  fencing  lumber  is  worth  about  $25  i)er  thousand  ;  flooring  and 
finishing,  perhaps  $45.  In  the  early  settlement  of  Utah  willow  brush  and  even  sage 
lirush  were  used  for  fencing.  Now  the  use  of  barbed  wire,  strung  npon  cedar  posts, 
is  almost  universal.  Very  little  wood  is  used  for  fuel,  even  tho  mines,  as  well  as  the 
railroads,  using  coal,  of  whicli  there  is  a  great  abundance  in  the  Territory,  and  also 
in  Wyoming,  near  tho  eastern  line  of  Utah.  .The  native  growth  of  forest  exercises 
the  mind  of  the  people  not  at  all.  What  trees  they  have  they  have  planted,  watered, 
and  tilled.  Tho  settlements  in  the  lower  valleys  are  collections  of  orchards,  the 
streets  lined  with  shado  trees.  After  being  once  well  started,  and  becoming  of  some 
size,  they  seem  to  do  petty  well  even  without  water.  Very  little  attention  has  been 
given  as  yet  to  starting  plantations  of  trees  other  than  for  purposes  of  shade.  It  is 
doubtful,  perhaps,  if  the  valleys  are  very  well  adapted  to  the  growth  of  trees;  doubt- 
ful if  they  would  not  come  to  maturity  and  begin  to  decay  before  reaching  any  great 

'The  census  of  1880  reports  4-2,865  acres  of  woodland  in  Utah  destroyed  by  flro  dur- 
ing tho  census  year. 
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size  or  ago.  One  gets  that  impression  from  observing  the  Locnsts,  the  Cottonwoods, 
the  Bos  Elders,  and  the  Poplars  grown  in  the  towns  for  shade.  But  possibly  they  do 
not  have  as  fair  a  show  for  thrifty  growth  and  long  life  as  they  would  in  more  secluded 
places,  where  the  earth  would  not  be  tramped  upon  their  roots,  and  their  bodies  con- 
stantly marred  and  bruised.  Undoubtedly  more  and  more  attention  will  be  given  in 
Utah  to  the  raising  of  forest  trees  as  the  Territory  becomes  more  thickly  settled.  But 
there  is  not  enough  land  that  can  be  spared  for  such  a  use  to  ever  make  it  of  much 
importance." 
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Effects  of  forests  on  the  water  supply. 


Tliey  tend  to  increase  the  water  supply. 

But  little  in  this  county;  amount  of  rain  fall  or 
precipitation  determined  by  the  condensation 
as  caused  by  the  mountain  ranges. 


Forests  prevent  the  snows  from  melting  too  rap- 
idly in  the  spring  and  protect  the  springs  and 
rivulets. 


Tbev  keep  the  ground  moist  and  promote  rain- 
fail. 

The  headwaters  of  all  important  streams  are 
protected  and  nourished  by  forests. 


TAltinor  narlv  in 


FOREST  FLORA  OF  THE  ROCKY  MOUNTAIN  REGION. 


By  George  B.  Sudwokth, 

Forestry  Dieision. 


The  following  chapter  is  iuteucled  to  embody  an  account  of  all  the 
strictly  woody  plants  occurring  in  the  Rocky  Mountain  region.  These 
have  been  divided  into  arborescent  and  nonarboresceirt  species.  But 
the  dividing  line  must  necessarily  be  an  arbitrary  one,  and  undoubtedlj' 
many  exceptions  could  be  taken  to  the  species  thus  termed  arborescent, 
a  large  number  being  little  more  than  shrubs  as  commonly  found,  yet; 
the  controlling  feature  has  been  rather  the  capabilities  of  each  species 
under  specially  favorable  conditions,  such  as  may  occur  more  or  less  in 
the  region  under  consideration. 

Besides  the  range  of  each  species  within  the  Eocky  Mountain  region, 
the  general  distribution  of  those  species  not  particularly  confined  to 
these  limits  has  been  placed  in  parentheses  and  given  mostly  in  general 
terms.  The  descriptions  of  the  species  do  not  pretend  to  be  technical 
(or  even  complete),  the  attempt  here  made  being  rather  to  avoid,  as  far 
as  possible,  the  use  of  such  botanical  terms  as  will  not  be  readily  un- 
derstood by  the  laymen,  and  to  note  such  characters  as  are  most  apt  to 
be  seen  by  the  casual  observer;  hence  the  lack  of  attention  to  floral 
organs  as  ptudied  by  the  professional  botanist.  An  artificial  key  to  the 
genera  and  species  has  been  prepared  on  the  same  basis,  and  it  is 
hoped  will  lend  some  aid  to  the  laymen  in  studying  the  flora.  A  fuller 
description  has  been  given  only  for  the  arborescent  species. 

The  conifers  have  been  somewhat  arbitrarily  arranged  and  placed 
first,  as  in  this  region  at  least  they  are  without  doubt  forestally  of 
greatest  importance ;  otherwise  the  order  of  arrangement  followed  is 
that  of  Bentham  and  Hooker's  Genera  Plantarum.  The  nomenclature 
is  that  given  by  Dr.  Gray  in  his  Synoptical  Flora  of  North  America, 
supplemented  by  that  adopted  by  Dr.  George  En glemann,  Professors 
Sereno  Watson,  M.  S.  Bebb,  and  C.  S.  Sargent.  As  regards  the  com- 
mon names  used,  such  confusion  exists  that  it  is  diflBcult  to  determine 
which  names  are  most  used  and  most  appropriate ;  for  in  many  sections 
the  same  name  is  applied  to  different  species.  But  it  is  highly  desir- 
able for  practical  purposes  that  a  uniformity  in  nomenclature  should  be 
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maintained  ;  and  it  is  with  this  object  in  view  that  the  selection  of  ihe 
first  name  given  has  been  made. 

Information  has  been  derived  from  an  examination  of  herbarium  and 
other  specimens,  as  well  as  from  a  free  use  of  a  large  number  of  forestal 
and  botanical  publications ;  among  them  Gray's  Manual,  Watson's 
Botany  of  California,  Prof.  C.  S.  Sargent's  Forests  of  North  America, 
Coulter's  Manual  of  liocky  Mountain  Botany,  together  with  various 
Government  reports  and  current  botanical  and  forest  literature.  In- 
formation has  also  been  derived  from  the  personal  observations  and 
correspondence  of  Col.  E.  T.  Ensign. 


ARTIFICIAL  KEY  TO  GENERA  AND  SPECIES. 

1.  Leaves  without  a  true  stem  : 

Needle-shaped  or  scale-like Conifers. 

Sword-sliapcd,  very  long,  thick,  attached  toau  unbranchod  trunk..       Yuccas. 

II.  Leaves  with  a  trnc  stem  and  a  more  or  less  broad  blade . .  Buoat>Lk.\ved  Tukes. 

III.  Leaves  none  (anomalous) 41) 


CONIFERS. 
Leaves  in  clusters: 

2,3  (not  regularly  4),  or  5,  with  a  delicate  scaly  sheath  at  the  base  :  Pinks: 

Leaves  2  in  a  sheath  : 

1  to  2  inches  long;  cones  with  blunt  scales .'') 

1  to  3  (mostly  2)  inches  long  ;  cones  with  prickle-pointed  scales 1* 

Leaves  3  (sometimes  2)  in  a  sheath  : 

2i  to  3i  inches  long;  cones  with  delicate  prickles 

~ —     3  to  G  inches  long;  cones  with  strong  prickles \"-:.. 7 

Leaves  5  in  a  sheath  : 

1  to  IJ  inches  long  ;  cones  with  delicate  prickles G 

1 J  to  2J  inches  long ;  cones  with  blunt  scales 3 

IJ  to  2  (exceptionally  2}  to  3)  inches  long 2 

2J  to  4  inches  long  (often  4  in  a  sheath) ;  seeds  largo,  wingless 4 

3  to  4  inches  long;  seeds  small,  winged '. 1 

More  than  5,  proceeding  from  a  bud:  Lauciies  : 

14  to  20  leaves  in  a  cluster 20 

40  to  50  leaves  in  a  cluster 21 

Leaves  single: 

Bristling  all  around  the  branches ;  more  or  less  4-sided  and  pointed  :  RrnucES : 

Leaves  very  stiff,  stout,  and  acutely 2>ointed 1- 

Leaves  moderately  stiff,  rather  slender,  awl-pointed : 

Cones  with  margin  of  scales  entire "* 

Cones  with  margin  of  scales  indented H 

Comb-like,  or  2-ranked  in  arrangement  on  the  branches,  flat,  blunt,  notched, 

or  pointed : 
Leaves  rather  thin,  on  slender  branches;  cones  hanging,  scales  persistent : 
Hemlocks,  etc. : 

With  3-pointed  bracts  protruding  from  under  the  scales !'•' 

With  no  bracts  protruding  from  under  the  scales : 

Cones  i  to  J  of  an  inch  long,  downy ^ ' 

Cones  2  to  3  inches  long,  not  downy ^~ 
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Leaves  single— Continued. 

Leaves  rather  ihiclc  and  stiff,  on  stout  branches  ;  cones  erect,  scales  deciduous: 
Fius : 
With  a  delicately-pointed  bract  attached  to  the  back  and  extending 

beyond  the  end  of  each  scale 13 

With  bracts  not  extending  beyond  the  ends  of  the  scales : 
Cones  cylindrical,  slender  (2  to  over  5  inches  long) ;  leaves  1  to  1^ 
inches  long,  glossy,  and  with  white  lines  on 

underside 15 

Cones  broadly  ovate  stont  (2f  to  5  inches  long);  leaves  1  to  3  inches 

long,  pale  green IG 

Cones  narrowly  ovate  (2  to  3  inches  long) : 
Leaves  broad,  thick,  dense,  acutely  i)ointed,  and  attached  by  a  broad 

base 14 

Scattered  (but  somewhat  2-ranked)  on  the  branches,  thin,  very  concave  on 

the  underside ;  with  a  sharp  ridge  or  keel  on 
the  upper  side,  and  tapering  suddenly  to  a 

short  needle-point :  Yew 27 

Leaves  scale-like,  2  opposite,  overlapping  (sometimes  3  in  a  whorl)  on  the 

branchlets:  ~ 

Leaves  {scales)    Hunt  or   only   slightly  acute ;  fruit  a  cone ;  heart-wood 

chiefly  brownish :  Cedars,  etc. : 
Forming  rather  long  flat  branchlets;  cones  ovate,  made  up  of  a  few  loose 

scales 22 

Forming  short  4-angled  branchlets;  cones  ball-like,  made  up  of  a  few 

scales,  each  with  a  hooked  protuberance 23 

Leaves  (scales)  needle-pointed,  or  at  least  sharp-pointed ;  fruit  a  berry,  or  nut- 
like; heart-wood  chiefly  reddish :  Juxipeks: 
Forming  4-anglcd  branchlets: 

Foliage  whitish;  fruit  large,  i  an  inch  in  diameter 24 

Foliage  whitish,  but  with  smaller  fruit,  i  of  an  inch  in  diameter 25 

Foliage  glossy  green  (or  tawny  in  winter) ;  fruit  less  than  J  of  an  inch 

in  diameter,  with  scale-like  points 2(5 


BROAD-LEAVED  TREES. 

Leaves  simple;  '•  <?•>  the  blade  of  one  piece  and  not  more  modified  than  by 

iobes  or  teeth. 
A. — Leaves  set  alternatehj^  on  the  branches. 
Branches  armed: 

a.  With  true  thorns  ;  fruit  apple-like  (not  in  size):  Hawtiiouns: 

Leaves  smooth,  or  with  few  hairs  only  on  the  veins;  fruit  blackish 53 

Or  with  a  few  hairs  generally  distributed  over  theupper  surfiicc  ; 

fruit  black-purple 54 

Leaves  downy  (sometimes  smooth)  above;  fruit  red-orange 55 

b.  With  thorn-like  branchlets;  fruit  berry-like  or  a  plum  : 

Leaves  small,  i  to  J  of  an  inch  long  ;  fruit  berry -like,  with  scanty  flesh, 

with  a  beak :  Bucktiioun 21) 

Leaves  much  larger  and  longer ;  fruit  a  plum,  fleshy,  witliout  a  boak  : 
Plums : 

Leaves  I A  to  2  inches  long 43 

Leaves  2  to  3  inches  long 42 
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Leaves  simple,  etc.— Continnetl. 

Branches  unarmed: 
Leaves  evergreen — ihicliah,  leathery ;  densely  woolly  or  minutely  downy  on 
the  under  surface : 
a.  Margin  more  or  less  indented  or  sometimes  entire :  j 

Fruit  an  acorn:  ' 

Leaves  1  to  2  inches  long 69 

Leaves  2  to  3^  inches  long 72 

Fruit  a  tailed  seed;  leaves  |to  1^  inches  long 51 

6.  Margin  entire  and  rolled  back  ;  fruit  a  tailed  seed 50 

Leaves  deciduous,  Ihiu,  not  leathery: 
Margin  entire;  leaves  very  narrow,  less  than  one-quarter  of  an  inch 
wide: 

Fruit  a  long  (G  to  12  inches)  pod 61 

Margin  variously  indented,  but  sometimes  entire,  or  nearly  so;  leaves 
more  than  one-quarter  of  au  inch  wide  : 
a.   With  fine  (uot  pricklo  or  bristle  pointed)  teeth: 
Bark  bitter;  fruit  (seed)  borne  in  deciduous  catkins,  and  when 
mature,  cottony: 
Leaves  broad,  triaiiglc-shaped,  or  ovate  (in  84) ;  branches  often 
angled;  buds  resinous:  Poplars: 
Triangle-shaped : 

Smooth  on  both  sides 82(86) 

White-downy  on  the  under  surface 63 

Ovate  (exceptionally  narrow,lancc-shaped);  smooth  both  sides.        84 
Leaves  narrow,  lance  shaped;  branches  round;  buds  not  resin- 
ous: Willows: 

Less  than  |  an  inch  wide,  mostly  -g  to  i  of  an  inch 80 

More  than  |  an  inch  wide: 

Pale  or  whitish  on  the  under  surface  : 

Leaf  stems  with  glands  at  the  base  of  the  blade 79 

Leaf-stems  without  glands 78 

Brownish  downy  on  the  under  surface 81 

Bark  uot  bitter: 

Separating  (on  trunk)  into  thin  papery  layers  or  sheets;  seeds 

in  a  deciduous  scaly  catkin  and  with  wings:        i 
BiRCiiKs: 

Coppery-yellow;  leaves  1  to  1^  inches  long 74 

Chalky-tvhite ;  leaves  2  to  3i  inches  long 73 

Not  separating  into  layers  or  slieets;  fruit  fleshy,  or  a  winged 

seed  in  a  persistent  catkin: 
Leaves  unequal  sided  (unsymmetrical),  mostly  entire,  but  occa- 
sionally with  small  teeth  : 
Very  rough  on  the  upper  surface;   fruit  cherry-like,  dry, 

sweet 63 

Smooth  above,  hairy  on  under  side ;  fruit  a  flat  winged  seed — 

samara ;  belongs  under  "coarse  teeth" 62 

Leaves  equal-sided  (symmetrical)  and  always  foothed  ou  the  mar- 
gin: 
Rough;  freshly-wounded  bark  exuding  a  milky  j  nice 64 
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Leaves  simple,  etc.— Coutiuuod. 

Smooth;  bark  without  milky  juice: 

^^^^^^  Fruit Jkshy,  or  at  least  berry-like: 

■B^^^^M  1-Bcedcd  (a  stone),  globular:  Ciikukius: 

^^^^I^B  With  mostly  rouudod  teeth  ou  tho  margin  of  leaf 45 

^^^^T  With  sharp  teeth  on  tho  margin  of  the  leaf: 

^^^^K  Dull  green  on  upper  surface  of  leaf;    commonly 

^^^^B  downy  below ;  teeth  straight 47 

'^^^B  Shiny  green  on  upper  surface  ;   not  downy  below ; 

^^^^K  teeth  more  or  less  iucurved : 

^^^K  Green  on  the  under  surface 44 

^^^H:  Pale  on  tho  under  surface  : 

^^^^V  Margin  often  with  teeth  of  two  sizes 48 

^^^^K  Margiu  with  teeth  of  only  oue  size 46 

^^^H  3-seeded,  pear-shaped  :  Buckthorns  : 

^^^B  Margin  of  leaf  wavy,  sometimes  with  ver;/  small  teeth, 

^^^H^  or  nearly  entire 30 

^^^^B  Margiu  of  leaf  always  toothed  and  somewhat  downy 

^^^^K  ou  the  under  surface „ 31 

^^^H  Fruit  not  fleshy  nor  berry-like — a  catkin  with  persistent 

^^^H  woody  scales :  Aldeus  : 

j.^^^B*  Base  of  the  leaf  wedge-shaped 75 

HI|B  Base  of  the  leaf  rounded  or  heart-shaped 77 

b.  With  coarse  (not  bristle  or  prickle  pointed)  teeth: 

Loaves  equal-sided ;  teeth  of  oue  size  or  of  two  sizes  aud  glandular- 
pointed: 
Broadly  triangle-shaped,  not  glandular-toothed ;  bark  bitter : 

f^^^L                                    Poplars  : 
^^^P  Teeth  hairy,  close,  and  much  in,curved 85 

Teeth  not  hairy,  rather  distant,  and  but  slightly  iucurved.. ..        86 
Ovate  or  lance-shaped,  glandular-toothed;  bark  not  bitter :  Aldeh       76 
Leaves  unequal-sided;    teeth  of  two  sizes,   but  not  glandnlar- 

pointed:  Elm 62 

c.  With  deeply-cut  blunt  or  parMted  lobes,  distant-undulate,  prickle  or 

bristle  pointed  teeth : 
Circular  in  outline,  with  3  to  7  (mostly  5)  deep,  sharp-pointed 

lobes;  fruit  a  "  ball":  Sycamoue 65 

Ovate,  etc.,  in  oatline;  fruit  an  acorn  :  Oaks: 
Leaves  very  large,  4  to  10  inches  in  length,  with  3  to  6  pairs  of 

deep  blunt  lobes 68 

Leaves  smaller,  mostly  less  than  3  inches  loug: 
With  bristle-pointed,  deeply-cut  teeth  (occasionally  with  3  to 

W5  somewhat  equal  blunt  lobes) 67 
With  j)rickle-pointcd  shallow  teeth  (sometimes  with  wavy,  but 
not  lobed  margiu) : 
Ilalberd-shaped  ;  mature  leaves  usually  glossy  green  on  both 
sides 71 

^  Ovate  or  elliptic ;  mature  leaves  usually  dowuy  on  the  under 

side 70 

B.— Leaves  set  opposite^  on  the  branches : 
Margin  deeply  cut  with  3-pointed  lobes;  fruit  (seed)  a  2- winged  key": 

I                                                   Maples  : 
Lobes  mostly  entire,  or  only  occasionally  with  coarse  teeth 35 
Lobes  always  with  rather  One  sharp  teeth 34 
Margiu  entire,  or  only  slightly  indented  with  shallow,  rounded  teeth ;  fruit 
a  l-seeded  key' :  Ash 57 
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Leaves   compound:    it;.,  composed  of  leaflets  wliicb  are  arranged  in  pairs 

(ojiposite)  along  a  leaf-stem  (piiinately  com- 
pound) as  in  peas  and  beans;  or,  a  number  ol" 
Icatlets  radiating  Irom  the  end  of  the  leaf-stem 
(digitate  or  palmatcly  compound),  as  in  the 
Horse  Chestnut, 
A.— Loaves  (not  loallets)  set  alfernalelij*  on  the  branches. 
Branches  armed : 

ll'ilh  2)airs  of  straight  thorns;  leaflets  equal-sided  (synmietrical): 
Branchlets  and  loaf-stems  thickly  set  with  bristle-like  hairs  with  glands 

at  the  tips 87 

Branchlots  and  leaf-stems  not  glandular-hairy  : 

Thorns  pearly  white ;  fruit-pods  closely  coiled  iu  a  spiral iO 

Thorns  yellowish  ;  fruit-pods  flattened  (not  coiled) S9 

With  short  hooked inickles ;  leaflets  unequal-sided  (unsymnictrical) ..        41 

Branches  unarmed : 

Leaflets  evergreen  ;  fruit  a  pod  (contracted  between  the  beans)  with  red, 

white-scarred  beans 3ri 

Lcafids  deciduous;  fruit  not  a  pod  : 
Leaflets  unequal-sided  and  often  not  quite  opposite  on  (he  leaf-stem..        3:5 
Leaflets  e(iual-sided  and  opposite  on  the  leaf-stem  : 
Leaflets  3  ;  fruit  iu  clusters,  aflat,  light-colored  seed  with  a  wing  all 

around  (resembles  an  Elm-seed) 28 

Leaflets  more  than  3 ;  fruit  berry-llko  or  a  nut : 

Leaflets  long-pointed ;  fruit  a  nut  with  a  wriukled  shell CO 

Leaflets  short  pointed  : 

Fruit,  berry- like,  red,  in  flat  clusters 52 

Fruit  not  berry -like — 3  dark,  shiny  nuts  in  a  3-lobed  husk 33 

B.— Leaves  set  ojyjosi/c  3  on  the  branches. 
Wo  )d  with  a  large,  white,  soft  pith;  fruit  (berries)  black,  but  white  with 

bloom,  clustered 50 

Wood  with  a  small,  dark,  rather  hard  pith  ;  fruit  (seed  a  thin-winged 
key: 

Leaflets  3  to  5;  seeds  (keys)  in  pairs,  but  separable  :  Box-elder 3f! 

Leaflets  more  than  5  ;  seeds  (keys)  single ;  Ashes  : 

Leaflets  smooth  and  green  on  bothsides GO 

liCaflets  smooth  and  green  above,  but  more  or  loss  downy  on  the  under-       . 

side :  '. 

Inner  bark  of  the  branches  red  ;  young  shoots  and  leaf-stems  rusty-       j 

velvety :  i 

Mature  seeds  (keys)  li  to  2  inches  long 69 

Inner  bark  of  branches  not  red  ;  young  shoots  and  leaf-stems  downy 
(not  rusty) : 
Mature  seeds  (keys)  f  to  If  inches  long iio 


YUCCAS. 

[Trees  with  unbrauchcd  trunks  and  wood  not  in  annual  layers— a  mingled  mass  >f 

fibers.  ] 


Leaves  1  to  nearly  3  feet  long: 

Less  than  I  an  inch  wide 

More  than  i  an  inch  wide  (1^  to  2  inches)- 
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CONIFERS:  PINE  FAMILY. 

l.~WniTE  Pine.    "  Mountain  Pine."    [Pinus  monticola,  Douglas.) 

A  large  and  important  timber  tree,  occurring  in  northern  Montana 
and  Idaho  (also  in  southern  British  Columbia,  and  from  Washington 
Territory  to  southern  California)  between  3,000  and  10,000  feet  eleva- 
tion, usually  occurring  on  a  poor,  sandy  soil.  lu  northern  Montana  it 
attains,  perhaps  its  most  valuable  size,  GO  to  100  feet  high  and  over  3 
feet  in  diameter.  The  wood  is  quite  similar  to  that  of  the  White  Pine 
of  the  Northeast  {Pinus  strohus,  Linn.),  and  is  used  considerably  for 
lumber  throughout  its  range. 

Description. — Leaves  in  fives  (with  small  distant  teetli)  often  3  to  4  inches  long. 
Cones  5  to  8  inches  long  (on  long  stems),  slender,  cylindrical,  yellowish-brown  ;  pend- 
ulous the  second  year  ;  seeds  small,  light-colored.  Bark  jiale,  rather  smooth,  break- 
ing up  into  squarish  plates.  (Distinguished  from  Pinus  strolnis  by  its  longer  coups 
and  stiffer  leaves.) 

2. — White  Pine.    {Pinus  JlexiUs,  James.) 

Next  to  the  Bull  Pine  (No.  7)  in  its  general  distribution,  on  dry,  rocky, 
ridges ;  and,  although  its  wood  is  inferior  to  that  of  the  former,  it  is 
used  for  many  of  the  same  purposes ;  in  parts  of  Wyoming  and  Mon- 
tana furnishing  most  of  the  local  supply  of  lumber  for  domestic  pur- 
poses. Generally  found  growing  on  eastern  slopes  at  altitudes  from 
4,000  to  10,000  feet,  from  Montana  (probably  much  farther  north)  to 
New  Mexico ;  (also  in  the  Guadalupe  and  Limpia  Mountains,  western 
Texas ;  the  high  ranges  of  Utah,  Nevada,  northern  Arizona,  and  in  the 
luyo  Mountains  and  Mount  Silliman,  California.)  It  attains  a  height 
of  50  to  75  feet,  with  a  diameter  of  3  feet  and  over. 

Wc8cry><ion.— Leaves  in  lives,  1^  to  2  (exceptionally  2^  to  3)  inches  long.  Cones  on 
very  short  stems,  oval  or  rather  cylindrical,  3  to  5  inches  long  and  light  brown  ; 
scales  spreading  widely  at  maturity.  Crown  roundish  ;  branches  drooping ;  bark 
fnriowed  and  gray. 

3.— IIOABY-B RANCHED  PiNE.    {Piuus  alMcauUs,  Eugelm.) 

A  tree  of  little  economical  importance,  as  it  rarely  attains  a  useful 
size.  It  has  a  limited  rangie  in  the  Eocky  Mountain  region,  occurring 
^uiy  on  high  ridges  in  northern  Montana  (but  on  the  Pacific  coast  ex- 
tends from  southern  California  to  British  Columbia).  It  grows  in  dry, 
gravelly  soil,  reaching  up  to  the  extreme  line  of  timber  growth,  where 

I  it  becomes  a  shrub;  sometimes  40  feet  in  height  and  1  to  li  feet  in 
diameter,  though  generally  smaller  where  it  occurs  .in  greatest  abun- 


lance.    Wood  light  and  soft. 


159 


160 

i)escri})tion. — Leaves  iu  lives  (ami  fours),  IJ  to  2^  inclies  long.  Cones  1 J  to  3  inches 
long;  their  few  scales  thickened  at  the  cud  and  the  blunt  tip  turned  up  ;  scales  ftUI- 
ing  away  after  the  cone  is  ripe;  purple  when  young,  reddish-browu  at  maturiij-. 
Bark  milky  white,  especially  on  smaller  branches. 

4. — White  Pine.    {Pinus  rejlexa,  Engelm.) 

Only  sparingly  distributed  tUrougli  southwestern  New  Mexico  and 
southeastern  Arizona,  usually  on  rocky  slopes  between  0,000  and  8,000 
feet.  It  reaches  a  height  of  GO  to  90  feet,  with  a  diameter  of  2  feet ;  i.s 
generally  a  taller  and  more  slender  tree  than  the  more  northern  While 
Pines.    The  wood  is  light,  hard,  very  flexible,  but  little  used  for  lumber. 

Description.  — Leaves  in  fives  (and  fours),  slender,  2|  to  4  inches  long.  Cones  .G  to  8 
inches  long,  ou  thick  stems,  ^  to  1^  inches  long,  and  erect  the  first  year,  but  recurved 
the  second.  Seeds  large,  flattened,  wingless;  sweet  as  those  of  the  Nut  Piue  (/'i«^i« 
edulia,  Engelm).    Trunk  slender,  of  ten  crooked,  with  few  branches  at  top. 

5.-— PiNON  Pine.    Nut  Pine.    {Pinus  eduUs,  Engelm.) 

A  small  trse,  but  of  considerable  importance  throughout  its  range, 
extending  through  southern  Colorado,  New  Mexico,  and  western  Texas, 
generally  occupying  sand  and  limestone  slopes  up  to  9,000  feet.  Said 
to  be  found  also  iu  southern  Wyoming.  Varies  much  in  size,  from  20 
to  50  feet,  but  oftener  about  25  feet,  with  a  diameter  of  1  to  2  feet.  The 
wood  is  light,  soft,  and  quite  durable  when  exposed  to  moisture.  It  is 
especially  valuable  for  fuel,  for  which  it  is  extensively  used,  as  also  for 
manufacturing  charcoal,  and  for  fencing ;  occasionally  used  for  poor 
quality  of  lumber. 

Description. — Leaves  chiefly  iu  twos,  1  to  2  inches  long,  rigid,  much  curved  or 
straight.  Cones  1^  to  2  inches  long,  globose  ;  ends  of  the  few  scales  prolonged  into 
a  truncate-pyramidal  tip  ;  light  russet  color  at  maturity.  The  seeds  ( nuts )  are 
sweet  and  edible.     Generally  a  low  tree  with  round  crown  and  bushy  habit. 

6. — Fox-TAIL  Pine.    Hickory  Pine.     {Pinus  Balfouriana  Murray, 

var.  at'istata,  Engelm.)  i 

Rather  rare,  occurring  chiefly  iu  Colorado  (but  westward  through 
Utah,  Nevada,  and  southeastern  California)  on  dry  rocky  ridges  between 
7,500  and  12,000  feet.  It  attains  a  height  of  from  50  to  100  feet,  with  a 
diameter  of  3  to  8  feet.  The  wood  is  hard,  tough,  of  a  reddish  color, 
and  where  found  in  the  mining  districts  has  been  much  employed  for 
timbering  mines,  and  to  some  extent  for  lumber. 

Description. — Leaves  in  fives,  1  to  1^  inches  long,  curved  toward  and  closely  pressing 
the  branch.  Cones  terminal,  oval;  purple  when  young,  russet-brown  at  maturity; 
'2\  to  3J  inches  long,  with  delicate  prickles,  which  are  recurved  as  the  cone  mature^. 
Bark  reddish  gray. 

7. — Bull  Pine.     Yellow  Pine.    Heavy-AVooded  Pine.     {Pinus 

ponderosa,  Dougl.) 

The  predominant  and  most  generally  distributed  tree  of  the  Rocky 
Mountain  region,  and  for  commercial  purposes  the  most  important.    It 
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is  among  the  hardiest  of  the  Conifers^  aud  {^rows  in  the  must  arid  aud 
e.\iK)sed  sites,  usually  occupying  southern  exi)osures.  It  occurs  at  ele- 
vations between  1,500  aud  0,500  feet.  It  does  not  attain  as  hirge  a  size 
iu  the  Kocky  Mountains  as  in  the  California  Sierras,  although  in  Mon- 
tana sometimes  reaching  100  feet  in  height,  and  0  to  7  feet  in  diameter. 
The  wood  is  quite  resinous,  of  a  reddish  color,  with  a  handsome  grain, 
and  is  largely  employed  for  lumber,  railroad  ties,  mining  timber,  and 
somewhat  for  interior  tiuish. 

Dci'-iiplioii. — Loaves  in  thrccH  (often  in  twos),  3  to  G  inchcH  Ion}»,.bni8b-like  at  the 
ends  of  the  braucblets;  persistent  three  years.  Cones 'J  to  :?  inches  lonj^  (or  more), 
gray-browu,  with  strong  prickles.     Bark  very  tliiek,  in  ohl  trees,  :}  to  4  inches. 

8. — Chiii,UAHUA  Pine.    {Pinus  CMhualiuana,  Engelm.) 

Somewhat  rare  and  of  limited  range ;  found  on  rocky  slopes  of  south- 
western New  Mexico  (extending  into  southern  Arizona  aud  northern 
New  Mexico),  at  elevations  between  5,000  and  7,000  feet :  30  to  70  feet 
high,  1.^  feet  in  diameter.    Wood  light  and  strong. 

Description. — Leaves  mostly  iu  threes  (twos  aud  fours  also),  2^  to  UJ  inclies  long: 
cones  on  stems  i  to  J  au  inch  long,  li  to  2^  inches  long;  dark  brown,  with  short  del- 
icate prickles. 

1).— Black   Pine.     Lodge-Pole   Pine.    Tamarack.    {Pinus  Mur- 

rayana,  Balfour.) 

Rather  abundant  throughout  the  Eocky  Mountain  region,  extending 
westward  and  northward,  but  more  common  in  the  northern  portion, 
forming  large  forests  of  pure  growth.  It  is  said,  however,  to  attain  its 
greatest  size  in  southern  California — 60  to  100  feet,  with  a  diameter  of 
over  3  feet.* 

Usually  found  growing  iu  slightly  moist  or  dry  gravelly  soil  between 
(i,000  aud  9,000  feet  elevation.  The  wood  is  soft  and  light,  not  unlike 
that  of  the  White  Pines ;  employed  to  some  extent  for  lumber,  railroad 
ties,  and  much  for  "lagging"  iu  mines. 

Description. — Leaves  in  twos,  1  to  3  inchos  long,  but  chiefly  2  inches,  with  flue 
teeth.  Cones  2  to  3  inches  long,  reliexed,  and  with  delicate  recurved  prickles.  Bark 
very  thin  and  acaly,  grayish-brown.  Crown  conical.  Kesembles  the  Scrub  Pine 
Wiimx  contorta,  Dougl.),  but  distinguished  from  it  by  having  longer  aud  wider  leave.s, 
as  well  as  by  a  much  thinner  bark. 

10.— White  Spruce.    Single  Spruce.    {Picca  alba.  Link.) 

A  large  aud  important  timber  tree,  growing  in  rather  wet  soil  on  the 
borders  of  ponds  and  streams,  reaching  over  100  feet  iu  height  and  2  to 
3  feet  iu  diameter.  In  the  Rocky  Mountain  region  it  occurs  only  in 
northern  Montana,  and  attains  its  greatest  size  in  the  Flathead  region 


•  When  growing  iu  thickets  it  is  often  imperfectly  developed,  and  is  called  "  Lodge- 
polo  Pine  ; "  such  trees  sometimes  being  over  fifty  years  ohl,  with  a  diameter  of  not 
more  than  G  to  b  inches. 

;H73S— Bull  2 U 
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at  altitudes  of  2,500  to  3,500  I'eet.  (From  British  Coliiiiibia  and  noitb- 
wani  the  range  of  this  si)ecies  extends  ak)iig  the  northern  bonnihiry  of 
the  United  States  to  Maine  and  northward.)  Extensively  used  for  lum- 
ber, and  as  such  not  distinguished  from  that  of  the  Black  Spruce  {Picea 
nigni,  Link.),  with  which  it  rs  much  associated  in  its  northern  distribu- 
tion. 

De8(.ri2>lion. — Leaves  i  to  S  of  an  iucb  long,  stiff,  erect,  or  curved.  Cones  nearly 
sessile  or  on  stems  ^  to  \  of  an  inch  long;  1  to  2  inches  long,  cylindrical  or  oblong  ; 
scales  witb  entire  margin. 

11. — Engelmann's  Speuce.    White  Spruce.    Red  Spruce.    {Picea 

Engelinanni,  Eugelm.) 

The  most  valuable  timber  tree  in  the  Rocky  Mountain  region,  form- 
ing large  forests.  It  ranges  from  New  Mexico  to  Montana  (westward 
and  north  of  the  United  States  boundary),  usually  seeking  dry  gravelly 
ridges  between  5,000  and  11,500  feet;  in  Colorado,  where  it  attains  its 
greatest  size,  occurring  at  elevations  from  9,000  feet  up  to  the  timber 
line;  100  to  130  feet  in  height,  and  over  3  feet  in  diameter;  but  at  the 
highest  limit  of  growth  only  a  prostrate  shrub.  The  wood  is  tough, 
strong,  and  elastic.  Nearly  all  the  rough  and  dressed  lumber  used  in 
the  Rocky  Mountain  region  is  of  this  spruce.  It  is  best  adapted  toinsido 
work,  but  when  well  seasoned  and  protected  with  paint  can  be  used 
outside;  is  said  to  warp  and  crack  too  much  for  good  shingles.  The 
wood  is  also  largely  used  for  fuel  aiid  charcoal.  Bark  valuable  for  tan- 
ning. 

The  spruce  forests  in  the  Rocky  Mountain  region  are  very  important 
in  holding  the  snow  and  preserving  a  How  of  water  in  the  streams. 
Thus  the  snow  is  often  retained  as  late  as  the  1st  of  August;  and  the 
growing  season  for  these  trees  docs  not  average  more  than  two  months. 

Dcscri})tion. — Leaves  \  to  V*(j  of  an  inch  long,  strongly  keeled,  and  awl-pointed. 
Cones  ovate-cylindrical;  1|  to  2|  inches  long,  and  f  to  1  inch  in  diameter;  on  stems 
I  to  5  of  an  inch  long;  reddish  brown  when  mature;  scales  thin,  horny, -rhomboidal, 
with  truncate  tip,  which  is  entire,  with  two  to  three  small  teeth,  or  rounded. 
Branches  mostlj'  short  and  small.     Bark  scaly,  grayish,  or  reddish-purple. 

12.— Blue  Spruce.    White  Spruce.    "Balsam."    {Picea  pungens^ 

Engelm.) 

A  local  and  somewhat  rare  tree  occurring  in  central  Rocky  Mount 
ain  region — Wyoming,  Colorado,  and  Utah — between  G,000  and  y,00(» 
feet.  It  prefers  a  damp  soil,  and  grows  rai»idly  in  such  situations,  at 
taining  a  height  of  over  100  feet,  with  a  diameter  of  3  feet  or  more.  The 
wood  is  light,  soft,  weak,  and  probably  of  little  value.  The  trunks 
taper  too  rapidly  to  be  cut  into  lumber  to  advantage. 

DescripHon. — Leaves  i  to  i^,,  of  an  inch  long,  rigid,  4  angled,  needle-pointed.  Cones 
light  reddish-brown,  3^  to  4  (often  .'>)  inches  long,  by  1^  inches  in  diameter;  scales 
very  thin,  rhomboidal,  Iruncatcnl,  with  wavy,  incgnlar,  or  entire  inargin.     Bark  gray- 
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isli  on  largo  trees,  very  tbick  uiiil  furrowed  ;  tluit  of  the  brauclius  rather  Binooth  and 
glossy.  A  beautiful  tree,  of  line  oriiauieutul  appearance,  with  more  or  less  silvery- 
white  foliage  and  sharply-taperiug  crown, 

13.— Balsam  Fir.    Balm-of-Gilead  Fir.    (Abies  bahamea,  Miller.) 

A  rather  small  tree  growing  in  tlanip  or  8wami)y  .sites  of  the  Kocky 
Mountains  of  Idaho  and  Montana  (fcnind  also  in  uortbeastern  United 
States  and  north  of  boundary).  It  is  a  short-lived  tree,  and  owinj,^  to 
the  small  size,  lack  of  strength,  hardness,  and  durability  of  its  wood 
of  little  importance  .is  a  timber  tree;  50  feet  in  height,  and  1  foot  or 
more  in  diameter;  at  high  elevations  much  reduced  in  size. 

Description. — Leaves  sessile,  ^  to  1  inch  long,  narrow,  Hat,  with  small  notch  at  the 
tip  and  white  lines  above,  a  silvery  tinge  below  ;  thickly  spreading,  somewhat  regu- 
larly in  spirals  on  all  sides  of  the  branches,  but  on  horizontal  twigs,  crowded  chietly 
ou  the  upper  side.  Leaf-scars  oval,  prominent,  lasting.  Cones  2  to  4  inches  long, 
1  to  IJ  inches  in  diameter,  u])right  ou  short  footstalks  (upper  branches),  cylindrical, 
tapering  slightly  ;  scales  blHe-pnri)le,  broad,  roundish,  entire,  each  with  an  accom- 
panying outside  bract.     Branches  chielly  in  whorls  of  about  five. 

14.— Balsam.    [Abies  Subalpina,  Engelra.) 

A  tall,  slender  tree  much  Isolated  and  rarely  forming  forests.  Gen- 
erally growing  in  gravelly  soil  of  slopes  and  canyons  between  4,000  and 
12,000  feet  elevation.  Itoccurs  in  the  mountain  ranges  of  Utah,  and  from 
Colorado  10  Montana  (westward  to  Oregon  and  Washington  Territory, 
and  north  of  United  States  boundary).  It  seldom  attains  more  than 
100  feet  in  height,  and  from  2  to  3  feet  in  diameter.  The  wood  is  very 
soft  and  light,  possessing  little  strength. 

Dfscripiion. — Leaves  of  the  lower  branches  usually  long,  narrow,  and  blunt,  in 
two  ranks  ;  those  of  the  upper  young  branches  s/ior/er,  much  broader,  thicker,  acutely 
pointed,  attached  by  a  broad  base,  dense,  somewhat  in  two  ranks;  whitish  beneath; 
1^0  to  1^  inches  long.     Young  branches  with  longitudinal  ridges. 

15. — Great  Sllver  Fir.    White  Fir.    {Abies  grandis,  Lindley.) 

A  very  large  and  important  timber  tree  occurring  in  Bitter  Boot 
Mountains,  Idaho,  and  in  ranges  of  northwestern  Montana  (also  on  I'a- 
citic  coast  from  latitude  40*^  to  boundary  of  United  States  and  north- 
ward); 250  to  300  feet  high,  with  a  diameter  of  4  to  5  feet.  It  pre- 
fers bottom-lands  and  northern  and  western  slopes  below  4,000  feet, 
but  pioducing  the  largest  timber  in  the  former  situations.  It  is  i)er- 
haps  of  greatest  importance  in  the  northern  Pacific  region,  where  it  is 
said  to  attain  its  largest  dimensions,  and  is  employed  considerably  lor 
lumber.  The  wood,  however,  is  light,  soft,  and  quite  inferior  to  that  of 
the  Douglas  and  Sitcha  Spruce. 

Description. — Leaves  ^  to  IJ  inches  long,  uari-ow,  flat,  channeled,  blunt,  with  a 
small  notch  at  the  tip,  comb-like  in  arrangement,  an  upper  and  lower  horizontal 
rank  on  each  side  of  the  branchlets;  leaves  of  lower  rank  much  longer:  glossy  and 
with  two  while  lines  beneath.  C'oues  solitary,  2  to  r>i  inehes  long,  cylindrical,  ou 
very  short  footstalks  ;  scab  s  venj  broad,  -entire.     Bark  scaly  and  browaish. 
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IG.— \VuiTE  Fib.    Balsam  Fir.    Black  Balsam.    {Alien  concolor^ 

Liudl.  and  Goidou.) 

Found  in  New  Mexico  and  soutbern  Colorado  (westward  in  central 
Utali,  noitlieru  Arizona,  southern  California  to  Oregon).  It  is  most 
abundant  along  the  Tacific  coast,  occupying  moist  slopes  and  canyons, 
between  3,000  and  9,000  feet  elevation.  It  couunonly  grows  to  a  height 
of  100  feet,  with  a  diameter  of  4  feet  and  over.  The  wood  is  soft,  very 
light,  and  little  used  for  lumber,  except  in  temi)orary  constructions,  and 
for  domestic  purposes. 

Descn2>tion. — Leaves  ^  to  2, 'sometimes  3  inches  long,  thick  to  thin,  llat,  blunt  to 
awl-pointed,  or  slightly  notched  at  the  tip;  in  two  ranks,  chiefly  on  the  upper  side 
of  the  hranchlets;  pale  green,  whitish  beneath.  Contss  nearly  sessile,  2J  to  ,'> 
inches  long,  and  1}  to  2^  inches  in  diameter;  ovate,  cylindrical,  pale  green,  dull  pur- 
ple, or  light  reddish  brown  ;  scales  J  to  1^  inches  broad.  Hark  light  gray.  Branches 
quite  regularly  in  whorls. 

17. — Western  Hemlock.    {Tsuga  3Iertensia)ia,  Carrieie.) 

A  Western  representative  of  the  Eastern  llemlock  {Tmga  Cana- 
densis Carr.),  but  much  larger  and  with  finer-grained  wood.  It  ranges 
from  western  Montana  westward  to  the  Pacific  coast,  and  north  of  the 
United  States  boundary ;  southward  on  coast  through  northern  Cali- 
fornia, forming  large  forests  at  elevations  between  1,000  and  4,000  feet. 
It  is  quite  adaptive  in  point  of  soil  conditions,  thriving  on  poor  dry  ridges, 
but  prefers  a  moi.st  soil.  Probably  reaches  its  greatest  development  in 
Oregon  and  Washington  Territory;  180  feet  high,  and  C  to  8  feet  in 
diameter.  The  wood  is  rather  heavy,  hard,  and  quite  free  from  resin,  but 
somewhat  lacking  in  strength ;  employed  to  some  extent  for  coarse 
lumber,  while  the  bark  supplies  an  important  demand  for  tanning. 

Description. — Leaves  Hat,  very  narrow,  'f  to  J  of  an  inch  long,  blunt  at  the  top, 
tapering  suddenly  to  a  slender  stem  (petiole).  Cones  ovate-cylindrical,  ^  to  |  of  an 
inch  long,  light  brown,  witli  delicate  pubescence  ;  sscale  few  (aud  much  longer  than 
those  of  Tnuga  CanadcHsis).  Crown  roundish  to  soujcwhat  conical ;  braochlets  numer- 
ous, sleiiderj  drooping. 

18. — Tsuga  Pattoniana,  Engelm. 

An  alpine  species  having  about  the  same  range  as  the  Western  Ilem- 
lock  {Tsuga  Mertensiana,  Carr.).  It  occujjies  dry  slopes  and  ridges  be- 
tween 2,700  and  10,000  feet,  but  is  reduced  to  a  shrub  as  it  approaches 
the  timber-line.    The  wood  is  light  and  soft. 

/Jestryjfion.— Leaves  i  to  5  of  an  inch  long,  about  four-angled,  rather  sharp-poiutcd, 
or  blunt  tapering  to  a  stem  at  base.  Cones  2  to  3  inches  long,  cyliudrical-ovate. 
Bark  thick,  much  cracked,  reddish-gray  ;  branchlets  pubescent. 

19.— Douglas  Spruce.    "  Red  Spruce."    Yellow  Fir.    Eed  Fir. 
Oregon  Pine.    {Pseudotsuga  Dovglasii,  Carriere.) 

A  remarkably  large  and  one  of  the  most  important  timber  trees, 
quite  generally  distributed    throughout  the  Rocky  Mountain  region 
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(alonff  tlie  Pacific  coast  and  north  of  the  United  States  bonndary).  It  is 
largely  associated  with  pine,  forming  pure  growths  only  in  a  few  local- 
ities, and  then  of  small  extent.  It  grows  from  the  sea-level  to  10,000 
feet,  attaining  from  200  to  300  feet  in  height  and  10  feet  in  diameter. 
The  wood  is  hard,  strong,  and  durable,  being  especially  valuable  for 
large  timber  and  coarse  lumber,  where  durability  and  strength  are 
needed. 

Description. — Leaves,  comb-liko  in  arraugcmeiit,  \  to  1^  inches  long,  slender,  flat, 
with  stems,  rather  hlnut-poiiite«l ;  whitish  on  the  under  surface.  Cones  2  to  4  inches 
long,  1  inch  in  diameter;  somewhat  cylindrical  or  ovate,  with  a  fringe  of  tlirce- 
pointed  bracts  from  among  the  scales.  Seeds  reddish  brown  on  one  side,  wliito  on 
tlie  other.  B.ark  gr.ayish  brown  :  when  young,  smooth  ;  in  old  ti;ecs  rongh,  deeply 
fnrrowed,  and  sometimes  over  1  foot  thick. 

20. — Western  Labch.    Tamarack.    {Larix  occidentalism  N"utt.) 

A  western  representative  of  the  northeastern  Tamarack,  but  a  mucU 
larger,  and  in  some  respects  a  more  valuable,  tree.  It  is  found  in 
western  Montana  (also  ranging  westward  in  Oregon  and  Washington 
Territory  and  north  of  the  United  States  boundary),  usually  occupying 
moist  slopes  between  2,500  and  5,000  feet.  It  is  almost  always  asso- 
ciated with  other  species,  and  rarely,  if  ever,  forming  pure  growths.  In 
Montana  it  attains  its  most  valuable  size,  reaching  a  height  of  100  to 
150  feet,  with  a  diameter  of  4  feet  or  over.  The  wood  is  heavy,  very 
hard,  strong,  and  durable,  and  is  employed  somewhat  for  lumber,  but 
chiefly  for  posts,  ties,  fuel,  etc. 

Description. — Leaves  14  to  20  in  a  bundle,  ito  |  of  an  inch  long,  narrow,  somewhat 
fonr-angled,  slender  at  the  base,  pointed  at  the  tip  ;  pale  green.  Cones  ovate-globose, 
i  to  IJ  inches  long,  by  J  of  an  inch  in  diameter;  solitary,  erect  or  bent  down  ;  scales 
few,  i  of  an  inch  long,  roundish,  loosely  overlapping,  squarish  or  notched  at  the  tii>, 
shining  on  the  back;  an  elliptical,  finely-toothed,  acutely-pointed  br.act  extending 
from  the  base  and  beyond  the  point  of  each  scale,  chiefly  the  long  points  only  being 
visible  beyond  the  ends  of  the  scales.  Larix  Europaca  and  LyaUii  also  have  an  ex- 
tended bract,  but  of  ditlerent  form.  Branches,  short ;  lower  ones  horizontal,  npper 
ones  ascending.    Young  shoots  smooth,  with  many  round  black  buds. 

2\.-r-Larix  LyaUii^  Parlatore. 

A  strictly  alpine  species,  of  small  size,  growing  in  dry  rocky  situa- 
tions of  northwestern  Montana  (and  westward)  at  elevations  between 
5,500  and  7,000  feet;  generally  much  scattered  and  associated  with 
other  conifers.    The  timber  is  little  used,  on  account  of  its  inferior  size 

I  and  the  usually  inaccessible  positions  occupied  by  it. 
Description. — Leaves  J  of  an  inch  long,  40  to  50  in  a  bundle,  very  narrow,  on  young 
shoots  single  and  longer.  Cones  2  inches  long,  ovatc-obloug  (only  immature  speci- 
mens examinedi  and  1  inch  in  diameter;  deciduous,  greenish  purple;  m.argin  of 
scales  woolly-fringed  ;  awl-pointed  bracts  from  among  and  longer  than  the  scales, 
the  broad  bases  of  the  bracts  being  visible.  Much  branched ;  young  shoots  and  buds 
clothed  with  a  whitish  wool. 
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22.— Canoe  Cedar,   Red  Cedar.   Yellow  Cedar.  {Thuya 

gigantea,  N"(itt.) 

A  large-sized  tree  and  one  of  great  economical  importance.  It  occurs 
in  northwestern  Montana  (and  from  California  to  Washington  Territory 
and  north  of  the  boundary),  growing  cliietly  in  moist,  but  sometimes  in 
dry,  situations  up  to  an  elevation  of  5,000  feet.  In  the  northern  Pacific 
coast  region  it  reaches  its  most  valuable  dimensions — 100  to  130  feet,  and 
G  to  9  feet  in  diameter.  The  wood  is  soft,  light,  and  lacking  in  strength, 
but  furnishes  excellent  material  for  inside  work,  as  well  as  for  coarse 
lumber,  shingles,  staves,  etc. 

Description. — Leaves  short,  scalc-liko,  pointed,  somewliat  closely  overlapping,  and 
forming  short  internodes;  no  glands  or  tubercles  (or  very  ohscnre);  bright  to  glau- 
cous green.  Cones  |  of  av  inch  long,  ovate,  of  few  scales,  clustered  at  the  ends  of 
the  branches,  drooping;  seeds  winged  all  around.  Crown  narrow,  pyramidal; 
branches  spreading  and  somewhat  drooping.  Liable  to  bo  confounded  with  the 
California  White  Cedar  {Libocedrus  decurrens,  Torrey). 

23. — Cupressus  GuadalupensiSy  Watson. 

Little  is  known  of  the  economic  importance  of  this  tree,  as  it  is  a  com- 
paratively new  species,  discovered  in  eastern  Arizona  in  1880.  It  occurs 
in  southeastern  New  Mexico,  eastern  and  southeastern  Arizona,  and 
southward,  forming  dense  forests  on  rocky  sites  of  from  5,000  to  8,000 
feet  elevation.  It  commonly  grows  to  a  height  of  40  to  70  feet,  and  2  to 
4  feet  in  diameter.  The  timber  is  light  and  straight-grained,  and  splits 
very  readily;  the  heart-wood  resembles  that  of  the  Eed  Cedar  very 
closely.  In  mining  districts  it  has  been  employed  considerably  for 
wood  and  charcoal. 

Description. — Leaves  small,  scale-like,  opposite,  appressed,  overlapping,  and  form- 
ing short  4-augled  branchlets,  whitish  (glaucous),  free  from  pits  or  glands.  Cones 
globe-like  1  to  IJ  inches  in  diameter,  composed  of  from  6  to  8  thick,  plate-like  scales 
with  large  curved  bosses,  crowded  on  short,  strong,  footstalks.  Bark  dark  red  and 
fibrous,  showing  bright  vermilion  surfiice  when  newly  scaled  off.  Closely  grown,  it 
is  a  tall  and  straight  tree,  but  shorter  and  with  greater  ambitus  when  isolated. 

24. — Juniper.*    {Juniperus  pachyphloea,  Torrey.) 

A  tree  30  to  50  feet  high  and  3  feet  or  more  in  diameter,  occurring  in 
southern  Arizona,  New  Mexico  (in  the  mountains  of  western  Texas,  and 
southward  into  Mexico).  It  is  confined  chiefly  to  dry  slopes  and  ridges 
between  2,000  and  3,000  feet,  and  in  its  mountain  range  is  the  principal 
juniper,  especially  in  Texas.  The  wood  is  light,  soft,  and  easily  wrought. 
Fruit  an  important  article  of  food  among  the  Indians  of  the  South- 
west. 

Description. — General  aspect  white.  Leaves  in  threes,  overlapping  closely,  rather 
sharp-pointed, ridged  on  the  back,  with  a  gland  in  the  center;  very  glaucous.  Fruit 
solitary,  globe-like,  ^  of  an  inch  in  diameter,  brownish,  white  with  bloom,  sweetish, 
borne  at  the  ends  of  short  erect  branchlets,  the  latter  somewhat  four-angled. 


*  See  noQ-arborescent  Junipers,  page  197. 
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25. — "KocKY  Mountain  Juniper."     {Juniperns  occUentalis,  Hooker, 
var.  monosjpcrma,  Engclm.) 

A  scraggy,  stunted  tree,  occupying  low,  dry  hills  between  3,500  and 
7,000  feet  elevation.  It  ranges  through  southern  Colorado,  New  Mex- 
ico {'Mid  westward  through  southern  Arizona  to  southern  California). 
In  some  localities  it  forms  pure  growths,  but  is  chiefly  associated  with 
the  Nut  r*ine  {J'inusedulis)  and  Juniperus pacliijphlfca,  together  forming 
the  principal  timber  growth  of  the  hilly  sections ;  25  to  30  feet  in  height, 
and  1.^  feet  or  more  in  diameter.  Wood  rather  light  and  soft,  but  very 
durable  in  contact  with  the  soil,  and  employed  largely  for  fuel  and 
fencing. 

Description. — Leaves  in  twos  (alteriiiito  opposite  pairs)  anti  threes,  fringed.  Ber- 
ries blue-black  or  copper-colored,  rcsiuous-Hesby  ;  one  to  two,  or  more,  grooved  seeds 
in  each  berry.     Branches  short,  horizontal,  and  often  from  the  ground. 

2G. — TIED  Cedar.    Savin.    {Jimiperus  Virginiana,  Lijin.) 

A  valuable  tree,  and  one  of  the  most  widely  distributed  of  the  North 
Americau  Conifers.  It  is  a  very  adaptive  species,  but  the  character  of 
the  soil  has  much  to  do  with  its  success  as  a  timber  tree 5  in  bottom- 
lands it  reaches  a  height  of  nearly  100  feet,  with  a  diameter  of  3  feet  or 
more,  while  in  dry,  barren  soil  it 'is  a  small,  slow-growing  tree,  or  little 
more  than  a  shrub.  In  the  Rocky  Mountain  region  it  occurs  chiefly  in 
the  mountains  of  Colorado,  Wyoming,  Montana,  and  Idaho  (also  through 
eastern  United  States  and  north  of  the  boundary).  The  timber  is  light, 
soft,  and  possesses  remarkable  durability  in  contact  wiih  the  soil.  It 
is  employed  principally  for  posts,  ties,  and  cabinet  work. 

Description. — Leaves  scale-like,  In  twos,  sometimes  in  threes,  mostly  in  .'ilternato 
opposite  pairs,  of  two  forms:  on  yonng  plants  and  shoots,  needle-pointed  and  some- 
what spreading;  on  mature  bnmchlets,  awl-poiutcd  and  closely  overlapping;  bright 
glossy  green  to  tawny  brown  in  wintrr;  midrii>  indistinct.  Hranchlets  slender,  four- 
angled.  Berries  small,  ovate,  smooth,  but  with  few  small,  scaly  protuberances- 
whitish  with  bloom. 

27.— Yew.     {TaxiishrevifoUa,  IS iitt.) 

A  somewhat  rare  and  small  tree  as  it  occurs  at  its  eastern  limit  in  the 
Rocky  Mountains  of  western  Montana  and  Idaho.  In  its  more  westerly 
range,  however  (through  Washington  Territory  and  Oregon  to  central 
California),  it  attains  a  much  larger  size,  40  to  70  feet  in  heightand  1  h  to2i 
feet  in  diameter.  It  generally  i)refers  a  moist,  rich  soil,  and  on  the  Pa- 
cific Coast  is  much  associated  with  Lambert's  Pine  and  the  Douglas 
Spruce.  The  wood  is  hard,  durable,  and  very  elastic,  and  is  used  con- 
siderably for  fence  posts,  tool-handles,  bows,  etc. 

Description. — Leaves  scattered,  J  to  1  inch  long,  narrow,  flat,  curved,  sharp-pointed, 
ribbed  above,  on  yellowish  footstalks ;  yellowish  glossy  green  .above,  whitish  (<//«««>««• 
below.  Fruit  solitary,  borne  on  the  under  side  of  the  branches,  amber-red  or  yellow- 
ish brow         Branches  long,  slender,  and  pendulous;  bark  yellowish. 
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RUTACBiE:  KUE  FAMILY. 
28. — Siiruhry   Trefoil.     Hop-Tree.    {Ptelea  amiustifoUa,  Benth.) 

Cliictly  a  slinib,  or  sometimes  a  small  tree  15  to  25  feet  iu  height, 
witL  very  slender  trunk,  usually  growing  on  hillsides  in  dry,  gravelly 
soil,  tlirough  southern  Colorado  (extending  southward  into  Mexicoand 
Ti'xas).  IJarely  attaining  suflicient  size  to  be  of  economic  value.  The 
wood  is  heavy  and  hard. 

fhfKiiplion. — Loaves  componiid,  composed  of  three  leafletH,  which  are  given  oft" at 
the.  end  of  a  slender  (leaf)  stem,  1  to  2  inches  long  and  i  to  1  inch  wide,  laiico  to 
()l>Ion<>;-l;nife-sliaped,  usnallj'  tapering  to  a  point  at  either  end;  margin  entire  or 
with  shallow  ronndcd  teeth  ;  smooth,  old  leaves  shiny.  Frnit  (much  like  that  of  the 
elm)  surronnded  by  an  early  orbicular,  thin,  veiny  wing,  J  to  f  of  an  inch  in  diame- 
ter.    Bark  dark  brown  and  often  thickly  dotted. 

RHAMNACE^  :  BUCKTHORN  FAMILY. 

29.— Blue  Wood.    Log  Wood.    Purple  IIaw.    {Gondalia  obovata, 

Hooker.) 

A  small  tree  or  shrub,  at  best  seldom  more  than  10 to  30  feetin  height 
and  with  very  slender  trunk — 3  to  6  inches  in  diameter.  It  is  found  in 
southern  New  ^Mexico  (southern  Arizona  and  southwestern  Texas,  where 
it  is  said  to  reach  its  greatest  development),  especially'  along  streams. 
Abundant  and  in  many  localities  forming  dense,  impenetrable  thickets. 
The  wood  is  hard  and  very  heavy. 

DeKcriplion.  —Leaves  i  to  f  of  an  inch  long,  by  j'^,  to  i  of  an  inch  wide,  chieflj'  broad 
at  the  top  end  (obovatc),  tapering  to  a  long  point  at  the  base;  rounded  at  the  upper 
end,  or  with  a  lunce-shaped  point.  Branches  with  smooth  thin  bark  of  a  dull  white 
or  grayish  color;  branchlcts  spine-like  or  terminating  in  a  small  sharp  spine.  Fruit 
a  globnlai  berry  (drupe)  with  scanty  flesh  and  large. hard  stone;  a  short  point  or 
beak  (the  persistent  stigma)  adheres  to  the  end. 

30. — "Indian  Cherry."*     (Rhamnus  CaroUniana,  Walter.) 

A  small  tree,  15  to  30  feet  iu  height,  with  a  trunk  6  to  10  inches  in 
diameter;  or  sometimes  reduced  to  a  slender  shrub.  It  is  found  in  the 
mountains  from  Colorado  to  Montana  (eastward  it  ranges  from  western 
Texas  to  northern  Floiida,  and  northeastward  through  the  valley  of 
the  Ohio  River  to  long  Island,  New  York).  It  prefers  the  rich  soil  of 
bottom-lands  and  along  streams;  probably  reaching  its  largest  size  in 
Texas  and  Arkansas.    The  wood  is  rather  light  and  hard,  but  not  strong. 

Description. — Leaves  :Ho  0  inches  long,  1  to  2  J  inches  wide;  oblong  lance-shaped 
or  ovate-oblong;  with  rounded  base  and  rather  short  point;  margin  wavy,  nearly 
entire  or  with  very  small  teeth  ;  leaf-stems  hairy.  Flowers  and  fruit  borne  in  the 
axils  of  the  le-ivos,  the  latter  black,  somewhat  pear-shaped,  and  with  three  largi; 
seeds ;  sweet  and  edible. 

*  See  Rhamnua  in  list  of  shrubs,  page  190. 
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31.— Bearcerry.     Bear      Wood.    Shittim      Wood.     {Rhamnus 
Furshiana,  De  Candolle.) 

A  shrub  or  small  tree,  C  to  25  feet  in  height,  and  from  4  to  12  inches 
in  diameter.  It  occurs  in  northern  Montana  and  Idaho  (also  along 
tlio  Pacific  coast  from  northern  California  to  Washington  Territory). 

Generally  associated  with  conifers  in  canyons  and  low  i)laces.  The 
wood  is  light  and  hard,  but  brittle,  being  of  little  importance.  The 
bark,  however,  has  of  late  become  an  important  article  of  of  commerce, 
being  extensively  employed  for  ofQcinal  purposes  under  the  name  of 
Gascara  sagrada. 

Description. — Leaves  chiefly  alternate,  elliptical,  1^  to  3^  inches  long,  1}  to  IJ  inches 
l)road,  finely  toothed  on  the  margin,  and  somewhat  downy  helow.  The  fruit  is 
berry-like,  black,  3-lobed,  larger  at  the  top,  3-8eeded,  and  borne  in  clusters  on  rather 
long  stems  from  the  axils  of  leaves ;  about  J  of  an  inch  in  length.  Young  branches 
and  stems  of  tho  leaves  woolly. 

SAPINDACE^. :  SOAPBERRY  FAMILY. 

32.— Spanish  Buckeye.    ( Ungnadia  spedosa,  Endlicher.) 

A  shrub  or  small  tree,  20  to  30  feet  in  height  and  6  to  12  inches  in 

diameter,  found  growing  abundantly  on  moist  bottoms  and  rich  slopes 

>f  southern  New  Mexico  (western  TexavS,  and  northern  Mexico).    The 

wood  is  soft,  rather  heavy,  but  lacking  in  strength.    The  fruit  and  leaves 

are  said  to  be  poisonous. 

Description. — Leaves  compound,  composed  of  from  3|  to  5^  pairs  of  leaflets, 
whrch  are  on  very  short  stems,  ovate,  lance-shaped,  and  with  a  rather  long  point; 
the  margins  have  fine,  or  large  and  distant  teeth  ;  in  length  the  leaflets  vary  from  2 
to  4  inches  and  from  |  to  \%  inches  in  width.  Shell  of  fruit  thin,  smooth,  brown, 
strongly  3-lobed,  containing  as  many  dark,  shiny  nuts  about  ^  an  inch  in  diameter. 
The  flowers  appear  in  advance  of  tho  leaves  in  small  lateral  clusters.  Young  shoots 
and  leaf-stalks  downy. 

33. — Wild  China.    Soapberry.    {Sapindus  marginains,  Willdenow.) 

A  rather  large  and  somewhat  important  tree,  occurring  in  southern 
New  Mexico  (and  Arizona;  eastward  through  the  Gulf  States  to  the 
Atlantic  coast).  It  grows  chiefly  in  mountain  valleys  and  river-bottoms, 
attaining  its  largest  size  in  eastern  Texas,  10  to  CO  feet  in  height,  with 
a  diameter  of  J  to  1^  feet.  The  wood  is  heavy,  hard,  and  strong;  it 
splits  easily,  and  is  extensively  used  in  the  manufacture  of  cotton 
baskets. 

Description. — Leaves  compound ;  leaflets  nine  to  eighteen,  arrange*!  in  opposite 
pairs  or  alternate,  lance-ovate,  hooked,  unequal  sided,  nnsymmetrical ;  veins  promi- 
nent above.     Fruit  globular,  berry-like,  borne  iu  tho  axils  of  leaves. 
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MAPLES. 
34.— Dwarf  Maple.    {Acer  glahrum,  Torrey.) 

As  indicated  by  its  name,  this  species  is  seldom  more  than  a  shrub  3 
to  6  feet  higli ;  occasionally  it  reaches  a  height  of  10  to  20  feet,  with  a 
diameter  of  4  to  C  inches.  It  is  widely  distributed  throughout  the  Rocky 
Mountain  region  (on  Pacific  coast  to  British  Columbia),  growing  along 
water-courses,  in  sheltered  canyons,  and  on  moist  slopes ;  said  to  reach 
its  best  development  in  western  New  Mexico  and  eastern  Arizona. 
The  wood  is  heavy  and  hard.  It  is  a  very  hardy  tree  and  considerably 
used  for  ornamental  planting. 

Description. — Loaves  somewhat  kidney-shaped,  '3-lobcdto3  parted  ;  divisions  them- 
selves somewhat  3-lobed,  middle  one  wedge-shaped,  short,  broad,  margin  sharply  cut 
and  toothed;  smooth  both  sides.     Generally  branching  from  the  gronnd. 

35. — Acer  graniUdentatum,  I^uttall. 

A  small  and  rather  rare  tree,  found  growing  along  water  courses  in 
western  Montana  and  southern  New  Mexico  (also  in  eastern  Arizona 
and  central  Utah).  It  is  seldom  more  than  20  feet  in  height  and  4  to  10 
inches  in  diameter.    The  wood  is  heavy  and  hard. 

Description.— Leaves  heart-shaped  or  cut  straight  across  (truncate)  at  the  base, 
somewhat  deeply  3-lobed ;  divisions  sharp-pointed  and  mostly  entire,  but  occasionally 
with  few  coarse  teeth;  velvety  on  the  under  surface,  or  sometimes  smooth. 

36.— Box-elder.    Ash-leaved  Maple.    {Negundoaceroides,  McBuch.) 

One  of  our  most  widely-distributed  forest  trees,  occurring  throughout 
the  Kocky  Mountain  region  at  elevations  between  5,000  and  6,000  feet 
(east  of  the  Rockies  to  the  Atlantic  coast,  and  north  of  the  U.  S.  bound- 
ary), preferring  the  more  southerly  ranges.  It  is  adapted  to  a  variety 
of  soil  conditions,  but  generally  attains  its  best  dimensions  on  moist  bot- 
tom-lands and  along  streams.  Commonly  30  to  60  feet  in  height  and  1  to 
3  feet  in  diameter.  As  an  ornamental  tree  It  is  quite  popular,  being  easily 
handled  and  reaching  a  desirable  size  in  a  comparatively  short  time.  * 
The  wood  is  of  rather  an  inferior  quality,  being  light,  soft,  and  lacking 
in  strength.  It  is  little  used  for  manufacturing  purposes,  except  occa- 
sionally for  interior  lumber,  and  to  some  extent  in  turnery,  coopeiage, 
and  for  paper  i^ulp. 

Description. — Leaves  compound,  composed  mostly  of  3  (sometimes  5)  leaflets,  which 
are  ovate,  pointed,  often  with  entire  margin,  but  usually  coarsely  toothed,  andstrongly 
veined;  smooth  or  occasionally  downy  on  the  under  surface.  The  flowers  appear  in 
advance  of  the  leaves,  and  hang  down  in  green,  tassel-like  clusters.  The  seeds  are 
usually  very  abundant,  and  have  long,  curved,  veiny  wings,  and  hang  in  thick  clns- 
tcrs  on  long  slender  stems.     Young  branches  greenish. 

*  It  is  also  desirable  as  an  admixture  in  forest  planting,  the  heavy  foliage  furnish- 
ing a  good  soil  cover. 


171 

LEGUMINOS/E :  PULSE  FAMILY. 

37. — Locust.    {Rohinia  KeoMexicana,  Gray.) 

Usually  a  small  tree,  20  to  25 feet,  with  a  diameter  of  3  to  0  inclies ;  or 
a  shrub  under  G  feet  in  height.  It  occurs  in  southern  Colorado,  south- 
western and  western  New  Mexico  (and  in  Arizona  and  southern  Utah 
between  4,500  and  7,000  feet  elevation).  It  is  said  to  reach  its  best  de- 
velopment in  the  valley  of  the  Purgatoire  liiver,  southeastern  Colorado. 
At  high  elevations  often  reduced  to  a  shrub.  The  wood  is  heavy,  very 
hard,  and  strong. 

Deacriplton. — Leaves  composed  of  from  4^  to  9|  pairs  of  elliptical  leaflets,  which  aro 
nioro  or  less  clothed  with  a  whitish  silky  down,  especially  proniineut  on  very  young 
leaves.  Leaf-stems  and  branchlets  thickly  set  with  stiff,  straight,  glandular  hairs,  as 
also  aro  the  pods.  The  latter  are  flat,  often  jointed,  and  vary  in  length  from  ^  to  \\% 
inches,  with  a  width  of  not  more  than  I  an  inch  ;  the  end  of  the  pod  terminates  in  a 
curved  awn.  Two  rather  strong  thorns  i  to  |  an  inch  long)  at  th&  base  of  each  leaf- 
stalk.    Flowers  showy,  purplish. 

38. — Frigolito.    (5'o/;/iora  secMH(Zi^ora,  Lagasca.) 

Chiefly  a  shrub,  forming  dense  growths  along  streams  or  growing 
sparingly  on  rocky  hill  sides;  as  a  tree  it  is  seldom  more  than  30  feet 
high,  with  a  slender  trunk.  It  extends  from  the  mountains  of  New  Mex- 
ico to  the  Gulf  coast  of  Texas,  and  where  large  enough  to  be  available 
its  hard  heavy  wood  is  highly  esteemed  for  fuel.  Very  ornamental  in 
appearance. 

Description.— \je,a,Y OS  compound,  evergreen,  with  from  3^  to  5| — scarcely  opposite — 
pairs  of  leaflets;  the  latter  I  to  2\  inches  long  and  i  to  1  inch  wide,  elliptic-oblong 
or  ovate,  with  a  wedge-shaped  base  and  a  usually  rounded  apex ;  margin  entire, 
smooth,  often  shiny  above;  leaf-stems  with  a  groove  on  top,  and  when  young  vel- 
vety, as  are  the  flower-stems.  Pods  thick,  woody,  silky,  with  1  to  2  speherical  or 
elliptical  (rarely  3  or  4  fertile)  joints,  which  are  f  of  an  inch  in  diameter  and  contain 
one  or  two  red,  very  hard-shelled  beans,  bearing  a  deep  white  scar.  They  are  said 
to  have  jiroduced  poisonous  effects  in  i)ersons  who  have  eaten  them,  although  the 
Angora  goats  feed  upon  the  leaves  of  the  plant  and  often  swallow  the  beans  without 
injury  ;  but  the  shells  of  the  latter  are  rarely,  if  ever,  crushed  by  the  auimal's  teeth. 

39.— Mesquit.    Algaroba.    Honey-Pod.     Honey  Locust.    {Pro 
sopis  julijiora,  De  Candolle.) 

A  tree  of  great  economic  impoktance.  It  is  found  in  southern  Colo- 
rado, and  through  New  Mexico  (to  southern  California ;  occuring  also 
in  western  Texas,  southern  Utah,  and  Nevada,  Mexico,  and  southward). 

1  Along  streams  and  in  valleys  it  sometimes  forms  forests  of  considerable 
extent,  though  never  attaining  a  height  of  more  than  50  feet,  with  a 
diameter  of  1  to  2i  feet ;  commoidy  much  smaller,  and  in  dry  rocky  situa- 
tions, esi)ccially  those  subject  to  annual  burning,  reduced  to  a  shrub ;  but 
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ground  forests" — and  furnishes  a  cheap  and  valuable  fuel.  The  tim- 
ber is  licavy,  very  linrd,  and  i)ossesscs  remarkable  <birability.  It  is 
employed  chielly  for  fuel,  tie-timber,  and  fencing-,  but  somcnvliiit  for 
heavy  wheel  stock  and  in  the  manufacture  of  charcoal. 

Description. — Lcives  compound,  twice  pinnate,  single  or  in  clusters,  with  a  pair  of 
St  id",  straight,  yellowish  thorns  J  to  ^  inch  long  at  the  base  of  each  leafstalk  or 
cluster  ;  leaflets  J  to  1 J  inches  long,  by  -,',,  to  i  of  an  inch  wide,  olliptic-oblong  to  lance- 
linear.  A  cup-shaped  gland  at  the  end  of  the  main  leaf-stem,  (where  the  usually 
single  pair  of  smaller  stems  (piuna>)  with  leaflets  is  given  off).  Pods  somewhat  flat- 
tened, straightish  or  curved,  '.i  to  7^  inches  long,  i  to  i  an  inch  wide ;  composed  of  12 
to  25  lobe-like  joints  (containing  as  many  seeds),  Jind  terminating  in  an  awl-point ; 
young  pods  covered  with  a  dense  vclvetydown,  yellowish-white  when  mature.  They 
liave  a  sweet  taste,  and  are  often  used  foi-  fodder. 

40.— Screw  Bean.    Screw-pod.    Mesquit.    Tornilla.    {Prosojns 

puhesccns,  Benth.) 

A  small  tree  or  shrub  growing  on  gravelly  or  sandy  bottom  laud, 
through  New  Mexico  (in  western  Texas,  through  Arizona  to  California; 
southward  into  Mexico);  said  to  attain  its  largest  size  within  the 
United  States  in  the  valleys  of  the  lower  Colorado  and  Gila  Kivers — 
20  to  25  feet  in  height,  and  6  to  12  inches  in  diameter.  The  wood  is 
heavy,  very  hard,  and  brittle,  but  exceedingly  durable,  and  is  used  for 
fencing  and  fuel.  Pods  sweet,  sometimes  used  for  fodder,  and  for  Hour 
by  Indians. 

DcscrijHion. — Leaves  essentially  as  in  Frosopis  juliflora  (No.  39),  with  a  ])air  of 
straight  pearly-white  thorns  at  base  of  each  leaf  or  cluster ;  leaflets  elliptic-oblong, 
often  with  a  short  fine  point  (probably  less  variable  in  size  than  those  of  the  preced- 
ing species),  i  to  |  an  inch  long,  and  iV  to  ^  of  an  inch  wide.  Pods  cylindrical,  1 
to  2^  inches  long,  ,';  to  J  of  an  inch  in  diameter,  straightish  or  crooked,  closely  coiled 
in  a  spiral;  clothed  with  a  fine  velvety  down  ;  light  brown  at  maturity.  Branchlets 
with  white  longitudinal  (dccurrent)  lines  proceeding  from  the  bases  of  the  thorns. 

41. — Cat's  Claw.    {Acacia  Greggii,  Gray.) 

Often  a  shrub,  or  a  low  much-branched  tree,  20  to  25  feet  in  height  and 
sometimes  10  inches  in  diameter,  growing  abundantly  on  the  dry  table- 
lands and  in  the  low  canyons  of  southern  Utah  {Dr.  Palmer),  New  Mex- 
ico and  Arizona  (extending  to  California;  also  in  northern  Mexico  and 
western  Texas).  The  wood  is  heavy,  very  hard  and  strong,  furnishing 
good  fuel.    Large  trees  often  hollow. 

Description. — Leaf-stems  short,  giving  off  2  to  3  pairs  of  smaller  stems  (pinna")  which 
bear  3  to  G  pairs  of  very  small  (^  to  i  of  an  inch  long)  oblong-ovato  (broader  above) 
nnerjual-sided  leaflets,  with  a  rounded  or  abrupt  apex,  downy.  Pods  smooth,  flat, 
curved,  3  to  G  inches  long,  and  J  to  |  of  an  inch  broad;  usually  with  constrictions 
between  the  seeds;  the  latter  flat,  obicular,  and  dark  ]»rown.  Branches  sparingly 
armed  with  short  hooked  prickles,  or  occasionally  unarmed,  sometimes  with  whitish 
lines. 
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liOSACE.E:  KOSE  FAMILY.    OllEKUlES  AND  PLUMS. 

12.— Wild  Yellow  or  Ued  Plum.    Canada  Plum.    Horse  Plum. 
{Prunus  Americana^  MarsbalL) 

A  small  tborny  tree,  abuDclant,  and  formiug  thickets  iu  drj'  or  moist 
situations.  It  is  seldom  more  tbau  15  to  30  feet  liigb,  witb  a  diameter  of 
3  to  10  iucbes.  In  tbe  Rocky  Mountain  region  it  is  found  cbiedy  in 
central  Colorado,  but  bas  a  wide  range  tbrougb  tbe  eastern  United 
States  and  nortb  of  tbe  boundary.  It  reacbes  its  largest  size  in  east- 
ern Texas.  Tbe  wood  i»  beavy,  very  bard  and  tougb,  and  is  used  oc- 
casionally for  fuel,  ligbt  tool-stock,  etc.  Tbe  fruit  is  often  large,  edible, 
and  witb  a  pleasant  taste  wbeu  fully  matured.  Sometimes  cultivated 
or  used  for  grafting  stock. 

Descrijition. — Leaves  2  to  3  inches  long,  ovate,  pointed,  coarsely  or  Qnely  tootbcd 
on  the  niurgin  ;  smooth  and  with  prouiineut  veins  when  mature.  Fruit  somewLut 
spherical  to  ovoid  in  shape,  i  to  I  inch  in  diameter ;  dark,  with  reddish  tiuge  aud 
yellowish  areas.  ~ 

13. — Chickasaw  Plum.    IIogPlujl   {Prunus  angustifolia,  Marsball.) 

Supposed  to  be  a  native  of  tbe  eastern  slo])es  of  tbe  soutbern  Kocky 
Mountains,  bere  found  at  elevations  up  to  7,000  feet.  (But  by  cultiva- 
tion it  bas  become  widely  distributed  eastward  to  tbe  Atlantic  coast, 
>M\\]i  of  Pennsylvania.)  It  is  a  small  tree,  20  to  30  feet  in  beigbt,  with 
I  trunk  4  to  10  incbes  in  diameter,  or  in  some  situations  reduced  to  sv 
sbrub.  It  prefers  a  ricb,  moist  soil,  and  is  found  growing  cbietly  along 
water-courses  and  tbe  borders  of  ricb  woods.  Tbe  wood  is  ratber  beavj', 
but  soft  and  brittle.     Cultivated  considerably  for  its  fruit. 

Z)esm/)<t(>H.— Leaves  li  to  2  inches  long,  thin,  smooth,  lance-shaped,  with  fine,  sharp, 
incurved  teeth  on  the  margin.  Fruit  ^  to  \  of  an  inch  in  diameter  (home  ou  short 
steins),  spherical,  yellowish  red,  and  with  little  bloom;  thin-skinned,  sweetish. 
Chielly  shrubby  aud  inclined  to  be  thorny. 

41.— WlldRedCuerry.    Pin  Cherry.    Pigeon  Cherry.  {Prunus 

Pennsylvanica,  Liuu.) 

Commonly  a  very  small  tree  or  sbrub  as  it  occurs  iu  tbe  Rocky  Moun- 
I  ains  of  Colorado.  In  its  eastern  range  tbrougb  uortbern  and  central 
United  States  it  becomes  somewbat  larger,  but  seldom  more  tbau  15  to 
30  feet  iu  beigbt,  and  Gtol2  incbes  iu  diameter.  Tbe  wood  is  soft  and 
ligbt,  aud  wbere  large  enougb  is  occasionally  cut  for  fuel.  Fruit  used 
sometimes  for  medicinal  purposes. 

DcHcriptioH. — Leaves  2  to  3i  inches  long,  ovate,  lance-shaped,  long-pointed,  finely 
and  sharply  toothed  on  the  margin;  thin,  shiny,  green  above  and  below.  Fruit 
small,  globular,  very  dark  red;  flosh  scanty  aud  sour.     Bark  reddish  brown. 
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45. — Oregon  Cherry.    {Prunus  emarginata,  Walpers.) 

A  tree  sometimes  20  to  30  feet  in  beigbt,  and  4  to  10  incbes  in  diam- 
ter,  occurring  abnndautly  along  streams  and  iu  moist  valleys  of  tbe 
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mountaiuoiis  portious  ot  uortberu  Idalio  and  western  Montana  (on 
Pucitie  coast  and  north  of  United  States  l)oundai;v)j  reacliin<,'  elevations 
from  3,000  to  4,000  feet;  bnt  at  high  altitnd'.'s  reduced  to  a  shrub,  lie- 
n)arkable  for  the  density  of  its  growth,  covering  quite  huge  areas.  Va- 
riety mollis  (Brewer)  is  the  form  commonly  met  with  in  the  northern 
llocky  Mountain  region.    The  timber  is  light,  soft,  and  brittle. 

Description. — Leaves  obJoug-ovate,  or  laiicc-sliaped,  cliicfly  with  a  bliiut  apex,  ta- 
pering to  a  short  stem  ;  with  small,  rounded  teeth  on  the  margin,  and  woolly  piibos- 
ceuce  on  the  under  surface.  Fruit  small,  globular,  red  or  blackish,  with  bitter  astrin- 
gent taste  ;  not  edible  ;  stone  with  a  grooved  ridge  on  one  side.  Bark  much  like  tliut 
of  the  common  cherry  tree  of  cultivation.     Notable  for  its  slender,  straight  trnuks. 

40. — Wild  CnEHKY.  {Primus  Cajmli,  Cavanilles.) 

A  rather  small  t^-ee,  growing  in  light,  rich  soil  of  canyon  bottonis, 
and  ranging  through  Arizona,  New  Mexico  (western  Texas,  and  soutii- 
ward),  usually  between  5,000  and  7,000  feet.  It  is  a  very  prolific  spe- 
cies, but  does  not  attain  its  largest  size  in  the  United  States  ;  commonly 
not  more  than  30  feet  in  height,  with  a  trunk  3  to  10  inches  in  diame- 
ter.   The  wood  is  heavy  and  rather  hard. 

Description. — Leaves  1  to  3^  inches  long,  ovate  to  lance-shaped,  sometimes  with 
rather  loug  tapering  point;  finely  aud  sharply  toothed  on  the  margin  ;  smooth,  paler 
on  under  surface.  Very  young  shoots  and  leaf  stalks  downy.  Fruit  globular,  §  of  an 
inch  iu  diameter,  dark  red,  with  large  stone  aud  scanty  flesh  ;  edible. 

47.— Wild  Cherry.    {Primus  Demissa,  Walpers.) 

Chiefly  a  small  shrub  as  met  with  on  the  western  slopes  of  the  Rocky 
Mountains  of  Montana.  In  its  more  w^esterly  range  on  the  Pacific  coast 
it  becomes  larger,  sometimes  30  feet  in  height,  and  G  to  12  inches  in 
diameter,  usually  preferring  rich  valleys.  The  wood  is  heavy,  hard, 
but  brittle. 

Discription. — Leaves  ovate  to  oblong-ovate,  tapering  suddenly  to  a  point,  rounded 
or  heart-shaped  at  the  base;  sharply  toothed  (teeth  straight)  ou  the  margin;  com- 
monly downy  on  the  under  side  and  dull  green  above.  Fruit  purplish  or  dark  red, 
with  sweetish  astringent  taste;  edible. 

4S. — CnoKE-CHEREY.     {Prunus  Virginiana,  Linn.) 

Chiefly  a  slender  shrub,  but  sometimes  a  small  tree  10  to  ]5  feet  in 
height.  A  widely-distributed  species, occurring  generally  throughout 
the  northern  Kccky  Mountain  region  (also  eastward  and  north  of  the 
United  States  boundary),  usually  preferring  moist  positions.  The  wood 
is  light  and  rather  hard. 

Description. — Leaves  thin,  usually  smooth  and  shiny  above,  paler  beneath,  1  to 
nearly  5  inches  long,  mostly  broad-ovate  (wider  near  Iho  top)  to  oblong,  tapering 
suddenly  to  a  short  point  at  either  end,  sometimes  heart-or  wedge-shaped  at  the 
base;  margin  finely  cut  with  sharp  teeth  (often  of  two  sizes).  Flowers  (white)  and 
fruit  borne  in  a  rather  long  cylindrical  cluster  {raceme);  the  latter  when  ripe  i  to 
i  of  an  inch  in  diameter),  dark  red,  very  astringent,  though  with  more  or  less  pleas- 
ant taste. 
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VJ.—Canotia  holocantha,  Torrey. 

Au  anomalous  sliPub,  or  small  tree,  10  to  20  feet  liigli,  and  entirely 
without  leaves.  It  occurs  on  the  dry  plateaus  of  Arizona,  and  proba- 
bly in  New  Mexico.  The  wood  is  heavy  and  hard,  but  of  little  use  except 
for  fuel. 

DescrijHion. —The  braucbes  are  straight,  spine-like,  ami  peculiar  for  their  smooth 
green  bark  with  black  scars.  The  seeds  are  borne  iu  a  solitary,  erect,  woody  pod  (I 
inch  long)  with  thin,  sharp  point,  at  maturity  splitting  open  at  the  top,  thus  forming 
10  bristle-i)ointed  teeth ;  seed  small,  ilat,  dark,  with  a  thin  wing  attached  to  one  end. 

oO,_MouNTA.iN  Ma.hoga.ny.    (Cercocarpus  ledi/oUus,  Nuttall.) 

A  low  tree  or  shrub,  rarely  more  than  35  feet  in  height  .ind  2  feet  in 
diameter ;  usually  much  smaller— 10  to  20  feet.  It  generally  grows  on 
dry  rocky  slopes  between  0,000  and  8,000  feet  elevation,  and  is  found 
in  the  mountain  ranges  of  northern  Idaho,  western  Montana  and  Wy- 
oming, Arizona,  and  New  Mexico  (it  occurs  also  on  tlie  Pacific  coast 
from  VVashinf,^ton  Territory  to  southern  California).  The  wood  is  dark, 
exceedingly  heavy  and  hard,  but  not  strong.  It  furnishes  the  most 
valiuible  fuel  of  the  Rocky  Mountain  region,  and  is  extensively  em- 
ployed in  making  charcoal. 

i^t'scvO^/ioH.- -Leaves  4  to  1 J  inches  long,  narrow  lance-shaped,  sharp-pointed  ;  mar- 
gins entire,  and  commonly  rolled  back;  thick,  leathery,  slightly  resinous;  smooth 
above,  downy  on  the  under  surface  ;  evergreen.     Seed  with  a  hairy  tail  2  to  '.i  inches 
\  long.    Usually  a  low  and  much-branched  tree;  crown  dense. 

1 1.— Mountain  Mahogany.    {Cercocarpus parvifoluis,  Nuttall.) 

Chiefly  a  shrub,  but  sometimes  attaining  a  height  of  20  to  30  feet, 
with  a  diameter  of  G  to  12  inches.  It  generally  occurs  on  dry  gravelly 
sod  at  elevations  between  0,000  and  8,000  feet,  ranging  through  the 
Ivocky  Mountains  of  Wyoming,  Colorado,  and  New  Mexico,  where  it  is 
said  to  reach  its  largest  size  (southern  Arizona  and  southward  ;  also 
on  coast  of  California  and  southward).  Like  the  i)receding  species,  it 
atfords  excellent  fuel,  and  where  largo  enough  is  used  considerably  for 
this  purpose. 

/>t'«t)i>/it)«.— Leaves  i  to  1|  (commonly  i  to  ^  inch)  long,  on  short  stems;  mostly 
wedge-shaped  at  the  base,  rather  coarsely  toothed  at  the  upper  end,  which  is  rounded 
or  sharp-pointed;  young  leaves  with  silky  hairs  above,  with  age  less  prominent  or 
wanting;  whitish  on  the  under  surface,  with  line,  dense  wool;  evergreen.  Seed 
with  a  hairy  tail  2  to  2J  inches  long,  sometimes  3J  to  4  inches. 

.".2.— Western  Mountain   Ash.     {Pynts  sambucifolia,  Cham,    and 

Schlecht.) 

Cliietly  a  shrub  0  to  10  feet  high,  or  occasionally  a  small  tree  20  to  25 
feet,  with  a  trutdc  sometimes  8  or  10  inches  in  diameter;  usually  con- 
fined to  deep  swamps  and  the  banks  of  streams.     In  the  Rocky  Mount- 
u  region  it  extends  from  New  Mexico  to  Colorado  (westward  to  Cali- 
rnia,  nonh  to  British  Columbia  and  northward  j  ejistward  along  the 
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iiortberu  tier  of  States  to  the  Atlantic),  attaiuing  its  largest  size  iu 
latter  range.    The  wood  is  light,  soft,  and  of  no  special  value  except  for 

fuel.  • 

• 

Description. — Leaves  compouiKl,  composed  of  from  3^  to  7^  pairs  of  leaflets,  the  lat- 
ter varyiuj;  in  length  from  IJ  to  3  inches,  and  in  width  from  |  to  nearly  1  inch  (ex- 
cei)tionally  IJ  inches  wide) ;  mostly  ovate-oblong  or  lance-shaped,  ai;d  tapering  snd- 
denly  to  a  short  point  at  either  end,  or  ronnded  at  tlie  top  ;  margin  sharply  toothed 
(sometimes  with  teeth  of  two  sizes),  smooth.  Fruit  abundant,  in  Hat  clusters,  berry- 
like, red,  globular,  |  of  an  inch  iu  diameter  ;  together  with  the  bark  sometimes  used 
ofhciually. 

BLACK-FIIUITED  IlAWTlIOKNS. 
53. — Crataegus  rivularis,  Nuttall. 

A  shrub  or  small  tree  sometimes  attaining  a  height  of  10  to  20  feet, 
with  a  diameter  of  3  to  10  indies.  It  occurs  in  the  mountain  ranges  of 
Idaho,  Montana,  Utah,  Colorado,  to  southern  New  Mexico  (Pinos  Altos 
Mountains),  forming  impenetrable  growths  along  water  courses  and  on 
the  borders  of  swamps  (it  is  found  also  in  eastern  Oregon,  Washing- 
ton Territory,  and  north  of  the  United  States  boundary).  The  wood  is 
hard,  heavy?  fiud  tough. 

i>(!StT/^;<ioM.— Leaves  ovate  to  lance-ovate,  1  to  3  inches  long,  3  to  2  inches  wide, 
more  or  less  wedge-shaped  at  the  base,  blunt  or  shiirp  pointed;  entire  margin  often 
with  fine  and  coarse  teeth,  but  chielly  confined  to  the  npper  part ;  smooth  above,  or 
with  few  delicate  hairs,  especially  on  the  veins;  pale  below.  Fruit  blackish,  f  inch 
in  diameter.  Thorns  few,  rather  short  and  thick,  i  to  IJ  inches  long  ;  seeds  (nutlets) 
prominently  ridged  on  the  back.     Generally  much  branched. 

54. — Crataegus  Boiiglasii,  Lindley. 

The  most  westerly  of  the  thorns,  occurring  iu  Idaho,  western  Mon- 
tana (and  from  northern  California  to  Washington  Territory  and  north 
of  United  States  boundary).  Sometimes  30  feet  high  and  10  inches  in 
diameter.  It  prefers  a  somewhat  moist  sandy  soil,  forming  dense 
thickets  along  streams  and  in  valleys,  reaching  its  largest  size  on  the 
Pacific  coast  (Oregon)  but  chieily  a  shrub  in  the  Eocky  Mountain  region. 
The  wood  is  heavy,  hard,  and  tough,  being  locally  used  for  wedges, 
mauls,  etc. 

/)<'scri^<ion.— Leaves  l^  to  4  inches  long,  f  to  2|  inclies  wide,  oblong-ovate  to 
broadly  ovate,  with  rounded,  somewhat  wedge-shaped,  or  shar])ly-tapering  base; 
rounded  or  sharp  pointed  ;  entire  margin  sometimes  with  fine  sharp  teeth,  or  more 
often  with  large  teeth  above,  which  are  themselves  entire  or  finely  toothed;  smooth 
on  the  upper  surface,  or  with  few  delicate  silky  hairs;  pale  beneath.  Young  branch- 
lets  and  leaf-stalks  woolly.  Fruit  f  of  an  inch  in  diameter,  black-purple,  sweet, 
edible;  often  collected  and  eaten  by  the  Indians;  seeds  (nutlets)  strongly  ridged  on 
the  back.    Thorus  short  and  strong,  f  to  If  inches  long. 

55. — Black  Thorn.    Pear  Thorn  or  Uaw.    {Crataegus  tomentosa, 

Linn.) 

One  of  the  most  widely  distributed  of  the  North  American  Thorns, 
varying  much,  and  iu  size  from  a  low  shrub  to  a  tree  sometimes  30  feet 
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ill  height  niul  1  loot  or  more  in  diameter,  often  forminj,'  <len«e  j?ro\vtli8 
alonj;  streams  and  in  valleys.  It  is  found  in  soulii western  New  Mexico, 
southwestern  Colorado  (eastern  V\'ashin{;ton  Territory  and^Ure^on; 
also  ranging  through  the  eastern  half  of  the  United  States  and  north 
of  the  boundary).     The  wood  is  heavy  and  hard,  but  rather  brittle. 

Description. — Leaves  varying'  in  length  from  1^  toli  inches,  anil  from  I  to  'A  inulie.s 
ID  witUh;  oval  to  broadly  ovate  or  slightly  oblong  ovate,  Hhari>-pointe(l  or  rounded  ; 
at  tiio  base  taptsring  sharply,  somewhat  wedge-8ha))ed,  or  rounded;  margin  usu- 
ally cut  with  large  teetli  (sometimes  lobe-like),  which  are  themselves  linely  tootlutl 
(doubly  serrate);  upper  surface  smooth,  or  more  or  less  downy,  asare  the  leaf-and 
llower-stenis.  Fruit  globular  to  slightly  pear-shaped,  |  to  nearly  J  of  an  inch  in  diam- 
eter, light  red  or  orange-colored;  edible.  Thorns  1  to  2^  inches  long,  thick  and 
sharp. 

CAPRIFOLIACE^E  :  aONEYSUCKLE  FAMILY. 

50.— Elder.    {Sambumui  glauca,  Nuttall.) 

A  large  shrub  or  tree,  sometimes  attaining  a  lieigbt  of  20  to  25  feet, 
with  a  diameter  of  C  to  12  inches.  It  is  found  abundantly  in  the  Wah- 
satch  Mountains  of  central  Utah,  usually  along  valleys  in  a  dry  soil, 
but  is  met  with  chiefly  on  the  Pacific  coast,  extending  from  J\Iexico  to 
British  Columbia  and  northward.  The  wood  is  light,  soft,  and  little 
esteemed.  As  an  ornamental  tree  it  is  quite  popular,  being  used  con- 
siderably for  this  purpose. 

Description. — Leaves  compound,  with  2^  to  4^  pairs  of  ovate  or  oblong  lancc- 
shai»ed  leallets,  which  vary  in  length  from  1^  to  4^  iuches,  and  in  width  from 
I  to  1^  inches;  base  of  the  leallet  acute  and  often  with  uiie«^ual  sides  (nni(jiii- 
latiral);  apex  usually  with  long  thin  point;  margiu  sharply  toothed;  generally 
smooth  (but  sometimes  slightly  pubescent).  Fruit  in  a  llat-topped  cluster,  black,  but 
covered  with  a  dense  white  iloont — a  striking  characteristic.  Pith  of  young  branches 
white. 

OLEACE^E:  OLIVE  FAMILY. 

57. — "SiNGLE-LEAF  ASH."     {Fraxinus  anomala,  Torrey.) 

Abundant  on  shady  hillsides  and  plateaus.  A  small  tree,  rarely  nioro 
than  20  feet  in  height  and  3  to  G  inches  in  diameter,  occurring  in  south- 
ern Utah  and  southwestern  Colorado.  The  wood  is  hard,  heavy,  and 
coarse-grained. 

Description. — An  anomalous  species,  lacking  the  usual  compound  leaf  peculiar  to 
other  ashes.  Loaves  simple,  opposite,  1  to  2  inches  long,  ovate,  orbicular  or  heart- 
shaped  (chietly  the  latter),  often  with  a  broad  notch  at  the  end,  mostly  rounded  above 
or  with  short  ])oint ;  margin  entire  or  with  shallow,  rounded  teeth  ;  sometimes  smottih, 
but  usually  more  or  less  downy  on  the  under  surfaces,  as  are  the  leaf-stems  and  young 
shoots,  but  more  densely  so.  Seeds  J  to  I  of  an  inch  long,  ovate,  pointed  at  the  base, 
rounded  and  with  notch  above,  strongly  veined  in  the  center.  V'oung  shoots  ofteu 
strongly  (luadrangtilar,  with  thin  raised  ridgo  (wing)  at  tUo  augles. 

24738— Bull  2 12 
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58. — (Fraxinus  pistadwfolia,  Torrey.) 

A  small  but  rather  abundant  ash  occurring  along  streams  and  on 
rocky  plains,  often  growing  in  the  crevices  of  rocks  where  there  is  but 
little  soil.  It  ranges  through  southern  New  Mexico  (southern  and  east- 
ern Arizoua;  also  iii  southern  Nevada,  in  the  mountains  of  western 
Texas,  and  south  into  Mexico).  Thirty  to  40  feet,  with  a  diameter  rarely 
nu)re  than  1  foot.  The  timber  is  heavy,  coarse-grained,  and  decays  rap 
idly,  but  is  apparently  useful  for  many  of  the  same  i)urposes  as  the 
eastern  White  Ash;  sometimes  employed  for  wagon-stock,  handles,  etc 

Ihscriplton. — Leaves  compound,  with  from 2^  to  3^  pairs  of  leaflets,  tlio  latter  vary- 
in<I  iiiucb  in  size  and  form  ;  1  to  4^  inches  long,  J  to  2  inches  wide,  ovate  to  narrowly 
lauce-sha,ped ;  margin  sometimes  entire,  but  chiefly  with  short,  shallow,  distaut  teeth  ; 
smooth  above  and  below,  but  latter  surface  often  downy,  the  veins  always  more  or  less 
so,  as  also  are  the  young  shoots  and  leaf-stems.  Seeds  f  to  If  inches  long,  narrow, 
with  a  spatulato  wing  at  the  end,  which  is  rather  broadli'  notched,  rounded,  or  with 
sharp  point;  abundant.     Branches  round. 

DO. — Kbd  Ash.    {Fraxinus  pubescens,  Lam.) 

A  ra4:her  small  tree,  30  to  40  feet  in  height,  with  a  diameter  seldom 
more  than  l^feet;  very  rare  in  the  Rocky  Mountain  region  (being  found 
chiefly  in  the  northern  and  Atlantic  States) ;  generally  growing  along 
water-courses  and  in  swampy  situations.  The  wood  is  rather  heavy, 
hard,  and  strong,  but  large  timber  is  often  brittle  and  much  inferior  to 
that  of  the  White  Ash,  though  occasionally  used  for  the  same  purposes 
as  the  latter. 

DisuHplion. — Leaves  compound  with  3^  to  4^  (commonly  the  former)  pairs  of  leaf- 
lets, varying  in  length  from  3  to  5  inches,  and  in  width  from  1  to  nearly  2  inches; 
ovate  to  oblong— lance-shaped,  with  rounded  base  and  rather  long,  thin  point ;  margin 
chiefly  entire,  but  sometimes  with  shallow  or  indistinct  teeth ;  smooth  above  and 
woolly  beneath  ;  leaf-stems  and  young  shoots  rusty-velvety.  Seed  1^  to  2  inches  long, 
narrow  and  pointed  at  the  base,  broadening  into  a  narrow  wing  above  \  of  an  inch  or 
less  in  width.     Freshly  parted  bark  of  the  branches  reddish. 

60. — Skeen  Ash.     {Fraxinus  viridis,  Michx.  f.) 

A  middle  sized  tree  of  considerable  importance  on  account  of  its 
adaptability  to  various  situations,  though  in  its  natural  state  found 
mostly  in  rather  moist  soil  of  bottoms  and  along  streams.  It  occurs  in 
the  eastern  Rodky  Mountain  ranges  of  Montana,  Wahsatch  Mountains 
(in  central  Utah),  and  in  the  ranges  of  eastern  and  northern  Arizona 
(eastward  it  is  found  along  the  Atlantic  coast  and  north  of  the  United 
States  boundary).  Forty  to  GO  feet  in  height  and  1  to  1 J  feet  in  diameter. 
The  wood  is  heavy,  hard,  and  strong,  often  coarsfe-grained,and  although 
generally  inferior  in  quality  to  that  of  the  White  Ash,  it  is  used  as  a 
substitute  for  the  latter. 

Dtsa-iplion. — Leaves  compound,  with  2J  to  4^  pairs  of  leaflets,  which  are  2  to  5i 
inches  long  and  from  ^  to  If  inches  wide;  ovate,  oblong-ovate  to  lauce-shuped,  often 
with  long  tapering  point,  sometime^  ra.ther  wedge-shaped  or  rouyded  at  the  base; 
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margin  entire,  with  acute  or  blnnt  teeth,  or  sometimes  with  teeth  only  near  the 
iiiiiiit;  smooth  and  green  both  sides,  but  with  fine,  close  down  on  midrib  below. 
Sot'ils  1  to  li  inches  long,  i  to  i  (commonly  i)  of  an  inch  wide,  slender  and  sharp- 
poiiitiHl  at  the  base,  broadening  into  a  lance-shaped  or  spatulate  wing  above  ;  ridged 
Drauches round.     Young  seedlings  smooth  aild  straight. 

BIGNONIACEiE :   BIGNONIA  FAMILY. 

01, — "Desert  Willow."    {Chilopsis  saligna,  D.  Don.) 

A  small  shrub  or  tree,  10  to  25  feet  in  height  and  4  to  10  inches  in 
diameter,  growing  ouly  near  water,  and  preferriug  a  light  sandy  soil. 
It  occurs  through  southern  Arizona  and  New  Mexico  (west  into  south- 
ern California,  east  into  Texas,  south  into  northern  Mexico).  The 
wood  is  light,  soft,  and  much  like  that  of  the  Black  Walnut,  but  lighter, 
and  very  suitable  for  cabinet  work,  though  large  trees  are  apt  to  be 
hollow  aud  useless  for  lumber. 

Description.— Lieavf^s  alternate,  1^  toS^  inches  long,  commonly  less  than  i  inch  wide; 
linear  to  linear-lance-shaped,  usually  tapering  to  a  very  slender  point  at  either  end. 
Flowers  large,  (2  inches  long)  white  or  purplish.  The  seeds  are  borne  in  a  long  slen- 
der pod  (like  the  Catalpa  bean),  6  to  12  inches  long ;  seeds  small,  flat,  and  with  a  thin 
brush  of  whitish  wool  at  each  end. 


UETICACE^ :  NETTLE  FAMILY. 

02.— White  Elm.    Ameeican  Elm.    Water  Elm.    {Ulmus Ameri- 
cana, Linn.) 

A  large  tree,  attaining  a  height  sometimes  of  over  100  feet,  with  a 
diameter  of  4  to  0  feet.  It  occurs  sparingly  in  the  northwestern  Rocky 
Mountain  region  (but  has  an  extended  range  east  of  the  Rockies  to  the 
Athintic  and  somewhat  north  of  the  United  States  boundary) ;  very 
adaptive  to  different  soils,  but  preferring  moist  bottom-lands,  where  it 
reaches  its  largest  size.  The  wood  is  heavy,  rather  hard,  and  tough, 
often  very  difficult  to  split;  in  its  eastern  range  used  considerably  for 
coarse  lumber,  flooring,  staves,  wheel-stock,  and  fuel.  When  employed 
fur  himber,  it  requires  care  in  seasoning  to  prevent  it  from  warping 
badly.    Often  used  as  an  ornamental  tree. 

Ih'scriplion. — Leaves  2  to  4  inches  long,  oval  or  oblong  (broader  above),  tapering 
suddenly  to  a  short,  narrow  point;  base  rounded  (unequal-sided — peculiar  to  elms); 
margin  sharply  cut  with  teeth  of  two  sizes;  smooth  above,  hairy  below,  though  often 
becoming  smooth.  Fruit  {samara,  J  inch  long)  with  thin  wing  all  around,  borne  on 
drooping  stems  in  small  clusters;  ovate,  with  a  notch  at  the  apex  closed  by  two  in- 
curved teeth ;  margin  of  the  w  ing  with  hair-like  fringe.  Branchlets  and  buds  smooth. 
Largo  tree,  with  thick,  grayish,  and  deeply  furrowed  bark  ;  with  room,  producing  low- 
trunk,  and  a  broad,  much-branched  crown;  closely  grown,  the  latter  is  contracted 
iiid  the  trunk  tall  and  straight. 
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03.— Western  Sugar  bkiiry.     Hack  ijeury,    Palo  1>lanco.    {Cel 
its  occidentalism  Liiiu.,  var.  rcliculata.) 

A  nitlier  small  tree,  usually  growing  jilong  streams  in  high  mountain 
canyons,  or  in  less  favorable  situations  reduced  to  a  shrub.  It  oc<ans 
f:om  the  mountains  of  southern  Arizona  through  the  Rocky  JMountains 
to  eastern  Oregon  j  sometimes  30  feet  higli,  with  a  trunk  18  inches  in 
diameter,  but  mostly  with  a  short,  thick  trunk,  and  branching  near 
the  ground,  thus  furnishing  but  little  good  timber,  although  the  latter  is 
sound,  heavy,  hard,  and  desirable  for  turnery.  The  wood  is  not  geuer- 
jdly  distinguishable  fioui  that  of  the  type  which  is  found  farther  east. 

DescriidioH.  —Jjeaves  thickisli,  1  to  2}  inches  long  ami  J  to  1|  inches  wide,  mostly 
lioart-shiipcd,  with  an  acute  apex,  sometimes  ovate  lauce-sbaped ;  base  often  with 
uno([iial  sides  (oblique);  margin  entire  or  sharply  toothed  ;  upper  surface  rontjli,  with 
fine,  sharp  teeth  pointing  toward  the  apex;  usually  with  soft  pubescence  belo.w  or 
roughish  on  the  veins,  which  are  peculiarly  joined  into  a  net-work  (reticulale). 
Fruit  globular,  cherry -like,  reddish-yellow  (purple  with  age),  i  of  an  inch  in  diameter, 
with  large  stone  and  scanty  flesh  (sweetish) ;  on  slender  stems,  i  to  ^  of  an  inch  long 
from  axil.s  of  leaves.  Young  shoots  hairy.  Kesembles  an  Elm  in  its  general  appear- 
ance. 

C4.    Mexican  Mulberry.    {Moms  microphylla,  Buckley.) 

A  small  tree,  sometimes  20  to  25  feet  high  and  6  to  10  inches  in  di- 
ameter, or  reduced  to  a  shrub.  It  occurs  most  commonly  in  the  mount- 
ain canyons  of  southern  New  Mexico,  where  it  probably  attains  its 
largest  size  (also  in  western  Texas  and  Mexico).  The  wood  is  hard 
and  heav^-^,  but  of  little  use,  except  foi*  fuel  as  the  trunks  are  generally 
much  distorted,  flattened,  and  twisted. 

Description, — Leaves  small,  1  to  If  inches  long,  \  to  1  inch  wide,  ovate-heart-shaped, 
sharp  pointed,  margin  sharply  toothed ;  rough,  with  short  bristly  hairs  above  and 
below  ;  leaf-stems  and  young  shoots  velvety.  Fruit  small,  often  sweet  and  pleasant. 
IJark  much  broken,  except  in  young  trees.     Milky  juice  exudes  from  a  freshwound. 

PLATANACEiE  :  PLAllJE-TREB  FAMILY. 

05. — Sycamore.    {Flatanus  WrightU,  Watson.) 

A  middle  sized  tree,  40  to  00  feet  in  height  and  1  to  2  feet  in  diameter, 
abundant  in  the  mountain  cannons  of  southwestern  New  Mexico,  and 
in  some  localities  being  the  predominant  species  (it  occurs  also  in 
southeastern  Arizona  and  in  Mexico).  The  wood  is  light,  soft,  and 
brittle. 

Description.— liOaves  alternate,  rounded  in  outline,  5  to  7  inches  broad,  deeply  cut 
Into  ;Ho  7  (chiefly  5)  sharp-pointed  lobes;  usually  a  deep  sinus  at  the  base;  young 
shoots  and  leaves  densely  clotlied  above  and  below  with  a  velvety  down,  which  is 
more  cy^Jess  persistent  with  age.  The  seeds  are  packed  in  a  spherical  head — "  ball " — 
which  is  J  of  an  inch  in  diameter,  3  to  5  of  these  balls  borne  on  a  long  peiulent  stem. 
The  trunks  are  often  crooked  and  more  winding  than  other  species  of  Platanus. 
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JUGLANDACEyE  :  WALNUT  FAMILY. 

00. — Walnut.    (Juglans  rupesiris^  Eugelm.) 

A  tree  of  consulerable  economical  importance,  occnrring  quite  abun. 
dantly  in  the  rich  soil  of  mountain  canyons  at  elevations  lictween  5,(KM) 
and  8,000  feet,  ranging  through  southern  New  Mexico  (Arizona  and 
along  the  coast  from  southern  to  central  California;  eastward  through 
western  Texas) ;  30  to  CO  feet  in  height  and  1  to  2  feet  in  diameter. 
The  wood  is  hard  and  heavy,  but  brittle,  with  a  dark  rich  brown  color, 
and  nearly  or  quite  as  valuable  for  cabinet-work  as  that  of  the  Black 
Walnut  of  the  East. 

Description.— Ijcakwca  coiupound,  with  from  5  to  10  pairs  of  leaflets,  wbich  vary 
ill  length  from  2  to  :]|  inches  by  J  to  1  (chiefly  i  to  f)  inch  wide;  lance-shaped 
to  somewbat  broadly  so,  pointed  or  ronnded  at  the  base,  and  narrowing  to  a  nsnally 
long  tbiu  point ;  margin  finely  toothed  ;  youngleallets  velvety,  as  are  tbe  buds,  shoots, 
and  Icaf-stoms;  witb  age  the  former  almost  witbont  tiie  down,  exc*'pt  on  the  veins. 
Frnit  small,  velvety  when  yonng,  becoming  more  or  less  smooth  at  niatnrity ;  glob- 
nlar  or  slightly  ovate;  ^  to  1  inch  in  diameter,  with  a  very  thin  hnsk;  shell  smooth, 
wrinkled  ;  sweet  and  edible. 

CUPULIFER.15:  OAK  FAMILY. 

•  '7. — Scrub  Oak.     {Quercus  nnditlata,  var.  Gambelii,  Engelin.) 

Often  a  low  shrub,  or  rather  small  tree,  rarely  more  than  50  feet  in 
height  (exceptionally  75  feet)  and  1^  feet  in  diameter,  occurring  abun- 
dantly on  the  eastern  slopes  of  the  Kocky  Moun rains  of  Colorado,  in  the 
high  mountains  of  southern  New  Mexico  and  Arizona,  where  it  probably 
attains  its  largest  size.  (It  is  also  found  in  theWahsatch  Mountains  of 
central  Utah  and  in  the  mountains  of  western  Texas  )  The  timber  is 
heavy,  hard,  and  strong,  and  rather  tough  when  young,  but  it  is  im- 
portant chiefly  for  fuel  and  tanbark,  as  the  largo  trees  are  too  often 
hollow  and  defective  for  lumber.* 

Description. — Leaves  1  to  5  (mostly  1  to  3)  inches  long,  and  J  to  ."i  inches  wide. 
■  ate  (larger  at  upper  end)  or  oblong  in  outline  ;  margin  with  bristle-pointed  coarse 
'  ith,  or  rather  deeply  cut  into  from  3  to  5  somewhat  equal  lobes,  with  rounded 
tiids;  young  shoots,  leaf-stems,  and  under  surface  of  leaves  clothed  with  velvety 
yellowish  down.  Acorns,  mostly  solitary,  sometimes  in  pairs,  ovoid  or  oblong  with 
sword-shaped  point,  J  to  |  of  an  inch  in  length,  and  f  to  ^  an  inch  in  diameter,  some- 
times quite  enveloped  by  the  closely  scaly  and  downy  cup.  t  A  variable  variety,  and 
for  the  present  purpose  no  attempt  is  made  to  describe  in  any  but  general  terms 
i'  0  many  forms  that  probably  belong  here. 

''^.— Burr  Oak.    Mossycup  Oak.   Over  cup  Oak.    {Quercus  macro- 

carpa,  Michx.) 

One  of  the  largest  and  most  important  timber  trees,  extending  farthest 
west  and  northwest  of  any  of  the  eastern  Oaks.    It  is  somewhat  rare 

•  It  is  ;i  useful  tree,  rtirnishing  d«'8irable  soil  cover  autl  sliadc  fi»r  denuded  liillsides. 

♦  Trunk  and  brandies  often  much  twisted. 
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and  much  smaller  as  it  occurs  on  the  eastern  foot  bills  of  the  Kockj- 
Mountains  of  Montana  than  in  its  more  eastern  rano;e — central,  north 
central,  and  northeastern  States;  here,  being  especially  well  developed 
on  rich  bottom-lands  and  prairies,  sometimes  reachinj^  a  height  of  100 
feet  with  a  diameter  of  4  to  G  feet.  The  wood  is  heavy,  hard,  and 
tough,  and  the  most  durable  of  any  of  our  oaks.  In  its  Rocky  Mount- 
ain range  it  is  scarcely  of  any  economic  importance,  but  eastward  is  ex- 
tensively' employed  for  carriage-  and  wagon-stock,  agricultural  imple- 
ments, lumber,  tie-timber,  posts,  etc. 

Dcscrlpllon. — Leaves  ov.ate,  broader  above  or  oblonj;  in  outline,  tapering  rather 
sharply  at  the  base,  4  to  10  inches  long,  and  2  to  G  inches  wide,  more  or  less  deeply 
lobed  (3  to  G  pairs),  the  latter  entire  or  with  shallow  blnnt  teeth  or  sub-divisions; 
young  shoots  minutely  downy,  as  are  the  young  leaves  above  and  below,  thoUgli 
usually  becoming  smooth  on  the  upper  surface  at  maturity.  Acorns  large,  broa<lly 
ovate,  solitary  or  in  pairs  (on  strong  footstalks  an  inch  long),  nearly  or  quite  envel- 
oped by  a  thick,  scaly,  mossy-fringed  cup,  together  J  to  IJ  inches  long  and  ^  to  1  inch 
in  diameter. 

CO.— "Evergreen    Oak."      "Live    Oak."       {Quercm    ohlongifolia 

Torrey . ) 

A  small  tree  of  little  economic  value,  found  along  the  foothills  of  the 
mountain  ranges  of  southern  Arizona  and  Now  Mexico  (southward 
into  Mexico;  also  on  the  foot  hills  of  the  San  Gabriel  Mountains,  south- 
ern California).  Twenty  to  40  feet  high,  and  ^  to  2.}  feet  in  diameter. 
The  wood  is  very  heavy  and  hard,  but  brittle ;  the  largest  trees  are  apt 
to  be  hollow,  and  hence  seldom  used  except  as  fuel. 

Desciiption. — Leaves  evergreen,  leathery,  1  to  2  (exceptionally  3)  inches  long,  and 
^  to  1  inch  wide,  chiefly  oblong,  sometimes  ovate-oblong,  rounded  or  slightly  heart- 
shaped  at  the  base,  rounded  or  pointed  at  the  tip  ;  margin  entire  or  with  a  few  shallow^, 
distant,  and  usually  sharp  teeth  ;  smooth  above,  minutely  downy  below,  but  less  so 
in  old  leaves;  young  shoots  and  short  leaf-stems  velvety.  Acorns  sessile,  or  on  very 
short  stems,  solitary  or  two  to  three  together,  ovate  or  oblong,  i  to  J,  sometimes  1 
inch  long;  cnps  hemispherical,  with  tuberculate  scales. 

70. — White  Oak.    [Quercus  grisea,  Liebmanu.) 

A  tree  40  to  GO  feet  in  height  and  1  to  IJ  feet  in  diameter,  or  a  low 
shrub,  ranging  through  the  mountains  of  southern  Colorado,  southern 
New  Mexico,  at  elevations  between  5,000  and  10,000  feet  (westward 
through  southern  Arizona  to  Colorado  River,  southern  California,  and 
southward  through  northern  Mexico).  Rather  rare  in  parts  of  its 
range.  The  wood  is  exceedingly  heavy,  hard,  and  strong,  but  the  Isirge- 
sized  trees  are  too  often  hollow  and  almost  useless  for  timber. 

Description. — A  variable  species  presenting  many  forms,  tlio  iiosition  of  which  is 
dilTicult  to  determine;  approximations  to  closely  allied  species  arc  especially  fre- 
quent in  the  shape  and  character  of  the  leaves.  Leaves  J  to  2^  inches  long,  and  ^ 
to  1  inch  wide,  ovate,  oblong,  or  narrowly  elliptical  in  outline,  rounded  or  somewhat 
heait-shaped  at  the  base,  pointed  or  rounded  at  the  apex  ;  margin  entire,  undulate, 
toothed  to  that  with  sharp  or  prickle-pointed  teeth  (var.  punyens,  Engelm.);  young 
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shoots  and  short  louf-stoms  downy,  as  is  also  the  under  siirfarn  of  (he  leaves;  mostly 
smooth  ahove.  Acorns  sessile,  or  on  sliort  st«njs,  ohloii<^,  J  to  1  inch  hnifT,  and  nearly 
A  an  inch  in  diameter;  cnps  honiisphiirical,  i  inch  broad;  scales tuUercnlati*. 

71.— Black  Oak.    "Mountain  Oak."    {Quercus  Einor}fi,Tovrey.) 

A  tree  40  to  50  feet  in  lieiglit  aud  1  to  3  feet  in  diameter,  or  a  shrwb 
at  the  eastern  limit  of  its  range;  it  oecnrs  abundantly  tliron{j:h  the 
monntaiu  ran<jes  of  southern  N"ew  Mexico  (eastern  and  southe4*n  Ari- 
zona, and  western  Texas)  at  elevations  between  5,000  and  7,000  Ci'et; 
rarely  if  ever  found  on  hills  or  far  from  streams,  preferring  the  fine 
gravelly  or  sandy  soil  of  opcMi  canyons.  The  wood  is  very  heavy  and 
brittle,  of  a  poor  quality,  ajid  little  esteemed,  except  for  fuel,  the  large 
trees  often  becoming  hollow  or  otherwise  defective. 

Description. — Leaves  thick,  f  to  2^  inches  long,  i  to  IJ  inches  wide,  orafce,  ob- 
long-ovato,  often  approaching  balberd-shape,  with  an  acute  point,  and  chiefly  (some- 
times rounded  or  with  strongly)  heart-shaped  base;  margin  entire,  but  mostly  wavy, 
with  distant,  shallow  o^jathcr  large  prickle-pointed  teeth;  mature  leaves  usnally 
dark  glossy  green  both  sfdes;  when  young  minutely  downy,  as  are  the  young  shoots 
and  short  leaf-stems,  but  the  latter  more  densely  so.  Acorns  mostly  sessile — some- 
times with  short  stem— ovate,  with  a  rather  sharp  and  prolonged  point,  i  to  |  of  an 
inch  long,  and  ^  of  an  inch  in  diameter;  cup  hemispherical,  i  inch  broad,  with  close, 
smooth  scales.     Acorns  abuadant,  sweet,  edible.     A  tree  with  a  scraggy  appearance. 

72. — {Quercus  hypoleucs,  Engelmauu.) 

A  small  but  very  handsome  tree  with  evergreen  foliage,  found  in  the 
high  mountain  ranges  of  southwestern  New  Mexico,  Santa  Rita  Mount- 
ains, southeastern  Arizona  (southward  into  Sonora,  aud  in  the  Limpia 
Mountains  of  Texas),  at  elevations  above  6,000  feet,  usually  preferring 
rocky  or  gravelly  sites  in  deep  canyons  and  valleys.  Commonly  15  to 
20,  occasionally  50,  feet  in  height,  with  a  diameter  o<f  2  feet;  the 
trunks  usually  large  for  the  height.  The  wood  is  heavy,  very  hard,  and 
strong,  but  large-sized  trees  are  often  defective.  In  localities  where  it 
c;in  be  grown  it  would  be  a  popular  ornamental  tree. 

De<cnj>tion. — Leaves  thick,  commonly  2  to  3i  inches  long  and  f  to  1  inck  wide, 
lancc-sliaped,  with  rounded,  slightly  heart-shaped  or  acute  base,  the  upper  end  usually 
tapering  to  a  long  thin  point;  margin  rolled doiCM,  entir«,  or  wary,  with  few  indistinct 
or  shallow  teeth — sometimes  sharply  toothed;  young  leaves  downy  above,  always 
densely  woolly  below,  but  with  age  becoming  smooth  and  dark  green  above;  stems 
downy.  Acorns  usually  ses.silc  or  sometimes  with  short  stems,  ovate,  i  to  J  of  an 
inch  long;  cups  hemispherical,  with  chin,  downy  scales.  Trunk  and  branches  geH«>c- 
ally  gnarled  and  twisted. 

73. — Canoe  Birch.  White  BiEcn.  Paper  Birch.  {Betula  papyri/era  * 

Marshall.) 

A  rather  large  tree,  growing  chietly  in  rich  woodlands  and  along  waler- 
courses,  and  extending  farther  north  than  any  other  American  decidu- 
ous tree.  It  has  a  limited  range  in  the  Rocky  Mount.ain.<«  rugiun,  being 
•  Sec  Dwarf  IJirch  iu  list  of  shrubs,  page  196. 
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found  only  in  the  Mullen  Trail  of  the  Bitter  Root  Moiintiiins  and  in  the 
region  of  Flathead  Lake,  Montana  (eastward  it  ran<?es  throufjli  the 
northern  tier  of  States  to  the  Atlantic  coast,  and  far  north  of  the  United 
States  boundary  from  the  Atlantic  to  the  Pacific).  Sixty  feet  or  more 
in  height,  with  a  trunk  2  to  3  feet  in  diameter.  The  wood  is  very  close- 
grained,  hard,  and  strong,  being  employed  quite  extensively  in  turnery, 
in  the  manufacture  of  paper-pulp,  and  for  fuel.  The  tough  durable  bark 
separates  readily  into  layers,  and  is  often  used  for  making  canoes,  etc. 

Description. — Leaves,  ovate  to  broadly  ovate,  2  to  3J  inches  long,  li  to  2J  incliCK 
inches  wide,  with  a  ratiier  long,  narrow  jioint,  mostly  abrii])t  or  hoart-shaped  at  the 
base  (sometimes  slightly  wedge-shaped),  stiiooth  and  dark  green  above,  paler  and 
with  few  hairs  on  the  veins  below.  Seed  small,  ^\'ilh  two  thin  wings,  borne  in  a 
cylindrical  scaly  catkin  1  to  H  inches  long.  Yonng  brauohlets  often  with  nnmerons 
dots.     13ark  of  the  trunk  chalky-white. 

74. — Black  Btrcii.    "  Western  Pogue-Birch."    ( Betida  occidentalism 

Hooker.)  ^Ht, 

Usually  a  small  tree,  20  to  30  (exceptionally  GO)  feet  in  height  and  I 
to  1  foot  in  diameter,  growing  abundantly  in  moist  soil  of  mountain 
canyons  and  along  streams  in  the  Rocky  Mountains  from  northern  New 
Mexico  to  Montana  (also  on  the  Pacific  coast  from  the  Sierra  Neva- 
das  of  central  California  to  Washington  Territory  and  north  of  the 
boundary).  It  often  forms  dense  thickets,  a  number  of  stems  growing- 
close  together,  and  producing  a  useful  local  supply  of  straight  timber 
for  fencing,  as  well  as  for  fuel.  The  wood  is  rather  soft,  but  strong. 
The  bark  separates  readily  into  layers,  and  is  sometimes  used  for  canoes. 

Description. — Leaves  generally  quite  small  and  thin,  1  to  1^  inches  long  and  1  to 
IJ  inches  wide,  ovate-lance-shaped  to  broadly  ovate — sometimes  orbicular — with  an 
acute,  rounded,  abrupt,  or  wedge-shaped  base,  and  with  a  short  or  sometimes  rather 
long  point;  margin  cut  (occasionally  lobed)  with  glandular-pointed  tooth;  mostly 
smooth,  or  with  few  close  hairs  below  ;  young  leaves  hairy  ;  leaf  stems  slender,  ^  inch 
long.  Fertile  catkins  oblong  or  cylindrical,  ^  to  1  inch  long,  with  hairy  three-pointed 
scales  (bracts);  seeds  with  thin  broad  wing  on  two  sides.  Branches  thickly  dotted 
with  resinous  spots,  especially  on  the  recent  wood,  liark  close,  dark  to  light  brown  ; 
when  newly  parted,  pale  copper-yellow. 

ALDERS. 

75.—^  White  Alder."    "  California  Alder."    {Alnus  rJiomhifoUa, 

Nuttall.) 

A  small  tree,  seldom  more  than  30  feet  in  height  and  1  foot  in  diame- 
ter, or  reduced  to  a  shfub.  It  is  found  in  northern  Idaho  and  along 
the  valley  of  the  Flathead  River,  northwestern  Montana,  growing  mostly 
on  the  banks  of  .streams  (westwitrd  it  ranges  along  the  Pacific  coast 
from  southern  California  to  British  Columbia).  The  wood  is  light,  soft, 
and  brittle. 
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Description. — Leaves  1^  to  '^  iiicbes  loiij;;,  ovate  (sometimes  broader  above),  or 
oliloiig-ovate,  blunt  or  with  sharp  point,  wedjje-shapcd  at  the  base;  marcin  with 
small  tcotli  of  two  sizes ;  smooth  (or  nearly  so)  above,  more  or  less  downy  on  the 
under  surface.  Catkins  bearing  the  seed  (nntlets)  oblong,  i  to  j  ineh  long;  seeds 
small  ( /.>  of  an  inch  long),  ovate,  very  broad  at  upper  cud,  and  with  a  wing-like, 
thickened  margin. 

70. — Almis  oblongifoUa,  Torrey. 

One  of  tlie  largest  decidaoits  trees  of  the  soutbern  Rocky  Mountain 
region,  growing  abundantly  on  nearly  all  tbe  mountain  streams  and 
very  close  to  the  water.  It  occurs  in  the  ranges  of  southern  Arizona, 
extending  to  New  Mexico  as  far  as  the  Rio  Grande  (southward  into 
Mexico,  and  also  in  ranges  of  southern  California).  Forty  to  (10  feet, 
with  a  trunk  from  2  to  3  feet  in  diameter.  The  wood  is  light,  soft,  and 
brittle,  decaying  rapidly,  and  of  little  value  except  for  fuel. 

Description. — Leaves  commonly  li  to  3^  inches  h)ng,  and  I  to  2  inches  wide  (excex>- 
tionally  4  to  6  inches  long),  lance-  to  oblong-lanee-shaped  (sometimes  ovate),  apex 
acute  or  with  a  long  narrow  point ;  base  wedge-shaned  ;  margin  (ofteiT  rather  coarsely) 
cat  with  glandular  teeth  of  two  sizes  ;  slightly  hairy  below,  especially  on  the  veins, 
smooth  above;  leaf-stems  J  to  ^  inch  long.  Fertile  catkins  ovate-oblong,  i  tof  inch 
long ;  seeds  (nutlets)  ovate— very  broad  above,  about  -^  of  an  inch  long,  with  a  nar- 
row wing-like  margin.     A  handsome  tree. 

77. — Speckled  Alder.     IIoary  Alder.     Black  Alder.    [Almis 

incana,  Willdenow.) 

A  shrub  or  small  tree,  15  to  20  feet  in  height,  with  a  slender  trunk? 
seldom  more  than  3  to  6  inches  in  diameter.  It  occurs  along  water- 
courses and  on  the  borders  of  swamps  in  the  Rocky  Mountain  region, 
ranging  from  Colorado  to  Montana  and  northward  (extending  eastward 
to  the  Atlantic;  also  in  Europe.  A  well-marked  variety  of  this  species 
{virescens,  Watson)  is  found  in  the  mountain  ranges  of  the  Pacific  coast 
from  southern  California  to  British  Columbia  and  northward).  The 
wood  is  light  and  soft,  and  is  used  quite  extensively  for  fuel  in  brick- 
making. 

Description.— ItesLVCB  2  to  4  (exceptionally  5)  inches  long,  and  1}  to  3J  inches  wide, 
oval  to  broadly  ovate,  with  rounded  or  heart-shaped  base  and  more  or  less  pointed 
i»  apex;  margin  finely  toothed,  or  with  coarse  teeth,  which  are  themselves  cut  with 
sm.iUer  teeth ;  young  leaves  velvety  on  both  sides,  but  with  age  becoming  pale,  and 
retaining  the  pubescence  only.(or  chietly)  on  the  under  surface  (variety  riiescena  has 
leaves  smooth  on  both  sides)  ;  leaf-stems  and  recent  shoot  rnsty  downy.  Fertile  cat- 
liins  ovate,  J  to  |  inch  long;  fruit  Hat,  orbicular,  with  thin  margin  mostly  on  two 
iiles.     Bark  of  brancea  reddish  or  grayish  brown,  with  numcrons  light-colored  dots. 

SALICINEiE  :  WILLOW  FAMILY.* 

78. — Saliv  amygdaloides,  Anderson. 

A  small  tree,  found  throughout  the  Rocky  Mountain  region  on  the 
banks  of  streams  (also  eastward  through  the  northern  United  States); 

'Sec  Willows,  in  list  of  shrubs,  page  19G. 
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10  to  30  feet  high  and  C  to  10  inches  in  diameter.    The  timber  is  soft, 
light,  and  weaU. 

Desci-iplion. — Leaves  lance-ovate,  y  to  4  inches  long,  ^  to  1  inch  broad,  uuirj;iii 
finely  and  sharply  toothed ;  pale  or  whitish  biMieath;  footstalks  (petioles)  without 
glands. 

79. — Salix  losiandra,  Benth.am. 

An  important  willow  for  commercial  purposes,  several  well-marked 
varieties  of  which  having  proved  quite  satisfactory  osiers.  Abundant 
on  banks  of  streams  in  Rocky  Mountains  of  Colorado  and  northern 
New  Mexico  (on  the  PaciBc  coast  from  central  California  to  and  north 
United  States  boundary).  Generally  more  common  and  much  larger 
tree  than  the  preceding,  although  the  wood  is  not  materially  difl'erent; 
in  favorable  localities  it  reaches  a  height  of  from  25  to  60  feet,  with  a 
diameter  of  1^  feet  or  inore. 

DcscripliaiK — Leaves  1  to  sometimes  G^  inches  long,  lanceolate,  wilh  long  thin 
point,  finely  and  sharply  toothed  on  the  margin  ;  smooth  above,  pale  or  whitish 
on  the  nnder  surface  ;  footstalks  glandular  at  the  upper  end.  The  old  bark  is  rather 
strongly  furrowed,  and  is  of  a  grayish  or  brownish  color;  the  young  branches  are 
glossy  yellow,  and  in  habit  not  unlike  the  Weeping  Willow. 

80. — Sand-bar  Willoav.    {Salix  longifoUa,  Muhlenberg.) 

A  small  but  widely  distributed  species,  occurring  throughout  the 
Rocky  Mountain  region  (also  in  eastern  United  States  and  in  the  Pa- 
cific States).  It  is  commonly  found  growing  on  the  moist  banks  of 
streams  and  on  sand-bars,  in  some  cases  forming  thick  growths.  In 
the  central  Pacific  coast  region  it  is  said  to  attain  its  greatest  dcvelop- 
n)ent,  but  it  is  a  small  tree,  rarely  more  than  25  to  30  feet  high  and  i  to 
1  foot  in  diameter.    The  wood  is  light  and  soft. 

Description. — Leaves  3  to  4  inches  long,  -jK^-  to  |  (commonly  J  to  \)  of  an  itich  wid<', 
linear  to  lance-shaped,  long-pointed,  tapering  .it  the  base,  sessile  or  with  short  stems; 
margin  entire,  or  with  very  small  sojnewhat  distant  teeth. — Two  or  three  varieties 
of  this  species  occur,  which  diifer  from  the  type  chiefly  in  the  form  of  the  leaves  and 
pubescence. 

81. — ( Salix  flavescens,  Nuttall .) 

A  tree  of  20  to  25  feet  in  height  and  G  inclies  to  1  foot  in  diameter, 
found  on  the  banks  of  streams  in  the  mountains  from  New  Mexico  to 
Montana  and  Idaho  (also  occurring  in  central  Pacific  coast  region.)  It 
reaches  its  largest  size  in  the  southern  Rocky  Mountain  region.  The 
wood  is  light  and  lacking  in  strength;  a  variety  of  this  species,  called 
the  Black  Willow,  and  confined  to  the  Pacific  coast,  has  tough,  strong- 
wood. 

Description. — Leaves  2  to  3  inches  long,  1  to  H  inches  wide,  orate  or  lance-shaped, 
tapering  at  the  base;  with  age  becoming  smooth  and  a,  dull  green  above,  below 
whitish  or  with  yellowish-brown  pubescence. 
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POPLARS. 

83._QuAKiNG    Aspen   or    Asp.      American   Aspen.      {Populun 
tremuloides,  Micbaux.) 

One  of  the  most  widely'  distributed  of  our  forest  trees,  but  of  little 
viilue  as  a  timber  tree,  yet  of  considerable  importance  for  quickly  cov- 
ering mountain  and  hillsides  denuded  by  flres,  thus  furnishing  the  neces- 
sary conditions  for  tlie  growth  of  other  longer-lived  and  better  timber. 
Twenty-five  to  51)  feet  in  height,  and  1.^  feet  or  more  in  diameter.  It  is 
found  abundantly  tliroughout  the  Rocky  Mountain  region  (northern 
United  States,  north  of  boundary,  iii  south  central  and  Pacific  coast 
region,)  at  elevations  betweeu  C,000  and  10,000  feet.  The  wood  is  soft, 
light,  weak,  and  little  used  except  for  light  fuel  and  in  the  manufacture 
of  paper  pulp;  the  poles  occasionally  for  fencing. 

Description. — Leaves  1  to  3  inclies  loug,  I'oululecl-ovate,  shoit-cpiiited,  Bomewhat 
wedge  or  heart-shaped  at  the  base;  smooth  on  both  sides,  margin  with  fine  teeth; 
footstallis  slender  and  flattened  at  right  angles  to  the  plane  of  the  leaf.  The  bark  is 
chiefly  smooth  and  of  a  grayish-white  color. 

83.— Balsam  Poplar.    Balm  of  Gilead,     Tacamahac.    {Populus 

balsami/era,  Linu.) 

A  large  tree  occurring  in  the  Rocky  Mountains  of  Montana  and  Idaho 
(it  also  extends  eastward  through  the  Northern  States  and  north  of  the 
Uuited  States  boundary).  It  generally  prefers  and  thrives  best  in  moist 
situations  along  water- courses,  often  attaining  a  height  of  CO  to  80 
feet,  with  a  diameter  of  3  to  C  feet.  The  wood  is  quite  similar  to  that 
of  the  Big  Cottonwood  {Populus  monilifera,  Ait.),  and  a  good  substitute 
for  it  in  more  northern  localities. 

Description.— heaves  ovate,  gradually  tapering  to  a  point,  finely  toothed  on  the 
margin,  smooth  .above,  whitish  below.  Br.anches  round ;  large  buds,  coated  with 
resinous  gnm,  which  is  sometimes  used  in  officinal  preparations. 

Variety  candicans,  Gray,  of  this  species  is  found  in  Colorado,  north- 
ward, and  eastward,  but  is  quite  unknown  in  the  wild  state,  being 
chiefly,  if  not  entirely,  introduced  in  the  above  range;  very  common. 
The  wood  is  considerably  heavier  than  that  of  the  type. 

Description. — Leaves  usually  larger,  heart  shaped,  densely  white  hemalh,  anil  with 
hairy  footstalks. 

84.— Black    Cottonwood.     "Bitter    Cottonwood."      {Populun 

angustifoUa,  James.) 

Rather  abundant  throughout  the  Rocky  Mountain  region  (also  in 
southwestern  Dakota  and  eastern  Arizona);  less  common  in  southern 
part  of  its  range,  but  one  of  the  lea^st  valuable  deciduous  trees  of  the 
region.  It  grows  in  damp  situations,  along  the  borders  of  mountain 
streams,  at  elevations  between  0,000  and  10,000  feet.     A  considerably 
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smaller  tree  than  the  better  known  liijjj  Cottonwood,  seldom  rercchinfja 
height  of  more  than  30  or  50  feet,  and  1^  feet  in  diameter.  The  timber 
is  very  light  and  soft. 

Dcsciiplion. — Leaves  smooth  both  sidea,  chiefly  ovate -hincc-shapcd  (Bometiines  nar- 
rowly hince-shaped),  with  a  long  taperin};  point,  mostly  rounded  at  the  base,  or  some- 
times tapering  slightly  at  the' base;  margin  with  small  rounded  teeth.  Branches 
round,  with  smooth  bark. 

85.— Cottonwood.    Carolina  Poplar.    Big  Cottonwood.   Neck- 
lace Poplar.    {Populits  monilifera^  Aiton.) 

The  common  cottoawood  along  the  eastern  base  of  the  Rocky  Monn. 
tains  (and  eastward  to  the  Atlantic  Coast).  It  is  abundant  on  all  the 
water-courses,  and  valuable  chiefly  for  the  rapidity  of  its  growth.  The 
timber  is  of  little  commercial  importance,  yet  it  is  considerably  used 
for  cheap  lumber,  light  fuel,  and  in  the  manufacture  of  paper-pulp; 
unless  well  protected,  it  decays- rapidly  when  exposed  to  the  weather. 
In  western  towns  this  tree  is  largely  employed  as  a  shade  tree,  as  it 
reaches  a  desirable  size  in  a  comparatively  short  time,  and  is  therefore 
often  preferred  to  other  trees.  It  grows  to  a  height  of  over  100  feet, 
and  4  to  G  feet  in  diameter. 

Description. — Leaves  broadly  triangle-shaped,  somewhat  heart-shaped  or  truncated 
atthebase,  long-pointed.;  margin  with  blunt  incurved,  hairy  teeth.  Young  branches 
angled,  but  becoming  round  with  age. 

8G.— Cottonwood.    White  Cottonwood.    (Populus  Fremontii,  Wat 
son,  var.  Wislizeni,  Watson.) 

This  species  is  found  in  southern  Colorado,  through  New  Mexico 
(western  Texas,  Arizona,  southern  California),  and  is  the  prevailing  Cot- 
tonwood of  the  arid  localities;  rather  abundant  along  streams  in  open 
country,  but  quite  rare  on  precipitous  sites.  It  is  a  large  tree,  com. 
monly  attaining  a  height  of  50  to  SO  feet,  with  a  diameter  of  3  to  4  feet. 
The  wood  is  soft  and  light,  but  supplies  the  ordinary  fuel  of  the  region. 

Description. — Leaves  broadly  triangle-shaped,  sharp-pointed,  souu^what  wedge- 
shaped  or  truncate,  and  with  more  or  less  broad  shallow  sinuses  at  the  base;  margin 
with  a  few  distant,  blunt  (occasionally  incurved)  teeth.  Young  bark  yellowish,  but 
becoming  gray  with  age. 

LILIACEiE:  LILY  FAMILY. 

[Tlio  plants  bt'lonping  to  thia  family  nro  t-ormed  endopntious  or  inside  prowors,  tlie  womly  atoms 
being  inailo  up  of  si  iiiiuf;l*^<l  mass  of  flbois,  and  not  marked  by  annual  rln^s  as  in  tbo  pine.s,  raaples, 
tlms,  etc. — exogenous  or  outside  growers.] 

87.— Spanish  Bayonet.   {Yucca  data,  Engelmanu.) 

A  small  tree,  with  a  trunk  usually  not  more  than  10  to  15  feet  in 
height  and  4  to  7  inches  in  diameter.  It  is  commonly  met  with  in  the 
dry  gravelly  soil  of  table-lands,  ranging  through  western  Texas,  Ari- 
zona  to  Utah  (probably  in  New  Mexico),  and  southward  into  Mexico  j 
wood  light,  soft,  and  brittle. 
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DeacriptiuH. — Leaves  1  to  2  feet  long,  very  narrow,  |  of  au  iuch  or'lesH  wi«le,  thick, 
utift",  teriuiuatiiijj;  in  a  needle  point;  inarjjiu  with  a  narrow  white  bonier  au«l  more 
or  less  with  thread  like  lihunenta;  base  of  the  leaves  nincli  expanded,  usually  smooth. 
Flowers  white,  1  to  2  inches  long;  fruit,  a  woody,  oblong-ovate  or  cylindrical  eapsule 
1|  to  2J  inches  long  ani\  li  inches  in  diameter,  obtuse  at  the  base  and  beaked  at  the 
top;  seeds  rather  large,  thin,  amXflat,  ?  to  i  inch  wide. 

88. — Spanish  BA.YONET.   Mexican  Banana.   {Yucca  bacatta,  Tovrey.) 

Sometimes  a  tree  20  to  30  feet  in  height,  with  a  trunk  1  foot  or  more 
in  diameter,  or  at  the  northern  limit  of  its  range  a  stemless  phiut,  bear- 
ing only  a  tuft  of  leaves.  It  occurs  through  New  Mexico  to  southern 
Colorado  (westward  into  southern  California,  southward  into  northern 
Mexico,  and  also  in  western  Texas),  in  the  latter  range  often  forming 
quite  extensive  forests  on  the  plains.  The  wood  is  of  little  economic 
value.  The  fiber  of  the  leaves  is  strong,  and  when  properly  prepared 
by  maceration  is  soft  and  pliable,  furnishing  au  excellent  material  for 
making  ropes,  for  which  it  is  considerably  employed,  as  well  as  by  the 
Indians  in  making  horse  blankets  and  mats.  Fruit  sweetish,  edible, 
and  locally  an  important  article  of  food. 

Description. — The  trunk  is  more  or  less  set  with  dead  leaves,  which  are  broken  down 
at  the  base.  The  mature  loaves  are  thick,  stiff,  lanced-shaped,  and  from  1  to  nearly 
:5  feet  long,  with  a  width  of  IJ  to  2  inches,  broad  at  the  base,  narrowing,  broadening 
again  midway,  and  terminating  in  a  long  keen  spine-point;  margined  with  rather 
roarsc  threads,  curved  backward,  usually  rough  or  sometimes  smooth,  and  coucavo 
ibove.  The  flowers  are  large  and  showy,  2  to  3  inches  long;  fruit  hanging  down,  2 
to  4  (sometimes  5)  inches  long,  ovate,  oblong  or  cylindrical,  usually  with  a  beak; 
l)urple  ;  seeds  blackish,  ^  to  f  inch  broad,  triangular,  flattened  on  two  sides. 
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The  following  species,  omitted  in  the  first  edition,  should  be  added 
as  occurring  in  the  Rocky  Mountain  region  proper : 

oa. — Pinus  inonophylla,  Torr.  and  Fremont. 

A  small  tree  15  to  20  feet  high,  found  on  dry  slopes  and  mesas  near 
Utah  Lake,  Utah  (also  in  California  and  Arizona).  Easily  recognized 
by  its  single  needles.  Wood  soft  and  weak;  used  for  fuel.  Edible 
seeds,  used  by  the  Indians. 

25a. — Juniperus  Calif ornica.,  Carr.,  var.  Utahensis,  Engelm. 

A  small  tree  of  20  to  30  feet  in  height,  with  a  diameter  of  2  to  3  feet, 
often  only  a  shrub.    The  common  Juniper  of  central  and  southern  Utah 
md  Nevada,  along  the  lower  slopes  and  the  western  base  of  the  Wah- 
satch  Mountains  (also  in  California  and  Arizona).     Wood  like  No.  25. 
28a. — Ptelea  trifoliataj  L. 

(From  the  East  to  Mimbrqs  Kiver,  N.  Mexico.) 
2Sb. — EuomjmuH  atropurjyureus,  Jacq. 

(Fort  Union,  Mont.) 
4 1  a. — Acacia  m iUefolium. 

Shrub  or  small  tree,  10  fctt  high,  Santa  llita  Mountains,  Arizona. 
Discovered  by  C.  G.  Pringle,  in  July,  18S-i,  on  f«jot  hills.' 


'See  Proc.  Am.  Acad.  Arts  and  Sci.,  Vol.  xx.i,  p.  427. 


SHRUBS  NOT  BECOMING  ARBORESCENT. 


As  far  as  known,  the  following  list  of  shrubs  comprises  those  that 
rarely,  if  ever,  become  arborescent ;  aiul  the  chief  object  iu  introducing 
them  here  is  to  complete,  as  far  as  possible,  a  full  enumeration  of  the 
woody  plants  of  the  region.  Plants  woody  only  at  the  base  have  been 
mostly  excluded.  The  annotations  added  may  in  some  cases  assist  tlic 
reader  in  recognizing  the  species. 

Bekberidace^  :  Barierries. 

Berbeius  repens,  Linill.     One  foot  or  less  iu  height :  found  throughout  the  Kocky 

Mountains,  also  on  the  Pacific  coast ;  wood  yellow. 
Berberis  Fendleri,  Gray.    Three  to  6  feet:  southern  Colorado  aud  southwaul 

( westward  to  southern  California).  * " 

ZYGOPHYLLACE.E. 

Creosote-bush,  Larrea  Mexicana,  Moric.  Four  to  10  feet:  southern  Colorado  (to 
California;  also  iu  Texas) :  strong-scented;  foliage  evcJ'j^J'eeK,  dense;  flowers 
yellow ;  fruit  heaked. 

CELASTRACEiE :  Staff-tree  Family. 

Pachystima  Myrsinites,  Raf.  Low ;  Eocky  Mountain  region  (northward  aud  west- 
ward) ;  foliage  evergreen,  forming  dense  clumps  on  timhered  slopes. 

RHAMNACEiE:  Buckthorn  Family.* 
BUCKTIIORXS: 

lihammts  alnifolia,  L'Her.  Two  to  4  loet :  Wyoming  (westward  and  eastward). 
Fruit  black,  berry-like ;  2  to  4  seeds  {nutlets). 

Ehamnus  Californica,  Esch.  Southwestern  Colorado  aud  New  Mexico  (to  Cali- 
fornia aud  northward  to  the  valley  of  the  upper  Sacramento  River).  As 
it  occurs  in  the  Rocky  Mountain  region  it  is  a  low,  spreading  shrub  (with 
joung  branches  and  under  surface  of  the  leaves  white-woolly),  but  iu  Cali- 
fornia becoming  a  small  tree  20  to  30  feet  high:  foliage  evergreen  ;  fruit 
black-purple,  with  scanty  llcsh  and  2  to  J5  seeds.  (Introduced  among  the 
shrubs,  because  the  Rocky  Mountain  form  is  never  arborescent.'* 
New  Jersey  Tea  : 

Ccanothtts  velutinus,  Dougl.  Two  to  3  feet:  Colorado,  Utah  (and  northwest- 
ward): leaves  thick,  entire,  resinous  above;  often  velvety  below.  Var. 
Iwvigatus,  (Torr.  &  Gray)  with  leaves  mostly  smooth  below,  is  commoner 
than  the  species. 

Ceanothus  ovatus,  Desf.  Two  to  3  feet:  Colorado  and  Wyoming:  leaves  with 
small  glandular  teeth. 

*  See  arborescent  Bi)ecie8,  page  168. 
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New  Jkksey  Tea— Continued. 

Ceanothua  aatifjuineus,  Pursli.     Four  to  12  feet :  on  tributaries  of  Missouri  River 

in  Rocky  Mountniu  region:  h-anchcs  reddinh. 
Ceanothua  Fendleri,  Gray.      One  to  2  feet :  New  Mexico  to  Colorado :  branches 

grayisb,  spiny;  leaves  small,  white-silky  below. 

ViTACEiE :  Vine  Family. 

Wild  Grape.  Vitia  ripana,  Michx.  Colorado  (abundant  in  Atlantic  region) :  leaves 
with  3  long-pointed  lobes ;   fruit  more  or  loss  with  bloom. 

ViRGiviA  Creeper.  Jmpelopsis  quinquefolia,  Michx.  Colorado  (and  throughout  east 
em  United  States):  fruit  blackish  ;  5  leatlets,  crimson  in  fall.  "American 
Ivy.     "Woodbine." 

Anacardiace^  :  Cashciv  Family. 

Smooth  Sumach.  Rhus  glabra,  L.  Three  to  12  feet:  Colorado,  Utah,  Idaho  (east- 
ward to  the  Atlantic):  fruit  in  dense  mass  (thyrse)',  crimson,  hairy. 

I'oisoN  Ivy.  Poison  Oak.  Bhua  Toxicodendron,  L.  Climbing:  Colorado,  Wyo- 
ming, Utah  (eastward  to  Atlantic):  3  leatlets;  fruit  whitish;  poisonous 
to  the  touch. 

Rhus  aromatica,  Ait.,  var.  trilohala,  Gray.  Two  to  5  feet :  abundant  in  Rock  Mount- 
ain region  (and  westward):  3  leaflets;  strong-scented. 

RosACEi£:    Boae  Family. 

Meadow  Sweet.  Spircea  betulifolia,  Pallas.  One  to  2  feet :  head-waters  of  Misssouri 
River  in  Rocky  Mountain  region  (westward  to  northern  California  and 
northward  beyond  the  United  States  boundary;  eastward  to  Alleghanies): 
flowers  purplish;  bark  reddish.  Var.  roaea  (Gray),  has  rose-colored  flowers : 
Wyoming,  Idaho  (to  Oregon  and  California). 

Nine  Bark.  Phyaocarpus  opnlifolia,  Maxim.  Three  to  10  feet:  throughout  the 
United  States:  flowers  white,  in  flat  clusters;  bark  grayish,  loose,  parting 
in  layers. 

I'UYSOCARPUS  Torreyi,  Maxim.  Lower  and  with  leaves  smaller  than  in  the  pre- 
ceding :  Colorado  to  Nevada,  'n  the  mountains. 

CiiAM.EBATiAiUA  MILLEFOLIUM,  Maxim.  Westcm  Wyoming  to  California:  llowers 
large,  white ;  stout,  much  branched,  glandular-hairy. 

IIOLODiscus  DISCOLOR,  Maxiui.  Four  feet  or  more :  New  Mexico,  Colorado  (and 
westward  to  Pacific),  flowers  white;  hairy,  spreading,  and  with  gray- 
brown  bark.  Var.  dumosa  (Maxim.),  1  to  3  feet,  with  smaller  leaves  and 
less  spreading. 

Salmon  Berry.  liubus  Kutkanus,  Mo^ino.  Three  to  8  feet:  Colorado  to  Montana 
(westward  to  the  Pacific;  eastward  to  northern  Michigan):  glandular- 
hairy;  flowers  large,  white;  fruit  large,  red, i)leasaut. 

RuBus  DKLiciosus,  James.  Three  to  4  feet:  Colorado:  flowers  very  large,  white; 
fruit  large,  puride^  not  agreeable. 

Wild  Red  Raspuerry.  Ilubua  atrigoaus,  Michx.  Two  to  3  feet:  New  Mexico  to 
Montana  (in  Nevada;  eastward  through  northernhalf  of  the  United  States) 
fruit  red,  pleasant;  stitf-bristly ;  wood  dying  down  every  two  years. 

Black  Ra-sprerry .  Thimble  Berry.  liubua  occideiitalia,L.  Three  to  8  feet :  New 
Mexico  to  Wyoming  (westward  to  the  coast;  eastward  to  Missouri,  thence 
throughout  Eastern  States):  stems  with  keen,  hooked  prickles ;  fruit  black- 
ish, pleasant. 
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PUUSHIA  TniOKNTATA,  DC.  Two  to  5  (exceptionally'  H")  luct :  Kocky  Moiintaiii 
region  (and  from  Arixuiia  to  Southern  ralilot-nia):  spreadin'r,  ninch- 
brancbiul,  with  gray  or  brown  bark;  ^onng  brancheH  hairy;  leavwssmai/, 
crowded,  wedye-shape«l,  ;{-  to  niobid,  white-woolly  below;  npper  Kiirfiico 
of  leaves  with  sticky  (jlaiids;  with  pm  gent,  balsamic  odor;  fruit  velveky. 

CoLEOGYN'K  KAMOSissiiMA,  Torr.  Southern  Colorado  (to  Nevada  and  Arizona); 
spiny,  spreading,  uuieh-branched,  bark  grayish  ;  leaves  leathery  and  witli 
delicate  hairs;  flowers  yellow,  conspicuous. 

Cuff  Rose.  Cowania  Mcxicana,  Don.  One  to  G  feet:  New  Mexico  to  Southern 
polorado  (also  in  northern  Mexico  and  northern  Utah):  luuch-brauched ; 
bark  whitish,  stringy;  flowers  yellow;  seed  (akene)  with  tail  2  inches 
long. 

Early  Wild  Rose.  Rosa  blauda,  Ait.  One  to  3  feet :  Eastern  Montana  (and  east- 
ward through  northern  half  of  United  States):  with  few  delicate  (or no) 
prickles;  flowers  pale  rose-color. 

R'JSA  Sayi,  Schweiu.  One  to  2  feet:  conniion  from  Colorado  to  Montana  (eastward 
to  northern  Wisconsin) :  thickly  set  with  prickles;  flowers  solitary. 

Rosa  Akkansana,  Porter.  One  to  C  feet:  New  Mexico  to  Montana  (eastward  to 
the  Upper  Mississippi) :  usually  with  closely-set  prickles  ;  flowers  clustered. 

Rosa  Nutkana,  Fresl.  Oue  to  4  feet:  northern  Utah  to  Montana  (westward  to  Ore- 
gon and  northward) :  thick  stCQis  with  strong,  straight  to  curve  prickles ; 
flowers  single,  2  to  3  inches  broad. 

Rosa  Fendleki,  Crepin.  Four  to  8  feet :  New  Mexico  (western  Texas,  Sierras,  Cal- 
ifornia, and  northward  beyond  United  States  boundary):  with  delicate 
straight  or  curved  prickles;  flowers  small,  single  or  clustered. 

Rosa  WoODSii,  Lindl.  One-fourth  to  3  feet :  Colorado  (to  Missouri)  and  northward 
through  western  Montana  (and  north  of  the  United  States  boundary  to  the 
Saskatchewan),  plains  and  valley  :  with  delicate  or  curved  prickles;  flowers 
single  or  clustered,  1^  to  2  inches  broad. 

Rosa  gymnocarpa,  Nntt.  Three  to  10  feet:  northwestern  Montana  and  Idaho  (also 
on  the  Pacific  coast) :  prickles  straight,  delicate  ;  flowers  single  or /etc. 

June  Berry.  Service  Berry.  (Amelanchier  alnifoUa,  Nutt.)  Three  to  8  feet: 
New  Mexico  to  Montana  westward  to  California;  eastward  to  the  Missis- 
sipi)i):  smooth  or  woolly;  flowers  white,  in  cylindrical  clusters;  fruit 
ten-seeded,  purple,  edible. 

Peraphyllum  ramosissimum,  Nutt.  FourtoGfeet:  southwestern  Colorado  (Utah, 
California,  and  Oregon):  exceedingly  branched;  bark  gray;  flowers  sin- 
gle or  two  to  three  together ;  light  rose ;  fruit  globe-like,  edible. 

Saxifragace^  :    Saxifrage  Family. 

Mock  Oraxge,  Syringa.  Philadelphus  viicropht/lhis,  Gray.  Southern  Colorado  and 
southward:  flowers  single,  or  two  to  three  together;  white,  cont>i)icuons. 

Jamesia  Americana,  Torr.  &  Gray.  Two  to  3  feet:  New  Mexico,  Colorado  (and 
Utah) :  spreading,  slim-branched  shrub  ;  branchlets  hairy,  as  are  the  leaves 
below,  but  tvhitish;   flowers  in  loose  clusters. 

Fendlera  rupicola,  Eng.  &  Gray.  Southern  Colorado  and  southward  :  erect, 
smooth,  or  hairy ;  flowers  single,  or  two  to  three  together ;  white. 

Wild  Gooseueimuks: 

Eibea  Leplanthum,  Gray.  One  to  4  feet:  Colorado, New  Mexico  (and  in  Sierras, 
California):  branches  stiff ;  thorns  single  or  in  threes,  large;  flowers  yel- 
low, one  or  two  together;  fruit  smooth. 
Bibes  dircricatitm,  Dongl.,  var.  inifinum,  Gray.  Five  to  12  feet :  Colorado  to  Or- 
egon :  spreading  ;  thorns  single  or  in  threes ;  flowers  white,  on  2-  to  4-flo  ,v- 
ered  stems;  fruit  smooth,  dark  purple,  pleasant. 
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Wild  Gooseberries— Continued. 

Ribea  oxicantlioidcs,  L.  One  and  one-lialf  to  3  feet:  Colorado  to  Montana  (and 
north  of  the  United  States  boundary  ;  eastward  through  Northern  States 
to  the  Atlautic)  :  thorns  single  or  in  threes;  llowers  greenish  ;  fruit  pur- 
plish, small,  smooth,  pleasant ;  two  to  three  berries  ou  a  stem. 

Ribcs  roiundifoUum,  Michx.  Northeastern  Rocky  Mountaiu  region  (and  cast- 
ward  to  the  Atlautic):  fruit  smooth,  1  to  3  berries  on  a  stem. 

Eibes  Cynosbati,  L.  Two  to  3  feet :  sources  of  the  Platte  River,  Colorado,  Wy. 
oming  (and  eastward  through  the  Northern  States):  spiny;  fniit  large, 
burr-like,  with  ?on// prickles;  purple,  edible. 

liibes  lucustre,  Voir.  Rocky  Mountain  region  (and  westward  to  California; 
eastward  through  Northern  States  to  Labrador):  young  stems  densely 
prickly;  fruit  small,  glandular-bristly,  not  pleasant.  Variety  |)arr«Z«»», 
Gray,  is  smaller,  nearly  smooth,  and  commouer  westward  than  the  type. 
Swamps. 
Wild  Currants: 

Ilibes  prostraium,  L'Hcr.  Nearly  recumbent :  Colorado  to  Montana  (and  north- 
ward; also  iu  Atlantic  region):  fruit  light-red,  glandular-bristly  ;  gives  off 
disagreeable  odor  when  bruised,  hence,   "  Fetid  Cun-ant." 

liibes  Hudsonianum,  Richards.  Wyoming,  Montana  (and  northward  to  Hudson's 
B.iy) :  mneh  like  the  preceding,  bnt  with  white  flowers  and  darfc-rcd  smooth 
fruit. 

Ribes  cereum,  Dougl.  New  Mexico  to  (Washington  Territory)  Montana  (and 
D.ikota) :  niinutely  hairy  and  often  gluey ;  flowers  (calyx  tube)  xvaxy-uhite ; 
fruit  smooth,  reddish,  sweet.  Variety  pedicellare,  Gray,  has  longer  fruit- 
stems  tlian  the  type :  in  Montana. 

Ribes  riscoxissimum,  Pursh.  Idaho,  Montana  (and  California) :  hairy,  glandular, 
and  slicky ;  fruit  smooth,  black. 

Ribes  Jloridum,  L.  Two  to  3  feet :  southeastern  Colorado  (and  in  the  Great  Lake 
and  Atlautic  regions):  leaves  with  yellow  resin-dots;  frnit  black,  sweet- 
ish.   "  Wild  Black  Currant." 

Ribes  sanguineum,  Piirsh.  Two  to  12  feet  (Colorado  and  California) :  sorae- 
tiraes  white- woolly  and  glandular;  flowers  numerous,  drooping,  rose-rci; 
fruit  dark,  tough,  dry.  Variety  variegatum,  Watson,  small;  flower  clus- 
ters not  drooping,  white, 

Ribes  aureum,  Pursh.  Five  to  12  feet:  Colorado  and  northward  (westward  to 
the  Pacific  coast;  common  iu  cultivation  eastward) :  flowers  yellow,  fra- 
grant;  fruit  blackish.     "  Missouri  Currant."     "  Buffalo  Currant." 

CoRNACE^    Dogwood  Family. 

Dwarf  Cornel.  Cornus  Canadensis,  L.  Colorado  and  northward  (eastward  through 
northern  United  States) :  stems  about  half  a  foot,  from  a  creeping  trunk;  flow- 
ers surrounded  by  four  whitish  leaves  (involucre);  fruit  bright  red. 

Bed-osier  Dogwood.  Cornus  stoloniftra,  Michx.  Two  to  G  feet:  same  distribution 
as  preceding;  young  shoots  bright  red;  white  flowers  in  flat  clusters;  fruit 
white  to  lead-colored. 

Caprifoliace.e  :  Honeysuckle  Family. 

Ked-Berried  Elder.  Sambucus  racemosa,  "L.  Three  to  10  feet:  "across  the  conti- 
nent," in  swamps-:  pilh  of  young  shoots  brown  ;  fruit  red. 

Sambi'cL's  melaxocahi'.v,*  Gray.  New  Mexico  to  Montana  (westward  to  Oregon 
and  California) :  pilh  of  nhoots  brown  ;  flowers  white;  fruit  black. 


•See  arborescent  species,  No.  50,  page  177. 
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Common  Eldeu.  Sanihucus  Canadensis,  L.  Four  to  10  feet :  southern  Rocky  Monnt- 
aiu  region  (and  eastward  to  the  Atlantic  from  Canada  to  Florida) :  jnth  of 
8hooi8 pearl-white ;  fruit  blackish  with  some  bloom. 

"HlGH-BusH  Craxbeuhy."  riburnnm paiicijlorum,  Fy]aio.  Two to5 feet:  Colorado 
and  northward  (eastward  in  northern  regions):  smooth  or  hairy;  fruit 
clustered,  globular,  red,  acid,  edible,  flat-seeded.     In  cold  situations. 

"Wolf-Berry."  tSjjmplwricarposoccidentalis,  Hook.  Colorado  and  Montana  (north- 
ward and  eastward):  low,  stout;  flowers  small,  white  to  jdnkish,  hairy 
inside  ;  fruit  white. 

Snowberry.  Symphoricarpos  j-ofic»«08H«,  Michx.  "Across  the  continent"  (common 
generally  in  cultivation) :  slender;  flowers  smaller  and  less  hairy  than  in 
preceding  species;  fruit  larae,  white.  Variety  paueijlonis,  Robbius,  low, 
more  spreading,  with  few  flowers :  in  mountains  of  Colorado  (to  Oregon, 
Vermont,  and  northward). 

Symphoricarpos  oreopiiilus,  Gray.  Mountains  of  Colorado  (Utah  and  Arizona, 
to  California  and  Oregon) :  flowers  i  to  |  inch  long,  much  larger  than  in 
preceding  species. 

Honeysuckles  (Two  to  three  flowers  in  the  axils  of  the  leaves): 

Lonicera  Utahensis,Wa,tson.  Mountains  of  Montana  (Utah,  Oregon,  and  north- 
ward) :  erect ;  flowers  f  of  an  inch  long,  straw-colored  ;  berries  red. 
Lonicei'a  involucrata,  Banks.  Mountains  of  Colorado  (and  California  to  Alaska ; 
eastward  into  Canada):  erect,  2  to  10  feet;  flowers  yellow  with  sticky 
hairs;  two  blackish  or  purple  berries— often  joined. 
Lonicera  ciliosa,  Poir.  Mountains  of  Montana;  northward  and  southward  to 
Arizona  and  California:  twining  ;  one  or  two  pairs  of  the  topmost  leaves 
joined  into  one  piece ;  flowers  yellow  to  crimson  ;  berries  orange  to  red. 


CoMPOSTTiE :  Composite  family  (Sunflowers,  Thistles,  Etc). 

Thoroughwort.  Unpatorinm  ageratifolium,  D  C.  Three  to  7  feet:  southern  Colo- 
rado to  Texas  :  branches  chiefly  herbaceous. 

G^undsel-Tree.  Jiaccharis  salicina,  Torr.  and  Gray.  Three  to  12  feet ;  Colorado 
to  Texas:  sticky,  with  resinous  exudation. 

Tetradymia  Canescens,  D  C.  Northern  Wyoming  to  New  Mexico  (also  in  Arizona, 
California,  and  British  Columbia) :  clothed  with  a  close  persistent  white 
wool;  leaves  jjfljToir,  1  inch  long;  flowers  yellow;  branches  c?ose  and  upright. 
Variety  incj/HJs,  Gray,  has  shorter  leaves  and  closer  branches;  more  com- 
mon than  the  type.— Under  2  feet,  as  are  the  following. 

Tetradymia  gla«rata.  Gray.  Colorado  (and  from  Utah  to  California  and  Oregon  ) : 
clothed  with  a  white  loose  wool,  Avhich  is  not  persistent ;  branches  spread- 
ing; leaves  \  inch  long;  flowers  yellow. 

Tetradymia  Nuttallii,  Torr.  and  Gray.  Wyoming  and  Utah  :  white  w'\i\\Sii)ersist- 
cnt  wool  and  armed  with  stiff  spines ;  branches  short  and  close;  flowers 
yellow. 

Tetradymia  spinosa.  Hook,  and  Am.  Two  to  4  feet :  southern  Wyoming  to  Ari- 
zona (also  in  southeastern  California  and  eastern  Oregon):  branches 
spreading  widely,  densely  wJ'ite-Avoolly,  and  with  curved  or  straight  spines. 

Ericace.k  :  Heath  Family. 

Blue  Berries  : 

Vaccinium  occidentale,  Gray.  One  foot  or  more :  Uintah  Mountains,  northeastern 
Utah  (and  in  Siena  Nevadas,  California):  leaves  bluish  ;  berries  small, 
blue-black,  with  blt.om. 
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Blue  Berhies— Continued. 

Vaccinium  caesjiitosum,  Michx.  Less  tban|foot:  Rocky  Mountains  from  Col- 
orado northward  (to  Alaska,  and  eastward  in  Labrador,  and  the  White 
Mountains,  New  Hampshire;  growing  in  tufts:  berries  rather  large,  1>1ho 
(bloom),  sweet.  Variety,  cuncifoUum,  Nntt,  is  ^  to  1  foot:  mountains  of 
Colorado  (to  California,  British  Columbia,  and  Lake  Superior). 
yaccinium  Mi/rtilliis,  L.  One  foot  or  less:  Colorado,  Utah,  and  northward  (to 
Alaska):  branches  angled,  green;  berries  black. — "Whortleberry,""  Bil- 
berry." Variety  microphyllum,  Hook.,  3  to  6  inches,  with  leaves  ^  to  ^  of  an 
inch  long,  and  berries  reddish  at  first. 

''Bearberry."  "Kix.nikinxick."  Arctostajyhylos  Uva-ursi,  SpTeag^.  New  Mexico  (to 
California,  to  New  Jersey),  and  northward:  creeping;  foliage  ihicl;  cva'- 
grccn  ;  berries  red. 

WiXTERGRKEX.  GauUheria  Mi/rainites,  Hook.  Colorado  and  Utah  to  Montana 
(northward  and  westward):  procumbent,  tufted;  foliage  evergreen,  with 
aromatic  flavor;  berries  scarlet. 

Bryanthus  empetrifokmis,  Gray.  One-half  a  foot  or  more:  western  AVyoming, 
Montana,  (and  northward) :  leaves  croivded,  evergreen  ;  flowers,  rose-colored. 

Pai.:3  Laurel.  Kalmia  glauca,  Ait.  One  to  2  feet :  Colorado  and  northward  in  the 
Rocky  Mountains  (eastward  through  the  uorthern  United  States):  cold 
bogs;  branchlets  two-edged;  leaves  evej'^reew,  white  beneath,  margin  rolled; 
flowers  large,  lilac-purple. 

r.ABRADOR  Tea.  Ledum  glandulosum,  Nutt.  Two  to  6  feet:  northern  Idaho  and 
western  Montana  (also  in  the  Pacific  region  and  British  America) : 
leaves  1  to  2  inches  long,  persistent,  with  resinous  dots  below,  fragrant 
when  bruised  ;  flowers  white. 

Oleace^:    Olive  Family.* 

I'ORESTIERA  Neo-Mexicana,  Gray.  Six  to  10  feet :  southern  Colorado  to  New  Mex- 
ico (also  in  Texas) :  branches  warty;  leaves  1  inch  long;  flowers  incon- 
spicuous; fruit  dark,  cherry-like.  ^ 

Ciiexopodiace.e:     Goosefoot  Family. 

Gre\sewood.  Sarcobatus  vermiculatns,  Torr.  Two  to  8  feet :  sontheru  Wyoming  and 
southward  (also  in  the  Great  Basin  to  the  Upper  Missouri):  spreading, 
scraggy;  branches  stiff,  with  white  bark;  leaves  uajTOii'.  Most  abundant 
of  the  shrubs  called  "  Greasowood." 

Elaeagace.e  :     Oleaster  Family. 

ElaeaGXUS  aRGEXTEA,  Pnrsh.  Six  to  12  feet:  Utah  to  Dakota  (and  eastward  to 
Canada):  young  branches  with  >-i<8/»/s<;«Zt's;  flowers  yellowish  inside,  fra- 
grant ;  fruit  cherry-like,  me.ily,  edible,  witli  an  eight-grooved  stone. 

IJ'JFFALO  Berry.  Shcpherdia  drgculea,  Nutt.  Five  to  18  feet:  in  the  mountains  from 
Mexico  to  Montana  (and  northward  to  the  Saskatchewan  River,  British 
America;  westward  to  the  Pacific  coast  ranges):  spiny;  leaves  silvery; 
berries  scarlet,  almost  stemless,  acid,  edible,  with  flat  shiny  seed. 
AXADlAxSuEniERDiA.  Shepherdia  Canadensis,  Nutt.  Throe  to  G  feet:  in  the  moun- 
tains from  New  Mexico  to  southern  Montana  (also  ranging  eastward  from 
the  Columbia  River  to  the  Atlantic) :  young  branches,  leaves,  and  yellow- 
ish flowers  rusty-scaly ;  berries  yellowish,  red,  tasteless. 

*  See  arborescent  species,  page  177. 
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CCPULIFER.1: :  Oak  Family. 

DWAKF  BiKCii.  JJeiiila  glanduloaa,"  Michx.  Oue  to  6  feet:  Rocky  Mountain  region 
(and  uortUern— latitude  40^^ — California  to  Washington  Territory;  east- 
ward through  the  Northern  States  to  the  Atlantic,  and  north  of  the  United 
States  bouudai-y) :  peculiar  for  its  small,  rounded  leaves,  and  resinous,  gland- 
ular spots  on  the  young  branches. 

Beaked  Hazkl-nut.  Corylus  rostrata,  Ait.  Two  to  5  feet:  Colorado  to  Montana 
(westward  to  Washington  Territory,  northward  and  eastward  to  the  AUe- 
ghenies)  :  hard-shelled  nut  inclosed  by  a  leafy  cup,  which  terminates  in  a 
beak. 

Salicine^:  Willow  FamilyA 
Willows  : 

Salix cordata,  Mnh). ;  vaT.  MackenzianajJlodk.;  var.  re«<i<a,  Anders.  "Diamond 
Willow."  Ranging  through  the  northern  part  of  the  United  States  from 
the  Atlantic  to  the  Pacific  and  northward  to  the  Arctic  coast. 

Salix  Novw-Anglia;,  Anders.  ;  var.  pseudomi/rsinites,  oue  to  3  feet;  var.  pseudo- 
cordata,  Anders.,  not  tall:  mountains  of  Colorado  and  Montana  (northward 
to  the  Saskatchewan  and  Mackenzie  Rivers). 

Salix  irrorata,  Anders.  Six  to  8  feet :  central  Colorado  (mountains  near  Golden, 
ManitoH,  and  Empire  City) :  leaves  3  to  4  inches  long,  i  inch  or  less  wide ; 
year-old  twigs  white  with  bloom. 

Salix  monticola,  Bebb.  Eight  to  12  feet:  central  Colorado  (Golden,  Georgetown, 
Empire  City),  marshy  situations  in  the  mountains :  very  dense  shrub  ;  leaves 
3  to  G  inches  long,  1  to  nearly  2  inches  wide. 

Salix  rostrata,  Richards.  Northern  Idaho  and  Montana  (to  Vancouver  Island, 
northward  to  the  Saskatchewan,  eastward  to  New  England) :  with  some- 
what  the  habit  of  low  bushy  tree. 

Salix  chlorophtflla,  Auders.  One  and  one-half  to  6  feet:  Rocky  Mountains  (and 
northward  to  the  Saskatchewan  ;  also  in  the  Wahsatch  Mountains,  central 
Utah,  and  in  the  Cascade  Mountains,  Oregon,  and  Washington  Territory), 
at  an  altitude  of  11,000  feet:  straggling,  year-old  twigs  shiny  chestnut. 
"  Green  Willow." 

Salix  Candida,  Willd.  Rare;  2  to  5  feet:  bogs  and  foot-hills  of  the  Rocky 
Mountains  ;  noted  near  Cutbank  Creek,  Montana,  and  in  Colorado:  young 
shoots  with  white  wool;  older  twigs  shiny  red ;  leaves  2  to  4  inches  long, 
^  to  f  inch  wide. 

Salix  glauca,  L.,  var.  villosa,  Anders.  Three  to  7  feet:  low  meadow  and  foot- 
hills of  the  Rocky  Mountains:  a  spreading  shrub,  with  leaves  2  to  4  inches 
long  and  entire  margin. 

Salix  desertorum,  Richards.  One  to  2  feet ;  leaves  1  inch  long  and  less  than 
\  inch  wide,  white- woolly  beneath,  with  a  prominent  yellow  midrib  (in 
variety  Wolfiii  the  leaves  finally  become  smooth,  and  are  nearly  the  same 
color  on  both  sides) :  a  scraggy  shrub,  forming  clumps  on  mountain  slopes 
of  the  Rockies  considerably  above  the  timber  line. 

Salix  arciica,  R.  Br. :  \ar. peirwa,  Anders.  Colorado,  (California,  and  far  north- 
ward) :  creeping,  the  half-buried  branches  sending  up  twigs  2  to  3  inches 
long. 

Salix  vestita,  Pursh.  Old  Marias  Pass,  northern  Montana,  at  altitudes  of  0,000 
to  8,000  feet  (also  in  Canada  and  Labrador) :  procumbent,  sending  up 
branches  2  to  3  feet  high,  and  forming  massy  growths  in  rocky  places  some- 
times 10  feet  in  diameter. 

*■  See  arborescent  species,  Nos.  73,  74,  pages  183,  184. 
t  See  arborescent  species,  Nos.  78  to  81,  page  185. 
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WiLXOWS — Coutiuued. 

Salix  reticulata,  L.  lu  tbo  Kocky  Muuutaius  (aud  northward  to  the  Arctio 
coast) :  a  dwarfed  spocios  with  twisted  and  buried  stems,  the  leaves  rising 
only  a  few  inches  above  tho  ground. 

Conifers  :  Pine  Family. 

Common  JOniper.  Juniperaa  communis,*  L.  Four  to  10  feet  (or  with  care  and 
cultivation  occasionally  becoming  arborescent) :  in  tho  Rocky  Mountains 
from  New  Mexico  to  Montana  (eastward  through  the  Northern  States  and 
northward  throughout  British  America;  native  also  in  Europe).  With 
'  somewhat  erect  and  spreading  branches ;  leaves  in  threes,  i  to  J  of  an  inch 
long,  narrow,  needle-pointed,  whitish  and  concave  above:  berries  i  of 
an  inch  in  diameter,  densely  tchife  tcith  iloom.  Bark  of  branches  with 
*  ridged  scales.  Variety  Alpina,  Linn.,  differs  from  the  type  in  being  quite 
or  nearly  prostrate,  forming  mat-like  growths  with  its  widely  extended 
branches ;  leaves  J  to  f  of  an  inch  long,  broader,  curved,  and  less  spreading : 
chiefly  northern  in  tho  Rocky  Mountains  and  eastern  United  States.  Con- 
siderably used  as  an  ornamental  shrub.  _ 

Creeping  Juniper.  Juniperua  Sabina,  L.,  var.  procumbens,  Pursh.  Abundant  in 
tho  mountains  from  Colorado  to  Montana  (westward  to  the  Pacific  coast 
eastward  through  tho  Northern  States  to  the  Atlantic,  and  north  of  the 
United  States  boundary) :  a  prostrate  shrub  of  considerable  importance  in 
the  forest  economy  of  the  region,  as  by  its  abundance  it  retains  the  snow, 
and  thus  preserves  a  much-needed  supply  of  water  in  mountain  streams. 
Foliage  dense ;  prostrate  branches  taking  root ;  often  scaly  with  persistent 
dead  loaves ;  berries  ^  to  ^  of  an  inch  in  diameter. 

*  See  arborescent  Junipers,  Nos.  24,  25,  26,  page  166. 


THE  FORESTS  OF  LOS  ANGELES,  SAN  DIEGO,  AND 
SAN  BERNARDINO  COUNTIES,  CALIFORNIA.' 


By  Abbot  Kinney,  California. 


Tlic  term  '^  forest,"  as  it  is  understood  in  the  older  States,  is  appli- 
cable in  only  a  litnited  extent  to  tbe  natural  tree  and  brush  growths  of 
southern  California. 

Upon  the  mountain  heights  alone  would  the  Eastern  man  feel  himself 
to  be  in  a  forest.  N'o  account  of  the  forests  of  southern  California 
would,  however,  bo  complete  without  a  description  of  all  the  natural 
tree  and  brush  growths  found  here. 

As  has  been  said,  there  are  no  forests,  properly  speaking,  in  the 
valleys  or  on  the  plains.  The  growths  in  these  portions  of  the  country 
consist  of  the  following :  On  the  i^lains,  near  the  sea,  and  near  rivers  or 
damp  swampy  places,  Willows  grow  in  rank  dense  groves,  and  furnish 
a  large  amount  of  fire- wood.  The  Sycamore  strays  down  the  canyons 
and  water-courses  to  within  sound  of  the  ocean  breakers.  It  is  only 
used  for  fire-wood. 

In  the  valleys  large  groves  of  Oak  occur ;  these  trees  are  from  20  to 
40  feet  apart,  and  are  often  magnificent  old  monarchs,  most  i)icturesque 
and  attractive.  Quercus  Jobata,  or  the  White  Li  ve  Oak,  forms  the  larger 
part  of  the  groves,  but  the  Eed  Oaks,  Quercus  chrysolcpis,  and  Quer- 
cus agrifoUa,  with  their  dark-green,  glistening,  holly-like  leaves,  are 
the  most  attractive.  These  are  scattered  through  the  groves  and  can- 
yons.   The  oak  groves  resemble  the  plantations  of  the  most  beautiful 

'  This  sliort  report  by  Mr,  Abbot  Kinney,  now  cbairmau  of  the  California  State 
Board  of  Forestry,  was  prepared  for  this  Division  in  the  spring  of  1886,  in  the  hope 
that  by  aiding  such  work  the  then  incipient  forestry  interests  of  California  might  bo 
fostered.  It  has  been  printed  in  the  report  of  the  California  Board  of  Forestry,  and 
is  here  produced  because  it  serves  to  show  how  even  the  preservation  and  protection 
of  natural  brush  lands  may  become  a  snbject  of  solicitude  on  the  part  of  States  and 
communities. 


199 

Enf:flisb  parksi.  Tlie  luagniliceut  trees  si>reiul  a  generous  shade  over  the 
ticlds  of  wild  ilowers  and  grasses.  Grain  is  often  planted  under  the  oaks 
and  matures  well,  only  a  little  later  than  that  in  the  open  plains. 

It  is  a  great  regret  to  every  lover  of  nature  to  see  such  characteristic 
beauty,  so  difficult  to  recreate,  rapidly  disappearing.  The  broader 
canyons,  when  there  is  enough  good  soil,  are  enchanting. 

As  we  leave  the  sea,  the  watercourses,  or  more  properly  flood-courses, 
of  the  country  are  covered  by  Cottonwood  trees  {Populus  Fremontii 
and  Populus  triehocarpa).  These,  like  the  Oaks,  frequently  form  beau- 
tiful parks  on  the  damp  lands  where  they  grow.  One  of  the  hand- 
somest of  these  groves  is  at  San  Jacinto,  in  San  Diego  County. 

In  the  great  Colorado  Desert  and  on  its  edges  are  found  several  use- 
ful stunted  trees  that  form  in  favorable  locations  considerable  planta- 
tions. These  are  the  Iron- Wood,  Mesquite,  the  Screw-Bean,  and  the 
Piuon  Pines.  The  last  three  bear  edible  fruit,  which  is  collected  by  and 
forms  the  main  support  of  the  desert  Indians. 

In  the  Mojave  Desert  a  tree  cactus  grows  which  is  being  made  into 
paper,  on  a  large  scale,  by  an  English  company.  This  is  the  Tueca 
brevifolia.  It  grows  about  20  to  30  feet  high,  and  forms  the  same 
grove  like  plantations  so  frequent  in  this  dry  country.  In  the  mount- 
ain canyons  opening  on  the  desert  side  grow  the  striking  California 
Palms,  Washingtonia  jUifera. 

The  edible  Oak  acorns,  the  nut  of  the  California  Walnut,  and  the 
fruit  of  the  desert  trees  spoken  of  form  important  possible  sources  of 
food. 

Speaking  generally,  it  must  be  borne  in  mind  that  the  i)lains  and 
deserts  of  southern  California  are  devoid  of  trees,  and  when  trees  do 
occur  they  never  form  forests. 

In  the  lower  mountain  canyons,  wherever  there  is  water,  the  growths 
are  dense.  The  pciucipal  trees  are  the  Willow,  Alder,  Maple,  and 
Mountain  Live  Oak  {Quercus  ohlongifolia).  These  are  mixed  with  trees 
coming  up  from  the  valleys  on  the  one  side,  principally  Oaks,  and 
down  from  the  mountain  heights  on  the  other,  principally  Spruce 
{Abies  Douylasii).  The  whole  is  inextricably  tangled  up  with  dense 
chaparral  and  charmingly  ornamented  with  large  fern-brake. 

The  deciduous  trees  of  the  country  are  almost  exclusively  confined 
to  the  canyons  or  the  damp  land  below  them,  or  to  the  courses  of  the 
waters.  The  Quercus  ohlongifolia  is  the  only  one  of  our  Oaks  valuable 
for  timber. 

On  the  mountains  the  real  forest  is  found.  Considerable  quantities  of 
valuable  timber  exist  on  the  Sierra  Madre,  San  Bernardino,  San  Jacinto, 
and  Cuyamaca  Mountains.  The  Sierra  Madre  range  has  been  too  steep 
and  inaccessible  as  yet  to  be  exploited ;  but  on  San  Bernardino  and 
San  Jacinto  large  saw-mills  are  continually  at  work,  supplying  the  col- 
onies below  in  the  valleys  with  lumber,  but  furnishing  none  for  export. 
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The  priucipal  timber  cut  is  Pine.  Spruce  and  Cedar  are  also  cut  and 
sold ;  the  latter  largely  split  for  posts.  The  most  important  trees  in 
tbo  mountains  are : 

Piniis  Lamhertiana,  Sugar  Pine. 

Pinus  ponderosa,  Pitch  Pine. 

Pinus  Goulteri,  Nut  Pine. 

Pinus  Sabiniana,  Digger  Pine. 

Pinus  Jeffrey i,  Yellow  or  Bull  Pine. 

Pseudotsuga  Bouglasii,  Spruce. 

Juniperus  Californica,  Juniper. 

Libocedrus  decurrens,  White  Cedar. 

Abies  concolor,  Silver  Fir. 

Quercus  cJirysolepis,  Bed  Live  Oak. 

Quercus  Kelloggii^  White  Oak. 
The  timber  is  said  by  the  lumbermen  to  be  softer  and  less  valuable 
than  that  farther  north.  The  low  foot-hills  near  the  coast  are  generally 
devoid  of  trees  or  shrubs.  Those  on  the  desert  are  absolutely  bare. 
With  these  exceptions,  all  the  foot-hills  and  mountains  not  covered  with 
trees  are  more  or  less  thickened  with  evergreen  bushes,  called,  collect- 
ively, chaparral.  These  grow  from  3  to  15  feet  in  height  and  are  fre- 
quently almost  impenetrable.  This  chaparral  is  composed  principally 
of  Scrub  Oaks,  Manzanita,  Wild  Lilac,  Grease- wood,  and  Sumac.  On 
the  lower  foot-hills  this  brush  is  cut  and  grubbed  uj)  for  firewood.  In 
the  mountains  and  canyons  it  furnishes  food  for  the  bees,  and,  most  im- 
portant of  all,  it  acts  as  a  reservoir,  in  allowing  the  rains  of  the  wet 
season  time  to  seep  into  the  soil  and  rock  veins,  to  appear  again  in  the 
dry  season  as  springs  in  the  low  country.  This  brush,  together  with 
the  trees,  also  protects  the  country  from  the  formation  of  destructive 
torrents  and  floods,  and  modifies  the  desert  winds,  which  are  already 
somewhat  detrimental,  at  times,  to  vegetation.    • 

These  brush  lands  almost  all  belong  to  the  Government,  and,  being  of 
little  direct  value,  will  probably  long  remain  its  property.  Every  year 
disastrous  fires  sweep  off  great  areas  of  this  mountain  covering.  The 
Government  sets  no  watch  and  takes  no  heed  of  its  property,  and  the 
fires  run  into  and  destroy  the  timber  as  well  as  the  brush.  Every  year, 
as  a  consequence,  water -rights  are  decreased  in  value,  through  the 
springs  diminishing  in  summer,  and  torrents  run  more  violently  and 
bring  down  more  sand  and  stones  to  scatter  on  the  farms.  The  floods 
each  wet  year  are  more  destructive  than  before.  Lately,  floods  have 
swept  away  twenty-two  houses  in  Los  Angeles,  and  interrupted  travel 
for  weeks  on  the  Southern  Pacific  Railroad,  in  the  Soledad  Canyon,  and 
for  months  on  the  California  Southern  road,  in  the  Temecula  Canyon. 
On  each  of  these  water-sheds  extensive  destruction  of  trees  and  brush 
had  taken  place  in  the  Soledad  by  deliberately  set  and  deliberately  re- 
peated fires. 
It  is  very  important  that  steps  should  be  taken  to  preserve  these 
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raountaiu  coverings,  so  as  to  inaiutain  the  tax-paying  power  of  the  com- 
uuiuity,  which  can  not  exist  here  if  the  springs  become  dry. 

For  the  forest  maps  of  these  counties,  comprising  an  emj)ire  of  laud, 
I  am  indebted,  for  Los  Angeles,  to  Mr.  George  E.  Jackson,  and,  for  San 
Diego,  to  Mr.  T.  E.  Vandyke  and  Mr.  M.  G.  Wheeler. 

Cnpressus  mncrocarpa  aud  Guadalupensis  are  uot  found  in  Los  Angeles 
County,  to  my  knowledge,  in  a  state  of  nature.  Some  of  the  Sumacs,  as 
the  one  with  edible  berries,  do  not  extend  to  us. 

The  Finns  Torreyana  is  confined  to  one  little  nook  of  San  Diego  County. 
On  the  other  hand,  the  Yucca  hrevifolia,  or  tree  cactus,  seems  not  to  be 
known  in  San  Diego  County,  and  the  beautiful  fragrant  Bay  tj'ee  does 
not  extend  south  of  the  Los  Angeles  canyons. 

In  the  second  Sierra  Madre  range  of  Los  Angeles  County  there  are 
about  two  hundred  Kedwood  trees.  Sequoia  semper virens — a  fact  not 
generally  known,  owing,  doubtless,  to  the  inaccessible  character  of  the 
mountains  where  they  are. 

In  this  connection  it  is  proper  to  call  attention  to  tlie  considerable 
number  of  trees  and  shrubs  perpetuated  in  California  that  have  long 
become  extinct  elsewhere.  One  may  well  think  it  probable  that  the 
mild  and  equable  climate  where  this  has  happened  may  be  as  favorable 
to  man  as  it  has  been  to  vegetable  growth. 

The  necessity  of  the  hour  is  the  intelligent  supervision  of  the  forests 
and  brush  lands  of  California,  with  a  view  to  their  preservation.  The 
cutting  and  use  of  the  forests  should  be  so  reasonably  regulated  as  to 
insure  their  reproductive  power,  and  above  all,  maintain  the  forest  in- 
fluence on  the  climate  and  secure  to  the  farmer  the  perennial  character 
of  the  springs  and  streams  necessary  in  the  dry  season  for  irrigation ; 
also  to  x^rotect  the  low  lands  against  floods  and  torrents  that  occur  here 
whenever  the  mountains  are  denuded. 


TREES  AND  SHRUBS  OF  SAN  DIEGO  COUNTY,  CALIFORNIA. 

[The  followins;  list  is  a  modification  of  that  in  tho  first  edition  of  this  report.  That  list  was  com- 
piled niainly  from  Watson's  Botany  of  California.  The  modifications  have  been  made  upon  the  au- 
thority of  Mr.  C.  R.  Orcutt  and  Dr.  S.  B.  I'arish,  both  of  San  Diego,  County,  Cal.  Thanks  are  espe- 
cially due  to  Dr.  Parish,  who  is  writinj:  a  lioia  of  tlii.s  region,  for  the  addition  of  several  unpublished 
species.  The  Cacti,  and  other  plants  not  truly  shrubs  or  trees,  have  been  omitted.  A  few  8pecie.«j, 
however,  not  always  woody  throughout,  have  been  in.sorted.  Tlie  fact  that  Mr.  Kinney  submittc^l  a 
list  confined  to  San  Diego  County  must  explain  tho  insertion  of  such  a  limited  list,  while  it  would  have 
been  desirable  to  embrace  tho  llora  of  Los  An^^eles  uud  San  Ik;roardino  Counties  as  forming  a  true 
botanical  region.--l$.  E.  F.] 

AcANTUACE.K:  Acaiithns  family. 

Bcloperonc  Californica,  Benth. 
ANACAnuiACFwE :  Casbcw  family. 

Bhita  (Urerailoba,  Torr.  &  Gray.     " Poisou  Oak;  "  climbing. 

Rhus  aromatica.  Ait.,  var.  trilobata,  Gray.     Two  to  5  feet. 

Iihu8  inietjrifolia,  Benth.  &  Hook.     Five  to  10  foot;  evergreen. 

Bhua  laurina,  Nntt.    Large  shrub,  with  evergreen  foliage. 
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Batide^: 

liatia  maritima,  Liuii.     Sea-sitlo  shriib,  3  to  4  feet,  generally  prostrate. 
Ukuhkuidack.*:  :  Barberries. 

Btrheris  repens,^  Liiidl.     Less  than  1  fool  liigb. 

Berberia  jnnnata,  Lag.     Two  to  G  feet  bigb. 

Berberis  Neviniana,-  Trelcase. 
BiGNOXiACK.K :  Bignonia  family. 

Chilojms  saU'jna,^  Don.     Shrub,  or  small  tree,  10  to  20  feet  high. 
BuXACKj;: 

iSiinniondsia  Califormca,  Nntt.     Low  shrub. 
CArM>A!!iDACF,.i: :  Caper  family. 

I.someria  arborea,  Nntt.     Three  to  5  feet  high. 
Capkifoliace.i:  :  Honeysuckle  family. 

Sambucita  (jlanca,^  Nutt.     Elder.     Shrub  or  small  tree. 

Syinphoiicarpos  raccmosm,  Michs.    Siiowberry.     Two  to  4  feet. 

Lonicerahispidiila,  Dougl.    Honeysuckle.     More  or  less  twining. 
Celastrace^  :  Stall-tree  family. 

Euonymus  Pariahii,-  Ti'elease. 

Euonijmus  occidentalism'  Nntt. 
Chenopouiace.k  :  Goosefoot  family. 

Atriplex  hymenehjtra,  Watson.     Two  to  3  feet. 

Atripkx  cauescens,  AVatson.     Under  2  feet. 

Grayia  polygaJoides,  Hook.  &  Arn.    One  to  3  feet. 

Sarcobatns  vcrmiculatm/'  Torr.     Two  to  8  feet  high;  commonest  of  the  "Grease- 
woods,"  and  very  probably  occurs  in  this  range. 
Composite:  Composite  family. 

Acamptopappm  sjihwrocephalas.  Gray.     One  to  3  feet. 

Aplopappna  Palmeri,  Gray. 

Aplopappus  pinifolins,  Gray.     Two  to  4  feet. 

reucephyUnm  Schotlii,  Gmy.     Under  1  foot. 

Baccharis  glutinosa,  Pers. 

Baocharis  Emoryi,  Gray. 

Baccharis  seryiloides,  Gray. 

Baccharis  sarothroidcs,  Gray. 

Bigelovia  tcretifoUa,  Gray.     Low  shrub. 

Bigelovia  paniculata,  Graj'. 

Artemisia  trideiitala,  Nntt.,  var.  aiigustifolia  Gray, 

Tetradymia  cancsccns,  D  C.     One  to  2  feet  high. 
Conifer.e:  Pino  family.' 

Janiperus  Cali/ornica,  Carr.     A  shrub  or  small  tree,  sometimes  20  to  30  feet. 

Libocedrus  decurreiis,  Torr.     One  hundred  to  150  feet  high. 

I'seuiotsuga  Doiiglasii,  Carr.,  var.  macrocarpa.     A  rather  largo  tree  40  to  ,50  feet 
or  more  in  iieighf,  probably  occurring  in  this  range. 

rinits  Lambcrtiaiui,  Dougl.     "Sugar  Pine."    A  very  largo  tree,  sometimes  300  feet. 

Pinus  Parryana,  Eiigelm.   Twenty  to  30  feet  high  ;  probably  occurs  in  this  range. 

Pinus  Torrcyana,  Parry.     Twenty  to  30  feet  high. 

Piiuis  ponderosa,  Dougl.     "  Yellow  Pine."     One  of  the  largest  pines,  sometimes 
150  to  300  feet  high. 

Pinus  Jeffreyi,  Murray.     "Bull  Pine."    One  hundred  feet  high. 

Pinus  Murrayana,  Balf. 

I'iiiuH  Sabiniana,  Dougl.     "Nut  Pine,"  "Digger  Pine."     Sixty  to  100  feet  high, 

I'inus  Conltei-i,  Don.     Sixty  to  100  feet  or  more  in  height. 

Pinus  tubcrculata,  Gord. 

Abies  concolor,  Lindl.  «&  Gord. 


'  Collected  in  .S.iii  Dic^o  Coiinty,  by  Dr.  E.  Palmer,  iu  1875.  "  Unpublished.  *  See  No.  61,  p.  179. 
*Seo  Xo.  .jC,  p.  177.  »C.  K.  Orciitt.  in  Fir.it  niomiiiil  Rrport,  C.alifoiiiiii  Forestry  Hoard.  «Spcci' 
mens  collected  iii  Sau  Luis  Valley  in  1873  by  John  Wolf.         '  Sec  Conifcra>,  p.  159. 
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Cornace^e:  Dogwood  family. 

ConiHS  CaliJ'oinka,  C.  A.  Meyer.     Six  to  15  feet. 

Connts pubesciiis,  Niitt.     Four  to  10  feet. 

(7an7/rt  _//rtre8cei/«,  Watsou,  var.  /'fl/HUTi,  Watsou.     Foiii- to  8  feet;   evergreen. 
CUPULiFEU.K:  Oak  family. 

Qitercus  nndnlata,  Torr.,  var.  puiKjina,  Engclm.     A  hlirub  umler  8  feet. 

Quercua  dumosa,  Nutt.     A  slender  shrub  or  small  tree  20  feet  high. 

Qitcrcua  oblongifolia,^  Torr.     Twenty  to  30  feet  high. 

Quercua  chri/Holepis,   Liebm.      "California  Live  Oak."      At  high  elevations  a 
shrub,  but  elsewhere  generally  a  large  tree. 

Quercus  ruhneri,  Engehii.     A  shrub  8  to  10  feet  high. 

QucrcHsagrifolia,'S6c.     "  Eueino."    A  largo  tree.    Variety /r«<C8CCHS  is  a  shrub 
under  5  ft-et. 

Quercua  Kellot/gii,  Newberrj'.     Shrub  or  middle-sized  tree. 

Caatanopsia  chryaophylla,  A.  D  C.    Western  Chinquapin.    A  iargo  shrub  or  small 
tree  ;  found  only  sparingly. 

Alnus  rhomhifoVia,'^uii.    A  rather  largo  tree  known  as  "  White  Alder,"  "Cali- 
fornia Alder." 

Alnua  ohlongifoUa,  Torr.    A  small  tree  20  to  30  feet  high. 
Ericace.k  :  Heath  family. 

Arctoataphijloa pungens,  H.  B.  K.     Manzanita.     Procumbent  or  rising 8  to  10  feet. 

Arcioalaphyloa  glauca,  Lindl.     Great-berried  Manzanita.    Eight  to  20  feet,  and 
often  1  foot  in  diameter  at  the  base. 

ArctoataphyJoa  hicolor,  Gray.    Manzanita.     Three  to  4  feet  high. 

Arcloataplujloa  Prylei,-  Parry. 

ArclobiaplnjJoa  arguta,  Zucc.,  var.  dircrsifolia,  Parry. 

lihododendron  occideniale,  Gray.    Azalea.    Two  to  6  feet  high. 
EuPiiORBiACKyE :  Spurge  family. 

Beinardia  viyricwfoUa,  Watson.     Three  to  10  feet. 

Acahjpha  Californica,  Benth.     Shrub. 

Euphorhia  miscra,  Benth.     Two  to  3  feet  high. 
Gnetace.e. 

Ephedra  Californica,  Watson.     Mostly  decumbent. 

Ephedra  trifurea,  Torr. 
Hydropuyllace.*:  :  Water-leaf  family. 

Eriodictyon  iomentoaum,  Benth.     Six.  to  10  feet. 

Eriodiciyon  ghdinosum,  Benth.     Three  to  5  feet. 
Juglani)ACE.e  :  Walnut  family. 

Jiiglana  Californica,  Watson.    California  Walnut.     A  shrub  or  tree  sometimes  GO 
feet  high  ;  occurs  only  sparingly  in  this  range  ;  cultivated. 
Labiat.k:  Mint  family. 

Ilyptia  Emoryi,  Torr.     Four  to  5  feet. 

Audibcriia  slachyoides,  Benth. 

Audibertia  ralmeri,  Gray. 

Audibertia  Clcvrlandi,  Gray. 
LaukacE/v:  :  Laurel  family. 

UmbcUularia  Ca/i/ornica,  Nutt.     "Mountain  Laurel,"  "Spice  Tree."    Shrub  or 
tree  10  to  70  feet. 
Leguminos.1-;  :  Pulse  family. 

Pickeriiigia  montana,  Nutt.  .  Four  to  7  feet  high. 

Amorpha  Californica,  Nutt.     Three  to  8  feet. 

Dalca  Parryi,  Torr.  &  Gray. 

Dalea  Emoryi,  Gray. 

Doha  Californica,  Watson. 

Dalea  Schotlii,  Torr. 


'  See  No.  CO,  p.  182.  »  Uupublishcd. 
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Legumino8.k:  Piilso  fuiuily— Coutiuued. 

Daha  8pin08a,Gray.     Four  to  15  feet. 

Olneya  Tesota,  Gray.     *' Iron-Wood."    Small  tree  15  to  20  feet  high. 

Cercis  occidenialis,  Torr.     Red-Bud,  Judas  tree.     Small  tree  10  to  15  feet  high. 

Parkinsonia  Torreyana,  Watson.     "Palo  Verde."    A  tree  20  to  30  feet  high. 

Prosopsi  juliflora,^  D  C.     "Honey  Mesquit."    A  tree  30  to  40  feet  high. 

Prosopia  pubcscevs,^  Beuth.     "  Screw-Pod  Mesquit."    A  tree  15  to  30  feet  high. 

Acacia  Grcggii,^  Gray.     Cat's  Claw.    Small  tree  10  to  20  feet  high. 

Calliandra  eriophylla,  Benth. 
LILIACE.E:  Lily  family. 

Nolina  Parryi,  Watson. 

Nolina  Bigelovii,  Watson. 

Yucca  baccata,^  Ton.  "  Spanish  Bayonet."  "Mexican  Banana."  Sometimes 20  feet. 
Malvaceae:  Mallow  family. 

Malvastrum  Thurberi,  Gray.    Woody  base. 
OLEACEiE:  Olive  family. 

Fraxinus  dipetala,  Hook.  &  Arn.    Small  tree. 

Forestiera  Neo-Mexicana,  Gray. 
Palm^:  Palm  family. 

Washingtonia  filifera,  Weudl.    Twenty  to  40  feet  high  and  2  to  3  feet  iu  diameter. 
Papaverace^  :  Poppy  family. 

Bomneya  Coulteri,  Harv.     Four  to  15  feet. 

Bendromicon  rigidum,  Bentb.    Two  to  8  feet  high. 
Plataxace.e  :  Plane-tree  family. 

Platanu8racemosa,'Natt.    "  Button  wood."    Sycamore.    Large  tree,  often  100  feet. 
POLYGALACE^E :  Milkwort  family. 

Krameria parcifoUa,  Bentb.     One  to  2  feet  high. 

Erameiia  canescens,  Gray.    One  to  2  feet  high. 
POLEMONlACE^ :  Polemonium  family. 

Gilia  Calif ornka,  Benth.    Shrub  2  to  3  feet  high. 

Gilia  jyungens,  Benth.,  var.  Hookeri,  Gray.    Low  shrub. 
Rhamnace^  :  Buckthorn  family. 

Zizyphua  Parryi,  Torr.    Four  to  15  feet  high. 

Zizyphus  lycioidcs,  var.  canescens,  Gray. 

Condalia  spathulata.  Gray. 

Bhamnus,  crocea,  Nutt.    Three  to  15  feet  high. 

Rhamnus  crocea,  Nutt.,  var.  pilosa,^  Trelease. 

Rhamnus  Californica,  Esch.     Four  to  18  feet  high ;  var.  t(m,enlella  more  southern. 

Adolphia  Californica,  Watson.    Two  feet  high. 

Ceanothus  ihyrsifiorus,  Esch. 

Ceanothua  sorediatus.  Hook.  &  Arn. 

Ceanothus  cordiilatus,  Kellogg. 

Ceanothua  divaricalua,  Nutt. 

Ceanothua  inlegcirimua.  Hook.  &  Arn.    Two  to  3  feet  high. 

Ceanothua  craaaifolius,  Torr.     Four  to  12  feet  high. 

Ceanothua  cuneatua,  Nutt.    Three  to  12  feet  high. 

Ceanothua  rigidua,  Nutt.    Five  feet. 

Ceanothua  vcrrucoaua,  Nutt. 
Rosace.e:  Rose  family. 

Prunua  demiaaa,*  Walpers.     Wild  Cherry.     Shrub  or  small  tree. 

Prunua  ilicifolia,  Walpers.     "  Islay."    A  shrub  8  to  12  feet  high;  evergreen. 

Prunua  faaciculata,  Gray.     Two  to  3  feet  high. 

Prunua  Fremonti,  Watson. 

Spirwa  discolor,  Pursb.,  var.  dumosa,  Watson.    Low  shrub. 


1  See  pp.  171, 172.      « See  No.  88,  p.  189.      "See  Bull.  Calif.  Acftd.,8d.S.  I.,  271.      «  See  No.  47,  p.  174. 
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Rosacea  :  Rose  family — Continued. 

liubus  Xutkanus,  M05.    Three  to  8  feet  high. 

Eubua  hucodermis,  Dougl.     Three  to  5  feet  high. 

Ruhua  ursinus,  Chaui.  &  Schl.    Trailing. 

Chamnbatia  foUolosa,  Bonth.     One  to  2  feet  high. 

Purshia  tridenta,^  D  C.     Two  to  8  feet  high. 

Ctrcocarpus  parvifolius,^  Nutt.    Mountain  Mahogany.    Two  to  10  feet  liigh. 

Jndenostoma  fasciculalum,  Hook.  &  Am.     "  Grease- woo<l."    Two  to  10  feet  high  ; 
shrub-like;  evergreen  foliage. 

Andenostoma  sparsifoHum,  Torr.    "  Deer-brush."    Shrub  or  small  tree ;  evergreen. 

liosa  CaJifornica,  Cham.  &  Schlecht.      Two  to  8  feet  high. 

Heteromeles  arbutifolia,  Roemer.     "Tyon,"  "Tollon."    Four  to  IS  feet  high. 
RUTACE^ :  Rue  family. 

Thamnosma  montanum,  Torr.     One  to  2  feet  high. 

Cneoridium  dumoaum,  Hook,  f.    Two  to  4  feet  high. 
SALICIXE.E :  Willow  family.' 

Salix  IcevigaUi,  Bebb.    A  tree  15  to  20  feet  high.    Two  varieties  are  distinguished 
from  the  type  ;  var.  angustifolia  and  var.  congeala. 

Salix  lasiandra,  Benth.,  var.  lancifoJia,  Bebb. 

SaUx  longifolia,  Muhl.    Three  to  l.'>  feet  high.    Two  varieties  arc  known  ;    ar- 
gyrophijUa,  Anders.,  and  exigua,  Bebb. 

Salix  aeaailifolia,  Nutt.,  var.  Hindaiana,  Anders. 

Salix  laaiolepia,  Benth.     Under  favorable  conditions  a  tree  40  to  GO  feet  high. 
Two  varieties ;  Bigelovii,  Bebb ;  falax,  Bebb. 

Populua  trichocarpa,  Torr.  &  Gray.     Thirty  to  50  feet  high.     One  variety,  cupu- 
lata,  Watson. 

Populua  Fremontt,  Watson,  var.  Wializeniy  Watson.    A  large  tree. 
Sapindace^  :  Soapberry  family. 

xEaculua  Parryi,  Gray.    Buckeye.     A  shrub  occurring  farther  sontb,  but  possibly 
to  be  met  with  in  this  range. 

Acer  macrophyllum,  Pursh.     Broad-leaved  Maple.    Tree  50  to  90  feet  high. 
SAXIFRAGACACE.E :  Saxifrage  family. 

Ribea  apecioaum,  Pursh.    Gooseberry.     Six  to  10  feet ;  stout. 

liibea  Menzieaii,  Pursh.     Gooseberry.     Two  to  6  feet. 

liibea  viacoaiaaium^  Pursh.    Low. 

liibea  aanguineum,  Pursh.     Currant.    Two  to  12  feet. 

Jiibea  aanguineum,  Pursh.,  yar.malvaceum. 
SCROPHULARIACE-E :  Figwort  family. 

Pentatemon  ternatua,  Torr.    Two  to  4  feet. 

Pentalemon  antirrhinoidea,  Benth.    One  to  5  feet. 

Pentatemon  cordifoliua,  Bth. 

Pentatemon  liothrockii,  Gray. 
SOLANACE-E  :  Nightshade  family. 

Lycium  Cooperi,  Gray. 

Lyeium  Cali/ornicum.  Nutt.    Two  to  4  feet ;  spiny. 

Lycium  Totreyi,  Gray.    Three  to  8  feet. 

Lycium  Anderaonii,  Gray,  var.  Wrightii,  Gray.    Two  to  4  feet, 

STEnCULIACE.t:. 

Franontia  Californica,  Torr.    Ten  to  20  feet  high. 
Tamariscink.k  :  Tamarisk  family. 

Fouquiera  aplendena,  Engelni.    Candlewood.     Often  10  to  20  feet  high. 
ViTACE.*: :  Grape  Vines. 

Vitia  Californica,  Benth. 
Zygopiivllace.*;  : 

Larrea  Mexicana,*  lAoric.    *' Creosote  bush."    Four  to  10  feet  high. 

>  See  PurfAia,  p.  102.         *  See  Ko.  61,  p.  175.        *  See  thU  family,  p.  185.       «  See  Larrra  p.  lOa 


THE  NEEDS  OF  THE  YELLOWSTONE  NATIONAL  PARK. 


U.  S.  Geological  Survey, 

Washington,  December  27, 1887. 

Sir  :  During  your  visit  to  the  Yellowstone  Park  last  summer  you  ex- 
pressed so  warmly  your  keen  appreciation  of  the  region  as  a  forest  res- 
ervation that  I  desire  to  call  your  attention  to  some  of  the  more  salient 
features  of  the  country,  and  to  point  out  what  I  consider  the  important 
reasons  for  not  only  maintaining  the  national  park,  but  for  enlarging  its 
boundaries.  In  the  arid  and  sparsely  timbered  regions  of  the  eastern 
ranges  of  the  Rocky  Mountains  few  areas  equal  and  none  surpass  the 
Yellowstone  Park  in  its  advantages  to  the  nation  as  a  forest  reservation. 
While  much  may  rightly  be  said  in  favor  of  the  maintenance  of  the  park, 
based  upon  sentimental  grounds,  the  necessity  of  protecting  the  scien- 
tific curiosities,  the  advantages  of  the  place  as  a  game-preserve,  and  the 
benefits  to  be  derived  from  it  as  a  health  resort,  tlie  object  of  first  im- 
portance is  the  preservation  of  its  timber.  The  park  is  a  natural  res- 
ervoir, adapted  by  geographical  position  to  receive  a  copious  snow  and 
rainfall,  and  by  its  topographical  structure  to  store  up  the  waters  which 
it  receives. 

In  its  broader  physical  features  the  Yellowstone  Park  is  an  elevated 
volcanic  plateau  shut  in  on  the  south,  east,  north,  and  northwest  by 
mountains  rising  from  2,000  to  4,000  feet  above  the  general  level  of  the 
inclosed  table-land.  It  presents  a  broken,  roughly  undulating  surface, 
varying  from  7,000  to  8,500  feet  above  sea-level,  with  an  average  ele- 
vation of  about  8,000  feet. 

The  Gallatin  Range,  with  Electric  Peak  a  culminating  point,  shuts  in 
the  park  on  the  west  and  north.  To  the  northeast  the  Snowy  Range, 
deriving  its  name  from  the  white-capped  summits,  towers  high  above  the 
plateau.  Along  the  eastern  side  of  the  park  for  more  than  80  miles 
stretches  the  Absaroka  Range,  which  rises  as  a  bold,  unbroken  barrier 
above  the  table-land,  manj'^  of  the  mountain  tops  reaching  elevations 
varying  from  10,000  to  11,500  feet  above  sea  level.  To  the  southward 
the  plateau  is  rimmed  in  by  the  Grand  Tetons  and  Wind  River  Range. 
All  these  surrounding  monntain.«.,  covered  with  snow  the  greater  part 
of  the  year,  are  constantly  pouring  immense  volumes  of  water  into  the 
l)lateau  region.  The  continental  water-shed  enters  the  park  near  its 
southeast  corner,  crosses  the  summit  of  Two  Ocean  Plateau,  and  with 
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an  irregular,  winding  course  follows  along  the  top  of  tlie  volcanic  lava- 
flow  in  a  general  northwesterly  direction,  leaving  the  park  nearly  west 
of  the  Upper  Geyser  Basin. 

Five  main  channels  carry  off  the  waters  from  the  park  to  the  valleys 
below.  On  the  eastern  side  of  the  great  water-shed  the  Yellowstone, 
Madison,  and  Gallatin  contribute  their  waters  to  the  Missouri,  while 
the  Snake  and  Falls  Rivers  on  the  opposite  side  add  their  share  to  the 
Columbia.  The  Yellowstone  River,  already  a  magnificent  stream  be- 
fore it  leaves  the  mountains,  drains  more  than  one-half  the  area  of  the 
park,  including  the  entire  eastern  border,  together  with  the  eastern 
side  of  the  Gallatin  Range,  which,  through  the  Gardiner  River,  pours  its 
waters  into  the  Yellowstone.  The  streams  upon  the  western  slope  of 
the  Gallatin  Range  empty  into  the  Missouri  by  the  Gallatin  River. 
Both  the  Gibbon  and  the  Firehole  find  their  sources  among  springs  on 
the  plateau,  and  after  draining  the  i)rincipal  geyser  basins  unite  to  form 
tie  Madison.  Falls  River,  a  i)icturesque  stream,  collects  the  largo 
drainage  from  the  Pitchstone  Plateau  and  the  southern  end  of  the  Madi- 
son Plateau,  and  leaves  the  i)ark  at  the  extreme  southwest  corner. 
Snake  River,  however,  drains  the  greater  j)art  of  the  country  on  the 
west  side  of  the  water-shed,  collecting  immense  bodies  of  water  com- 
ing from  the  northern  ends  of  the  Teton  and  Wind  River  Ranges  and 
the  southern  slopes  of  the  volcanic  plateau.  Taken  together,  these 
accumulated  waters  make  the  Snake  a  broad  river  before  it  leaves  the 
mountains. 

On  the  plateau,  upon  both  sides  of  the  water-shed,  occur  several 
large  bodies  of  water,  Yellowstone,  Shoshone,  Lewis,  and  Heart  Lakes 
being  especially  noteworthy  for  their  size  and  beauty.  Scattered  over 
the  country,  both  on  the  plateau  and  in  the  surrounding  mountains, 
are  numerous  smaller  lakes  and  ponds,  occupying  for  the  most  part 
shallow  basins  of  glacial  origin.  The  view  from  the  summits  of  either 
Mount  Sheridan  or  Mount  Hancock  presents  a  grand  and  picturesque 
scenery  of  diversified  forms,  and  a  country  so  dotted  over  with  lakes 
as  to  receive  the  appellation  of  the  lake  region  of  the  Park.  Thou- 
sands of  hot  springs  add  their  waters  to  the  cold  water  of  the  surface. 
Meadows,  marshes,  and  swampy  areas  characterize  the  entire  area  in 
strong  contrast  with  most  Rocky  Mountain  scenery.  These  lakes  are 
the  reservoirs  of  the  larger  streams.  The  Yellowstone  is  the  largest 
lake  in  North  America  at  so  high  an  elevation  (7,741  feet).  It  has  a 
surface  area  of  12 L  square  miles,  and  an  indented  shore-line  of  nearly 
100  miles.  Only  preliminary  soundings  have  as  yet  been  made,  but  over 
I  very  considerable  area  the  depth  is  known  to  be  more  than  250  feet. 
Less  than  G  miles  from  the  Yellov^rstone,  in  a  deep  depression  on  the 
plateau,  lies  Shoshone  Lake,  with  an  area  of  nearly  12  square  miles. 
A  short  distiince  to  the  southward,  at  the  west  base  of  Mount  Sheridan, 
occurs  Lewis  Lake,  measuring  4i  square  miles,  and  on  the  opposite  si<le 
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of  the  mountain  lies  Heart  Lake,  with  a  surface  area  of  3  square  miles. 
All  three  of  these  lakes  are  important  feeders  of  Snake  River. 

The  greater  part  of  the  Park  plateau  and  the  adjacent  mountains, 
more  especially  the  western  slope  of  the  Absaroka  Eange,  are  densely 
covered  with  timber.  After  a  careful  study  of  the  forests,  I  think  it 
may  be  safely  said  that  8d  per  cent,  of  the  area  of  the  country  is  forest- 
clad.  The  broad  bottoms  of  the  main  river  valleys,  the  steeper  mount- 
ain slopes,  the  meadows,' marshes,  and  geyser  basins,  and  the  tops  of 
ridges  above  timber-line,  comprise  the  timberless  areas.  Frequently 
the  broad  summits  of  the  higher  elevated  ridges  present  more  or  less 
barren  areas  due  to  the  almost  incessant  exposure  to  high  winds,  but 
over  the  greater  part  of  the  country  timber  line  ranges  from  9,600  to 
9,800  feet  above  sea  level.  Over  the  Park  plateau  the  timber  offers  a 
somewhat  monotonous  aspect,  with  little  variety  of  species.  Fully 
two-thirds  of  the  forest  trees  belong  to  one  species,  the  Black  Pine 
{Pinus  Murrayana),  a  straight,  slender  tree  which  rarely  attains  a  height 
exceeding  75  feet.  Frequently  it  occurs  only  a  few  inches  in  diameter,^ 
when  it  is  generally  known  as  "  Lodge  pole  "  Pine.  Next  to  the  Black 
Pine  comes  the  Balsam  {Abies  snhalpina),  which  also  covers  considerable 
areas,  most  frequently  on  steep  slopes  and  generally  on  moist  ground. 
Associated  with  this  last  species  is  found  the  Spruce  {Picea  JEngelmanni), 
more  abundant,  however,  on  the  slopes  of  the  Absaroka  Eange  than 
over  the  plateau.  The  grandest  tree  of  the  region  is  the  Douglas, 
or  Red  Fir  {Pseudotsuga  Douglasii),  which  occurs  scattered  over  the 
Park,  more  especially  in  the  neighborhood  of  Mount  Washburn  and 
Specimen  Ridge.  The  only  other  species  common  enough  in  any  way 
to  characterize  the  forest,  or  to  call  for  special  mention,  are  the  Pinus 
Jlexilis,  and  its  associated  variety,  Pinus  albicaulis,  the  latter  widely 
distributed  in  the  southern  end  of  the  Park  at  high  altitudes,  where  it 
occurs  as  a  common  tree  on  the  slopes  of  Mount  Sheridan  and  Mount 
Hancock.  According  to  Mr.  Frank  Tweedy,  only  five  genera  and  eight 
species  of  coniferae  are  known  to  occur  within  the  i^resent  Park  limits, 
the  additional  species  being  the  Juniperus  communis  and  J.  Virginiana, 
both  found  over  very  limited  areas.  The  arborescent  growth  in  no  waj- 
equals  the  grand  forests  of  California,  Oregon,  and  Washington  Terri- 
tory, either  in  size  and  development  of  the  trees  or  in  the  quality  of 
the  wood.  It  is  in  general  stunted  in  growth,  and  furnishes  but  a  poor 
quality  of  timber  in  comparison  with  the  magnificent  forests  found  to  the 
westward.  Its  importance  to  the  nation  does  not  consist  in  its  market- 
able value,  but  rather  in  its  power  to  store  up  the  water  and  to  regulate 
the  flow  of  streams.  For  this  purpose  it  is  of  incalculable  value,  and 
quite  as  serviceable  in  its  way  as  the  timber  of  the  western  Cordilleras. 

The  life  of  the  forest  is  of  short  duration.  The  scanty,  gravelly  soil 
affords  at  best  but  slight  protection  to  the  roots  against  the  force  of 
the  winds  blowing  almost  incessantly  from  the  west,  as  is  only  too  well 
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shown  in  the  extensive  acreage  of  Allien  timber.  On  the  other  hand,  I 
know  of  no  region  throughout  the  Kooky  Mountains  where  the  condi- 
tions seem  so  favorable  for  a  young  growth.  During  the  five  years  that 
1  have  carefully  observed  the  forests  nothing  has  so  impressed  me  as 
the  rapid,  healthy  development  of  the  young  trees  which  in  a  few  years 
replace  the  down  timber.  In  most  instances  the  young  growth  be- 
longs to  Pinus  Murrayanaj  and  in  every  case  it  is  the  first  tree  to  spring 
up  over  a  burnt  district. 

I  need  not  enter  here  into  a  lengthy  discussion  of  the  influence  of 
the  forest  upon  the  supply  of  water.  I  simply  desire  to  call  your  at- 
tention to  the  special  advantages  of  the  Yellowstone  Park  forest  for 
maintaining  a  water  supi)ly  of  a  country  singularly  well  situated  to 
gather  and  distribute  a  large  annual  precipitation  of  moisture.  This 
uplifted  mountain  mass  measures  90  miles  in  length  by  GO  in  breadth. 
From  the  southwest  the  moisture-laden  winds  blowing  across  the  Mad- 
ison plateau  precipitate  immense  quantities  of  snow  and  rain  over  the 
cold,  wet  tableland.  Storms  gather  over  the  mountains  at  all  times  of 
the  year.  The  annual  precipitation  is  excessiv^e  as  compared  with  the 
adjacent  regions  of  the  Rocky  Mountains.  Rains  are  of  common  oc- 
currence between  May  and  September,  while  during  eight  months  of 
the  year  nearly  all  precipitation  falls  as  snow,  which  lies  upon  the 
ground  well  into  midsummer,  and  on  the  northern  slopes,  at  higher 
,  altitudes,  remains  throughout  the  year.  Frosts  occur  nearly  every 
I  week  during  the  summer,  and  observations  in  July  and  August  for  sev- 
\eral  seasons,  at  various  stations  over  the  plateau,  show  that  the  mini- 
mum thermometer  registers  below  40"  every  night. 

The  forests  exert  a  powerful  influence  in  sheltering  the  snow  fields, 
marshes,  and  meadows  from  the  direct  rays  of  the  sun  and  the  dry 
moisture-absorbing  winds  blowing  from  the  west.  Strip  the  plaleau  and 
mountains  of  timber,  and  early  freshets  would  soon  lay  waste  the  lower 
country  in  spring  and  leave  it  arid  and  parched  throughout  the  summer 
and  autumn.  Not  only  would  streams  diminish,  but  the  loose  gravelly 
soil  which  now  everywhere  covers  the  Park  would  rapidly  be  washed 
away,  layingbare  the  underlying  rocks.  Thesoil,  with  the  accompanying 
rootsand  grasses,  playing  the  part  of  a  sponge,  exert  a  powerful  influence 
in  maintaining  the  water  supply.  They  serve  to  keep  the  ground  cool 
and  moist  and  allow  the  water  to  percolate  slowly  from  the  surface  to  in- 
numerable springs  below  and  thence  to  the  reservoirs  of  the  great  rivers. 
With  a  view  of  determining  with  some  degree  of  accuracy  the  volume 
of  water  flowing  from  the  Park,  the  largest  lakes  and  streams  were  care- 
ftflly  gauged.  The  measurements  were  made  in  early  September,  188C, 
not  only  the  dryest  period  of  the  summer  but  the  dryest  8e«ason  known 
at  any  time  within  the  previous  five  years.  Evidence  was  ample  to 
show  that  Yellowstone  Lake  had  fallen  20  inches  below  high-water  mark 
of  early  July.  Measurements  were  made  of  the  discharge  from  the  lake 
at  a  point  on  the  river  about  one-quarter  of  a  mile  below  the  outlet 
24738— Bull  2 14 
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The  results  obtained  gave  a  rainiimim  ontflow'of  1 ,525  cubic  feet  per 
second,  or,  expressed  iu  other  words,  of  34,000,000  imperial  gallons  per 
hour.  Shoshone,  Lewis,  and  Heart  Lakes  poured  into  Snake  Kiver  104 
cubic  feet  per  second.  With  few  exceptions  all  the  principal  rivers 
leaving  the  Park  were  gauged  and  the  discharge  from  the  others  care- 
fully estimated,  taking  as  a  basis  the  number  of  square  miles  contained 
in  the  drainage  basin  and  the  flow  of  the  streams.  The  results  give 
what  may  be  considered  as  approximately  the  minimum  discharge  from 
the  Park — a  volume  of  water  equal  to  1  cubic  foot  per  second  per  square 
mile  over  an  area  somewhat  more  than  4,000  square  miles;  or  as  Dr. 
Hallock,  of  the  U.  S.  Geological  Survey,  who  supervised  the  gaugi  ng  of  the 
streams,  has  stated  it,  "  an  amount  of  water  which  v"0uld  make  a  river 
5  feet  deep  and  190  feet  wide,  with  a  current  of  3  miles  per  hour."  For 
a  region  bordering  on  the  arid  plains  to  the  eastward  this  is  certainly 
an  excessive  amount. 

According  to  Humphreys  and  Abbott,  the  mean  annual  discharge 
from  the  Mississippi  River  at  its  mouth  amounts  to  075,000  cubic  feet 
per  second  from  a  drainage  basin  of  1,147,000  square  miles.  This  gives 
.53  cubic  feet  per  second  per  square  mile,  or  a  trifle  more  than  one  half 
the  minimum  estimate  for  the  Yellowstone  Park  country.  Surely  is  it 
not  one  of  the  treasures  of  the  nation,  to  be  carefully  guarded  in  every 
possible  way  ? 

If  the  broad  valley  of  the  Lower  Yellowstone  from  Glendive  to  Liv- 
ingston is  ever  to  be  occupied  by  an  agricultural  population,  they  will 
at  no  distant  day  need  all  the  water  flowing  from  the  sources  of  the 
river  for  purposes  of  irrigation.  In  the  Gallatin  Valley,  the  finest 
wheat  region  in  Montana,  the  hard-working  farmers  are  already  quar- 
relling over  the  distribution  of  the  water  running  into  their  inadequately 
supplied  irrigating  ditches,  while  the  equally  industrious  wood-chopper 
is  busily  cutting  away  the  timber  from  the  headwaters  of  the  streams 
in  the  mountains. 

In  another  way  this  broad  forest-protected  reservoir  is  singularly 
well  situated  to  be  of  incalculable  service  to  the  nation.  Throughout 
the  summer  the  prevailing  dry  winds  from  the  west  in  their  passage 
across  this  moist  mountainous  region  absorb  immense  quantities  of  water 
ready  under  favorable  conditions  to  be  again  precipitated  over  the 
agricultural  and  grazing  lands  to  the  eastward.  In  camping  near  tim- 
ber line  for  weeks  at  a  time,  I  have  never  failed  to  be  Impressed  with  the 
absorbing  powers  of  these  winds,  the  effect  of  which  may  be  seen  upon 
the  snow  fields  any  hot  summer  day.  The  melting  of  the  snow  and  the 
running  down  of  the  water  frequently  appears  inconsiderable  as  com- 
pared with  the  absorbing  power  of  the  hot,  thirsty  winds.  Where  all 
the  available  lands  on  the  Great  Plains  is  being  taken  up  for  settlement 
by  a  rapidly  advancing  civilization,  the  economic  distribution  of  the 
Park  waters  is  a  question  of  the  utmost  importance  to  the  nation. 

It  is  proposed  to  extend  the  boundaries  of  the  Yellowstone  Park  to 


211 

the  south  aud  east  so  as  to  include  a  dense  forest  region  aboundiug  in 
mountain  torrents,  the  headwaters  of  the  Yellowstone  and  Snako  Rivers. 
At  the  time  the  Park  was  set  aside  by  act  of  Congress  in  1872  but  little 
was  known  of  the  region  and  its  relations  to  the  adjacent  country,  and 
still  less  was  its  real  value  appreciated  as  one  of  the  nation's  most  avail- 
able reservoirs.  This  proposed  enlargcMuent  embraces  all  the  water 
draining  into  the  Yellowstone  river  and  lake  from  the  Absaroka 
range  and  all  aHluents  of  the  Snake  from  the  northern  spurs  of  the 
Grand  Tetons  and  Wind  liiver  range.  To  accomplish  this  enlargement 
necessitates  placing  the  boundaries  25  miles  farther  to  the  eastward 
and  0  miles  to  the  southward  of  the  present  lines.  By  this  addition  to 
tlie  domain  of  the  Park  the  headwaters  and  limber  areas  around  Soda 
Butte,  Cache  Calfee,  Miller,  and  the  Lamar  liivers  on  the  west  side  of 
the  range,  aud  Crandall,  Sunlight,  and  Dead  Indian  Creeks,  tributaries 
to  Clark  Fork  and  the  Stinking  Water,  an  affluent  of  the  Big  Horn, 
which  ultimately  drains  into  the  Yellowstone,  on  the  east  side,  will  fall 
within  the  reservation. 

Unless  protected,  encroachment  will  soon  be  made  upon  this  valuable 
inheritance  of  the  nation.  IS^o  serious  difficulties  arise  against  placing 
this  additional  territory  within  the  Park  forever.  If  timber  lands  near 
the  sources  of  our  large  rivers  are  to  be  carefully  guarded  by  nation  id 
legislation  there  is  no  better  place  to  begin  the  work  than  right  here  at 
the  headwaters  of  the  Yellowstone  and  Snalje,  which  send  their  waters 
from  the  heart  of  the  continent  to  both  the  Atlantic  and  Pacific. 
Very  truly,  yours, 

Arnold  Hague. 

Prof.  B.  E.  Fernow, 

Forestry  Division, 

Department  of  Agriculture,  WasMng.on. 


SUMMARY  OF  LEGISLATION  FOR  THE  PRESERVATION  OF  TIMBER 
OR  FORESTS  ON  THE  PUBLIC  DOMAIN. 


ByN.  H.  Egleston, 

Forestry  Division. 


The  earliest  action  of  the  General  Government  having  regard  to  the 
preservation  of  timber  was  in  1799,  when  Congress  appropriated  $200,000 
for  "  the  purchase  of  growing  or  other  timber,  or  of  lands  on  which  tim- 
ber is  growing,  suitable  for  the  Navy,  and  for  its  preservation  for  future 
use."  The  special  object  of  this  legislation  was  to  secure  a  supply  of 
Live-Oak  timber,  which  was  considered  peculiarly  valuable  for  ship-build- 
ing and  was  in  great  demand  for  that  purpose,  both  at  home  and  abroad, 
while  its  growth  was  confined  to  a  limited  portion  of  our  territory  in  the 
vicinity  of  the  Gulf.  Two  small  islands  on  the  coast  of  Georgia,  con- 
taining together  about  2,000  acres,  were  purchased  under  the  act  of 
1799.  Another  act  (Revised  Statutes,  section  2458),  having  the  same 
object  in  view,  was  passed  in  1817,  by  which  the  Secretary  of  the  Navy 
was  directed  to  cause  lands  producing  Live  Oak  or  Red  Cedar  to  be 
explored,  and  to  have  selections  made  of  tracts  necessary  to  furnish  for 
the  Navy  a  sufficient  supply  of  suc^i  timbers.  Under  this  act  19,000  acres 
in  Louisiana,  which  had  recently  become  ours  by  purchase  from  France, 
were  reserved. 

Additional  enactments  were  made  in  1820  and  1827,  by  which  the 
selection  of  lands  to  bo  reserved  was  intrusted  to  the  surveyor  of  Pub- 
lic Lands  in  place  of  agents  appointed  by  the  Secretary  of  the  Navy, 
and  the  President  was  authorized  to  withhold  such  lands  from  sale. 

In  1822,  an  act  was  passed  (Revised  Statutes,  section  2400),  authoriz- 
ing  the  President  to  employ''  the  land  and  naval  forces  so  far  as  neces- 
sary eftectually  to  prevent  the  felling  or  other  destruction  of  timber  in 
Florida,  and  to  take  such  other  measures  as  might  be  deemed  advisable 
for  the  preservation  of  timber  there.  (Florida  had  recently  been  ceded 
to  the  United  States  by  Spain,  and  was  known  to  abound  in  Live-Oak 
timber.) 

In  1831,  an  act  was  passed  (Revised  Statutes,  sections  2461,  2462,  and 
2463)  of  wider  scope  than  that  of  1822.  This  made  it  a  felony,  with 
penalty  of  fine  and  imprisonment,  to  cut  or  remove  timber  from  any  of 
the  public  lands,  whether  reserved  or  not,  except  for  the  use  of  the 
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Navy,  and  subjected  any  vessel  transporting  such  timber  without  proper 
authority  and  for  any  other  purpose  than  for  the  use  of  the  Navy,  to  con- 
fiscation and  the  master  ot  the  vessel  to  a  fine. 

This  act  is  the  one  under  which,  up  to  the  present  time,  all  the  pro- 
tection they  have  had  has  been  secured  to  the  public  forests,  the  Su- 
preme Court  having  construed  the  act  (9  How.,  351)  as  authorizing  the 
protection  of  all  timber  on  the  public  lands,  and  punishment  for  tres 
pass  upon  the  same.  Under  the  act  of  1831,  the  Treasury  Department 
undertook  a  partial  oversight  and  protection  of  timber  on  the  public 
lands  through  its  ordinary  agents.  In  1855  this  oversight  was  trans- 
ferred to  agents  of  the  Land  Department,  registers  and  receivers  being 
instructed  to  act  also  as  timber  agents,  but  without  any  additional 
compensation.  Where  trespass  was  willfully  committed,  payment  of 
stumpage  was  demanded  or  the  timber  was  seized  and  sold  and  the 
proceeds  paid  into  the  Treasury.  Where  the  trespass  was  committed 
ignorantly,  actual  entry  of  the  land  only  was  required,  with  payment 
of  the  usual  entrj^  charges. 

The  first  appropriation  for  the  payment  of  agents  specially  employed 
for  the  protection  of  timber  on  the  public  lands  was  made  in  1872,  when 
$5,000  were  appropriated.  A  like  sum  was  appropriated  annually 
thereafter  for  five  years.  In  1878,  to  meet  expenses  for  suppressing 
depredations  upon  timber  on  the  public  lands,  $25,000  were  appropri- 
ated. Subsequent  appropriations  for  this  purpose  are  noticed  in  another 
place. 

The  following  synopsis  shows  the  course  of  legislation  by  the  Gen- 
eral Government  in  behalf  of  the  forests  and  timber  lands  since  the 
passage  of  the  act  of  1831. 

It  will  be  noticed  that,  with  the  exception  of  the  acts  of  1876, 1878, 
1880,  and  1883,  none  of  the  many  bills  which  have  been  proposed  have 
been  given  the  form  of  law.  But  the  failures  to  secure  legislation  may 
be  as  instructive  and  as  important  in  a  correct  history  of  forestry  in 
our  country  as  the  record  of  successes.  This  will  justify  the  somewhat 
extended,  though  not  exhaustive,  list  of  bills  here  given  : 


Year. 


1871 


Congress. 


House  in  -whicb 
originated. 


Object  of  bill. 


Action  taken. 


4l8t,  3d  sess. 


1871      4l8t,  3d  8088. 


1871  i  42d,  Ist   6CSS. 

i  ' 

1872  I  42d,  2d    seas,  j 


H.  R.  2030, 
Sargent 

H.  B.  3005, 
Sargent. 


II.  K.  274, 
Garflelde. 

n.  R.  2197, 
Haldeman. 


For  the  sale  of  timber  lands  in 
California  and  Oregon. 

To  aiithorizo  tbe  sale  of  timber 
lands  in  California,  Oregon,  and 
Wasliiugton  Territory,  not  ex- 
ceeding 040  acres  to  one  person 
or  association,  witbont  resi- 
dence, at  $2.50  per  acre. 

Same  as  the  preceding 


To  rnconrage  tbe  planting  of  trce.t 
and  the  preservation  of  womtii 
on  tlie  public  domain.  <Tlio 
flratroalandoomprekeMire  for- 
utrjr  bUL) 


Referred  to  Committee  on 
I'ublic  Lands. 

Passed  in  House.  In  Sen- 
ate referred  to  Commit- 
tee on  Public  Lands. 


Referred  to  Committee  on 
Public  Lands. 

Referred  to  Committee  on 
Agriculture.  Reported 
favorably.  Failed  of  pas- 
sag*— 81  ytaa,  87  nays. 


214 


rear. 

Congress. 

Honso  In  which 
origiuatod. 

Object  of  bUl. 

Action  taken. 

1872 

42d,   'Jd    8i'8s. 

Resolution  that  the  Coniniittco  on 
Agriculture  inquire  whether  a 

No  action. 

-  certain  ixrccntage  of  each  quar 

• 

ter  section  of  public  lands  sold 

nniHt  be  planietl  with  trees  or 

a  certain  percentage  of  existing 

forests  preserved  for  the  pur- 

poaeof  prcvoutiugor  remedying 

drouth. 

1873 

3d,  1st   BOSS. 

H.  R.  410, 
Page. 

Same  as  Garfieldc  bill  (274)  above. 

Referred  to  Committee  on 
Public  Lands.  June  3, re- 
ported back  with  amend- 
ments and  recommitted. 
December.l874.H.  R.  bill 
4194  reported  by  commit 
tee  as  substitute.  Passed 
February  22,  1875.  In 
Senate  February  22,  re- 
ferred to  Committee  on 
Public  Lands. 

1874 

43d,  Ist  sess. 

Senate  471, 

For  the  survey  and  disposal  of 

Referred  to  Committee  on 

Boutwell. 

the  timber  lands  of  the  United 
States.   Miners  may  buy  stump- 
age,  not  more  than  ICO  acres,  till 
that  is  cut,  at  $2.50  per  acre. 
Homesteaders  ra  ay  buy  40  acres 
of  timber  land  near  agricultural 
land  at  same  price. 

Public  Lands.  Reported 
with  amendments. 

1874 

43d,  Ist  seas. 

IT.  II.  2497. 

For  the  appointment  of  a  commis- 

Referred to  Committee  on 

Hei'iidon. 

sion   for  inquiry   into  the   de- 
struction of  forests  and  into  the 
nica-^ures  necessary  for  the  pres- 
ervation of  timber. 

•  Public  Lands.  Reported 
back  with  H.  R.  2540  as  a 
substitute. 

1874 

43d,  1st  8C8S. 

n.  li.  2540, 

For  the  appointment  of  a  commis- 

Reported by  Committee  on 

Dunuoll. 

sioner  to  inquire  into  the  de- 
struction of  forests  and  into  the 
measures  necessary  for  the  pres- 
ervation of  timber. 

Public  Lands  as  a  substi- 
tute for  preceding  bill,  H. 
R. 2407. 

1875 

43d,  2d    8CS8. 

U.  K.  4430, 

To  regulate  the  survey  .and  .sale  of 

Referred  to  Committee  on 

Avorill. 

the  timber  lands  of  tlie  United 
States.     Commissioner   of  the 
Land  Office  to  survey  and  ap- 
praise lands  more  valuable  for 
their  timber  than  for  agricultu- 
ral use.    Such  lands  not  to  bo 
entered  under  homestead  or  pre- 
emption laws,  but  appraised  and 
otfercd  at  public  sale,  and  if  not 
sold  then  to  be  open  to  private 
entry  at  a  price  not  less  than 
the  appraisal. 

Public  Lands. 

1875 

44tli,  Ist  sess. 

IT.  R.  323, 

To  regulate  the  survey  and  sale  of 

Referred  to  Committee  on 

Duuuell 

the  timber  lands  of  the  United 
States.    Same  bill  as  the  pre- 
ceding. 

Public  Lands. 

1875 

44lb,  Ist  sess. 

Soiia(o2, 

To  repeal  section  2303  of  the  Re- 

Referred to  Committee  on 

Clayton. 

vised  Statutes,  thereby  opening 
limber  lands  in  Southern  States 
to  private  entry  in  unlimited 
.luantities  and  at  the  reduced 
price  of  $1.25  per  acre. 

Public  Lands.  Reported 
back  and  passed.  In  11.1'. 
referred  to  Committee  on 
Public  Lands.  Pa-ssed 
H.  R.  and  became  a  law 
July  4,  1870,  through  in- 
action of  the  President. 

1875 

44t]i,  1st  BOSS. 

Senate  6, 

For  sale  of  timber  lands  in  Cali- 

Referred to  Committee  on 

Kdley. 

fornia,  Oregon,  and  the  Territo- 
ries.     Same    as  previous  bills 
with  similar  title. 

Public  Lands.  Passoil 
Senate  February,  187<!. 
In  H.  R.,  February,  187(i, 
referred  to  Committee  on 
Public  Lands.  March, 
1877,  House  refused  to 
suspend  rulea  aad  pass 
the  bill^ 
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Year. 


1870    44th,  Ist  seas 


1870  I  4itb,  l8l  sess. 


1S>7G     44tli,  iPt  sosa. 


Bouse  in  which 
originated. 


H.  R.  600, 
Maginuis. 


n.  R.  1191, 
Saj'lcr. 


II.  R.  1310, 
Puuuell. 


Object  of  hill. 


For  the  snio  of  the  tiniUor  IiiikIr 
in  tlio  TorriturleH.  Lands  vain- 
able  fur  timber  but  not  for  cul- 
tivation to  be  sold  at  $2.5U  per 
acio,  not  inoi-e  than  40  acres  to 
one  person. 

To  regulate  the  survey  and  sale  of 
the  timber  lands  of  the  l^nit^d 
States.  Lands  valuabh-  chietly 
for  timber  not  to  be  .subject  to 
entry  under  pre-emption  or 
homestead  laws,  but  to  bo  ap- 
prai.scd  and  .sold  at  not  less  than 
the  ap])rai8ed  value. 

For  the  appointmeut  of  a  commis- 
sion, etc.  Same  as  prccedii4g 
bill  (H.  JJ.  25t0). 


\ 


1877 


1877 


1877 


4jtll.  1st  SC8S. 


45tb,  1st  sess. 


43th,  1st  scsa. 


n.  K.  2075. 
Fort 


n.  R.  797, 
Ma"iuuis. 


n.  R.  1154. 
Pacbcco. 


H.  R.  1525, 
Ilerbcrt. 


Action  taken. 


RctVrred  to  (,'onimiltee  un 
Public  Lanils. 


Referied  to  Committee  on 
Public  Lands.  Reported 
with  ameodmeuts  and 
recommitted. 


Referrod  to  Committee  on 
Public  Lauds.  No  oppor- 
tunity was  ail'orded  for 
regularaction  on  the  hill, 
but,  on  motion  of  Mr. 
Dunnell,  the  substance 
of  it  wag  added  as  an 
amendment  to  the  cen- 
eral  appropriation  bill, 
and  became  a  law  An- 
gust,  1877.* 

Eeferred  to  Committee  on 
Public  Lands. 


Referred  to  Committee  on 
Public  Lauds. 


Referred  to  Committee  on 
Public  Lands. 


Referred  to  Committee  on 
Public  Landa. 


1870    44th,  Ist  sess.      U.  K.  2075,    I  For  the  preservation  of  the  forests 

ai^aoent  to  the  sources  of  nsv- 
igable  rivers  and  other  streams. 
Such  timber  lauds  to  be  with- 
drawn from  .sale  and  a  commis- 
sion to  determine  what  should 
be  reserved  so  as  to  prevent 
scanty  supply  of  water. 

For  the  sale  of  timber  lands  in  the 
Territories.  Same  as  bill  (660)  of 
Mr.  Masinnis  in  Forty-fourth 
Congress. 

To  regulate  the  survey  and  sale  of 
timber  lands  of  the  Uuitetl 
States.  Same  as  bills  in  the  For- 
ty-tiiird  and  Fortyfourth  Con- 
gresses. 

To  put  into  niirket  certain  tim- 
ber lands  of  the  United  States. 
Decl.iring  subject  to  entry,  in 
any  quantity,  all  public  timber 
lands  in  Alabama,  Louisiana, 
and  Minnesota,  which  have  been 
subject  to  entry  in  limited  quan- 
tities for  twenty  years,  and 
after  entry  of  such  lauds  to  be 
no  prosecution  for  trespass  or 
tiniber  cutting. 

n.  R.  2658,       To  provide  for  the  entry  of  unsur- 
Maginnis.  veyed  timber  lands. '  Allowing 

the  owner  of  a  mine  to  take  160 

acres  of  timber  land  for  every 

20  acres  of  mineral  land  owned 

by  him,  and  the  owner  of  agri- 
cultural land  40  acres  for  every 

quarter  section,  and  for  every 

$20,000  expended  on  a  mill  or 

furnace  040  acres  may  be  taken 

at  $2.50  per  acre. 

*  By  this  enactment  the  C?oniniis!>ioner  of  Agricultnro  was  directed  to  appoint  .-»  competent  person 
t  make  (lie  conti-midatr-d  in(|iiiries  and  inve.-tigations.  The  Commi.ssioner  ap|>oint<Hl  for  this  work 
Ir.  F.  15.  ilitii^h,  :iiid  the  jtroseculion  of  the  work  led  to  the  ostubllshiiimit  of  tin-  Forestry  Division 
III  the  I>i-p:irtnieiil  of  Agrii-iilturo.  Tim  result  of  Mr.  Hough's  in(|Uiries  has  bi-en  ]>ulilished  in  three 
^iilunii's.  The  woik  begun  by  him  has  been  continued  by  his  succrssurs  in  charge  of  the  Forestry 
)ivi.siun,  so  f;ir:is  the  Hm:ill  aiioropriatiou  made  by  Ci>ugre«s  for  tbe  purpose  wouhl  allow,  and  adui 
ioual  reports  huvo  been  pubiibbcd. 


1878  I  45tb,  2d  sess. 


Referred  to  ('ommittee  on 
Public  Lands. 
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Tear. 


1878 


1878 
1878 


1878 
1878 


1879 


187U 

1880 
1880 

1880 
18£0 

1880 


1882 


Congress. 


4Sth,  2d  sesB. 


45tli,  2(1  8C8S. 

45th,  2(1  8C88. 

45tli,  2d  seas. 

45tli  2d  8C8S. 


House  in  which 
oii^iuated. 


n.  R.3g8i, 

Patterson. 


Object  of  bill. 


Senate  920, 
Sargent. 


n.  R.  3800, 
Wren. 


Senate  20, 
Chaflee. 


45th,  3d  eess.        H.  K.  C087, 
Oucnell. 


46th,  Ist  BOSS. 


H.  K.  1164, 
Dunnell. 


46th,  2d  aess.         II.  R.  6321, 
I       Carlisle. 


40th,  2d  8CSS. 


46t.h,  2d  sess. 


4Cth,  2d  scss. 


4Gth,  2d  sess. 


47th,  Ist  sess. 


n.E.  0340, 
Downey. 


Senate  1812, 
Coke. 

n.  11.6371, 
nooker. 


H.  11. 1816, 
Herbert. 


Senate  760, 
TcUar. 


Withdrawing  lands  chiefly  valua- 
ble for  timber  from  entry  under 
iiro-cinptioii  or  liomestcad  laws. 
Such  lands  to  be  surveyed  and 
divided  into  "timber  lands''  and 
"mineral  timber  lands."  On  ilie 
latter  tlie  timber  only  to  besold. 
Timber  lands  to  be  a])prai8od 
and  sold  by  coinmissiouers. 
Such  lands  as  are  needed  foi 
irrigation  purposes  to  be  with- 
held from  sale. 

$25,000  appropriated  to  siippress 
depredations  on  jmblic  timber. 

Allowing  sale  of  timbor  lands  un- 
til for  cultivation  in  California, 
Oregon,  Nevada,  and  AVasliing- 
ton  Territory  at  f2.  50  ^)er  acre. 
No  one  person  or  association  to 
enter  more  than  160  acres. 

Bill  similar  to  next  below 


Action  taken. 


Reported  by  Committee  on 
Public  Lands  as  a  sub- 
stitute for  sevei-al  bills 
Itccommitted. 


Keferred  to  (Committee  on 
Public  Lauds.  Passed 
Senate.  Keported  to  and 
])as8ed  II.  U.  Approved 
by  President  June  3. 


Allowing  residents  of  Colorado, 
Nevada,  and  other  Territories, 
and  all  mineral  districts,  to  fell 
and  remove,  for  building  and 
other  domestic  purposes,  trees 
on  mineral  lands. 

To  regulate  llie  survey  and  .<ale  of 
timber  lands.  Same  as  bill  pre- 
sented December,  1875  (H.  R. 
323), providing  tliat  timber  lands 
more  valuable  for  lumber  than 
for  agricultural  purposes  be  re- 
served from  entry  under  home- 
stead or  pre-emption  laws,  ap- 
E raised,  and  sold  to  highest 
idder,  but  not  for  less  than  ap- 
prai.sement. 

To  regulate  the  survey  and  sale  of 
timber-lands  of  the  United 
States.    Same  as  last  bill  above. 

To  prevent  depredations  upon  tim- 
ber in  the  Indian  Territory. 

Authorizing  citizens  of  Colorado, 
Nevada,  and  the  Territories,  to 
fell  and  remove  timber  on  the 

Sublic  domain,  for  mining  and 
omestic  purposes.    Extending 
the  act  of  June,  1878. 

Topreventdepredations  upon  tim- 
ber on  Indian  reservations. 

To  prevent  depredations  upon 
timb.  r  on  Indian  reservations. 
Same  as  last  bill  above. 

Act  condoning  trespass  on  public 
lands  prior  to  March,  1879.  Per- 
sons against  whom  suits  were 
pending  prior  to  that  date  to 
enter  lands  trespassed  upon  and 
pay  accrued  costs,  thereupon 
suits  to  bo  discontinued.  A. 
same  time  price  to  be  paid  foi 
lands  to  be  i  educed  from  $2.  r)0 
to  .$1.25. 

For  the  classification  of  the  pub- 
lic lands  in  Colorado  and  the 
sale  of  timber  thereon.  The 
Secretary  of  the  Interior  to 
regulate"  the  sale,  and  may  ro- 
eerve  timber  on  head-waters  of 
streams  and  ou  mountaio*.  [ 


Referred  to  Coturaittee  on 
Public  Lands. 

Referred  to  Committ«o  on 
Public  Lands.  Amended 
and  passed  by  Senate. 
Passed  H.  R.  and  signed 
by  President  Juno  3. 


Referred  to  Committee  ou 
Public  Lands. 


Referred  to  Committee  on 
the  Public  Lands. 


Referred  to  Committee  on 
Indian  Affairs. 


Referred  to  Committee  on 
the  Public  Lands. 


Reported  fiom  the  Commit- 
tee on  Indian  A tl'airs. 

Referred  to  ('ommittee  on 
Indian  Affairs. 


Api)roved  by  t  ho  President 
Juno  15,  l'880. 


Referred  to  Committee  ou 
Public  Lauda. 


I 
r 


T««r. 


Congress. 


!  House  in  which 
I     orijpnated. 


lf>82  I  47th,  1st  8C8S.       Si'iiatp  IGll, 
TelKr. 
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Object  of  bill. 


\ 


1882     47tb,  l8t  sess.  '    Senate  182C, 
SLerman. 


1882     47th,  Ist  8C88.        H.  B.  631 5. 
I  Bntterwortb. 


1882     47th,  2a  8088.        n.R.6997, 
I        Strait. 


1883  1  47th,  2d  sesa.  ;      D.  K.  7509, 
Dwight. 


1883     47th,  2(1  setts.       Senat«249C, 
Tabor. 


1883 


47tb,  2d  8C88. 


1883     48tb,  Ist  SC88. 

1 

I 
1883     48th,  Ist  sess. 

! 

I 

1883  48lli,  l8t  SPSS. 
1883  48tb,  lat  scss. 
1881  i  48tb,  Ist  sees. 


H.  R.  4757. 


I 


H.  R.  832, 
Strait. 


Senate  1258, 
Sherman. 


H.  R.4811, 
Hatch. 

H.  R.  020C, 
Dcuster. 

Senate  l.'Vlt, 
Dawes. 


To  amend  act  of  1878,  so  as  to  al- 
low any  one  in  Western  States 
and  Territories  to  remove  tim- 
ber from  mineral  lands  for  any 
purpose,  under  rules  and  regu- 
latiuns  of  tlio  Secretary  of  the 
Interior  and  payment  of  $2. 50 
peracre  for  the  timber.  Notim- 
i>er  to  be  cut  by  mill-owners  or 
lumber  mannfocturers. 

For  t'je  preservation  of  woods  and 
forests  adjacent  to  sources  ot 
naviftablorivei-s.  Same  as  bill 
introduced  in  H.  R.  1st  se-ssion. 
Forty-fourth  Congress. 

For  the  preservation  of  woods,  etc. 
Same  as  Senate  bill  next  above- 


To  provide  for  the  classification 
and  disposition  of  pine  t)ml>er- 
lands.  Such  lands,  chiefly  valu- 
able for  their  timber,  not  to  bo 
subject  to  pre-emption  or  home- 
stead entry,  but  to  Ite  appraised 
by  the  Secretary  of  the  Interior, 
and  sold  from  time  to  time  at 
public  sale,  for  not  less  than  two- 
thirds  the  appraisement.  Min- 
eral lauds  exempt  from  the  .act. 

To  regulate  the  sale  of  the  tim 
ber-Iands  of  the  United  States. 
Similar  to  last  bill  above,  but 
lands  remaining  unsold  to  be 
subject  to  private  entry  at  the 
appraised  value. 

For  the  protection  and  preserva- 
tion of  "the  forests  of  the  United 
State.s.  One  hundred  thousand 
dollars  to  Xte  appropriated  to 
Colorado  for  the  establishment 
of  an  experiment  station  under 
the  direction  of  the  Department 
of  Agriculture. 

Act  to  exclude  the  public  lands 
in  Alabama  from  the  operation 
of  laws  relating  to  mineral  lands. 
(In  reality  an  act  to  sell  all  min- 
eral lands  in  Alabama  as  agri- 
cultural laud-^,  at  private  sale, 
in  unlimited  quantities,  and  at 
the  reduced  rate  of  $1.25  per 
acre,  to  citizens  or  aliens.) 

For  the  classification  and  disposi- 
tion of  pine  timber-lands.  Same 
as  above  bill  presented  in  Forty- 
seventh  Congress. 

For  the  preservation  of  woods  and 
forests  adjacent  to  sources  of 
navigable  livers,  etc.  Same  as 
bill  in  Forty -seventh  (Jongress. 

For  the  preservation  of  woo<Is. 
etc.    Same  as  last  bill  above. 

For  the  preservation  of  woods, 
etc.    Same  as  last  bill  above. 

To  j)revt'nt  ciittiug  of  timber  on 
military  or  Indian  reservations. 


Action  taken. 


Referred  to  Committee  on 
Public  Lands. 


Referred  to  Committee  on 
Agriculture. 


Referred  to  Committee  on 
Agriculture. 

Referred  to  Committee  on 
the  Public  Lands. 


Referred  to  Committee  on 
the  Public  Lands. 


Referred  to  Committee  on 
Appropriations. 


Approved  by  the  President 
March  3, 1883. 


Referred  to  Committee  on 
the  Public  Lands. 


Referred  to  Committee  on 
Agriculture. 


Referred  to  ('ommittco  on 
Agiiculture. 

Referred  to  f  Committee  on 
Agriculture. 

Referred  to  (Committee  on 
Indian  Atfuirs.  Passed 
in  Senate  April  23.  In 
U.  R.  referred  to  Com- 
Bolttoe  on  Indian  Afiain. 
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Year. 


1884 


1881 


1884 


1385 


11:85 


1885 


1><85 


1886 


1887 


48tb,  1st  sesH. 


48tli,  Ist  8C83. 
48tb,  2d  S0S8. 


49Ul,  1st  8688. 


40tl],  1st  SC88. 


40tll,  Ist  8688. 


49th,  l8t  8C88. 


49tb,  1st  scss. 


49tb,  1i\  8es8. 


House  iu  wbicb 
oriiiiDated. 


J      1888 


T'Olb,  1st  8688. 


S(^i)ittell88 
(.Cameron. 


Senate  18?4, 
Edtuuu'is. 


Senate  2451, 
Miller. 


Senate  581, 
Edmunds. 


H.  R.  379, 
Payson. 


H.  R.  2946, 
natch. 


Senate  551, 
Sherman. 


II.  R.  5553, 
Gates. 


n.  R.  10130, 
Markhaiu. 


H.  R.  6045, 
S.  V.Wbitc. 


Object  of  bill. 


Action  taken. 


Fdr  the  jirotection,  presovvation, 
anil  nxtenaioii  of  tlio  forests  of  | 
the  United  Stute.s.  To  estab-  | 
lish  an  esyierinient  station  in 
connection  with  tlie  Department 
of  Agricnlture,  wcstof  tlie  Mis- 
8iAsii)pi  River.  To  propagate 
and  distril)uto  forest  ti-eea,  in- 
vestigate qualities,  t  inie  of  grow- 
ing, profit,  etc.  One  luindred 
thousand  dollars  appropriated. 

Act  to  establish  a  forest  reservfi- 
tion  on  tlio  bead-waters  of  the 
Missouri  and  Columbia  Rivers. 

For  tiio  protection  of  forests  on 
the  public  domain.    "Withdraws 
all  timber  land  from  sale  under 
existinglaws.     Forest  Connnis-  | 
sion  to  bo  appointed  to  examine  i 
and  classify   forest  lands   and  | 
determine  what  should  be  per-  i 
maneutly  reserved.    Timl)er  on 
reserved  lands  to  be  sold  under 
direction  of  the  Commissioner  | 
of  the  Land  Office. 

To  establish  a  forest  reservation 
in  Montana.  Same  as  bill  S. 
1824,  in  Forty-eighth  Congress. 


To  repeal  act  of  1878,  for  the  sale  ' 
of   timber-lands  in    California, 
Oregon,  Nevada,  and  Washing- 
ton Territory. 

For  the  preservation  of  woods  and 
forests  adjacent  to  sources  of 
navigable  rivers,  etc.  Samo  as 
bill  oflered  in  Forty-eighth  Con- 
gress. 

For  the  preservation  of  woods  and 
forests  adjacent  to  sources  of 
navigable  rivers,  etc.  Same  as 
l)ill  next  above. 

To  define  and  punish  the  oft'ense 
of  setting  fire  to  woods  or  for- 
ests belonging  to  the  United 
States. 


For  the  protection  of  forests  in 
California.  To  withdraw  from 
sale  Government  forest  lands  in 
Culifornianotsuited  to  agricult- 
ure. Such  lands  not  to  be  alien- 
ated from  tlie  Government,  but 
to  bo  jdaced  temporarily  under 
the  management  of  the  forest 
commissioners  of  California. 
Fil'ty-tliousanrt  dollars  appropri- 
ated to  carry  out  the  act. 

For  the  protection  and  adminis- 
tration of  the  forests  on  the  pub- 
lic domain.  Provides  for  the 
classification  of  forest  lands,  the 
leservation  of  a  proper  amount 
of  forest  land  from  sale,  the  tim- 
ber on  the  fame  aloiu!  being 
sold  under  direction  of  forest 
commissioiieis  to  bo  appointed, 
who  are  to  have  entire  manage- 
ment of  the  ]>ul)lic  forests.  Tim- 
ber lands  not  necessary  for  res- 
ervation to  be  sold. 


Referred  to  ('omniittee  on 
Agriculture  and  For- 
estry. 


Pa.ssed  Senate  June  1884, 
In  House  printed. 


Referred  to  Committee  on 
Agriculture.  Reported 
favorably. 


Referred  to  Committee  on 
Agriculture.  Reported 
favorably.  Passcn  Sen- 
ate. In  H.  R.  on  calen- 
dar. 

Referred  to  (louimitteo  on 
the  Public  Lands. 


Referred  to  Committee  on    j 
Agriculture. 


Referred  to  Committee  on 
Agriculture. 


Referred  to  Committee  on 
Judiciary.  Reported  at 
second  session,  with 
amendments,  and  placed 
on  the  Calendar. 

Referred  to  ('ommittee  on 
Public  Lands.  Reported 
favorably. 


Referred  to  Committee  oo 
Public  Lands. 
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Year. 


Congress. 


1888 


18S8 


1888 


1SS3 


50th,  Ist  jaeas. 


50th,  Ist  sess. 


50th,  1st  soss. 


5Utb,  1st  8CS3. 


50tb,  1st  8CSS. 


Houso  in  which 
originated. 


Senate  1770, 
Uale. 


U.K.  1353, 
Weaver. 


U.  U.  7901, 
Hoi  man. 


Seonto  2510. 
Teller. 


Senate  2877 
Teller. 


Object  of  bill. 


For  the  protection  and  adtnini.s- 
tration  of  the  forests  on  the 
public  domain.  Same  as  II.  It. 
bill  6045  above. 


To  furthoramond  the  piiblic-luud 
laws,  and  lor  t  bo  preservation  of 
natnral  foro8t.s  on  tho  public  do- 
main, the  protection  of  water 
supply,  and  for  other  purposes. 

To  secure  to  actual  settlors  the 
public  lands  adapted  toagricult- 
uro,  to  protect  the  forests  on  tho 
public  domain,  and  -  for  other 
purposes. 


To  amend  act  authorizing  citizens 
of  Colorado,  Nevada,  and  the 
Territories  to  fell  and  remove 
timber  on  tho  public  domain  for 
mining  and  domestic  purposes. 

Authorizing  citizens  of  Colorado, 
Nevad."*,  and  tho  Territories  to 
fell  and  remove  timber  on  tho 
pnblic  domain  for  mining  and 
domestic  pur{>oscs. 


Action  taken. 


Kofcrred  to  Committee  on      ^ 
Agriculturo    and    For- 
estry. 


Referred  to  Committee  on 
Public  Lands. 


Ite|>orted  by  Committee  on 
Public  Lands  as  a  sub 
stitute  for  11.  K.  bill  No 
C045  and  other  bills  le 
lating  to  the  public  lands 
Passed.  In  Senate 
ferred  to  Committee  on 
Public  Lands. 

Referred  to  Committee  on 
Public  Lands. 


Referred  to  Committee  on 
Public  Lands. 


To  give  a  more  complete  view  of  the  action  of  the  Government  in  its 
I  icariugs  upon  forestry,  it  seems  proper  to  append  to  the  foregoing  syuop- 
-is  the  following  record  of  legislation,  actual, as  well  as  only  proposed: 


TIMBER  CULTURE  ACTS. 


Tear. 


Congress. 


House  in  which 
originatod. 


Object  of  biU. 


Action  taken. 


1873     42d,   2d    sess. 


1874 


1876 


4'Jd,  1st  sess. 


Senate  080, 
nitc-hcock. 


II.  R.  743, 
Dunnell. 


43d,  1st  sess. 


U.  R.  2427. 


To  encourage  the  growth  of  tim- 
ber on  Western  prairies.  A  per- 
son planting  40  acres  of  timbei* 
trees  on  Government  land  to  be 
entitled  to  100  acres  at  tho  ex- 
piration of  ten  years.  Tho  so- 
called  timbcr-cnltnrc  act. 

To  amend  the  above  act.  Confines 
privilege  of  cntiy  to  heads  of 
families  or  persons  over  twenty- 
one  years  of  age  and  to  citizens 
of  the  United  States.  Iteduccs 
the  time  for  perfecting  title  to 
eight  years.  Restricts  tho 
amount  to  bo  entered  by  one 
person  to  160  acres.  Allows 
liomcstcadcrs  to  obtain  patent 
by  planting  one-sistecntU  of 
homestead  with  trees. 

Touniondactof  1873.  Allows  ex- 
tension of  time  for  perfecting 
title  in  case  of  tho  destruction 
of  trees  by  grasslioppois;  also 
permits  seeds  and  nuts  to  be 
planted  instead  of  trees. 


Referred  to  Committee  on 
Public  Lacds.  Reported 
favorably  and  passed. 
Approved  March  3, 1873. 


Passed   and   approved 
March  13, 1874. 


RofeiTod  to  Committee  on 
Public  Land.s.  Itoportetl 
favorably.  pSssod,  nnd 
npprovoti  May  20, 1887. 
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TIMBER  CULTURE  ACTS— Continued. 


Year. 


Congress. 


Hoase  in  wbich 
originated. 


Object  of  LUl. 


Action  taken. 


1878 


45th,  2d  sees. 


1881 

1882 
1886 

1885 

1885 

1886 

1886 
1888 


47tll,  Ist  8688. 

47th,  Ist  sess. 
49th,  1st  sess. 

40tb,  1st  sess. 

49th,  Ist  sosa. 

49th,  Ist  soss. 

49th,  Ist  sess. 
50th,  1st  sess. 


H.  R.  3235, 
Strait. 


n.  R.  430, 
Ryan. 


H.  R.  4497, 
Deering. 

Senate  C5, 
Dolph. 


H.  R.  453, 
Cobb. 


H.  R.  380. 
Pay  son. 


H.  R.  5210, 
Henley. 


H.  R.  1238, 
Strait.  ■ 


Senate  2893, 
Paddock. 


To  amend  theact  of  1873.  Reduc- 
ing the  number  of  acres  to  bo 
planted  to  10  for  every  quarter 
section  and  in  tho  same  propor- 
tion for  smaller  quantities,  out 
requiring  closer  planting — 
twenty -seven   thousand  trees 

Eer  acre.  Five  acres  to  bo 
roken  first  year  and  5  the  sec- 
ond, and  planted  with  trees  in 
tho  third  and  fourth  years.  Re- 
peals the  honicstead  provision 
oftheactof  1874. 

To  amend  the  act  of  1878.  Speci- 
fying the  kinds  of  trees  to  be 
planted. 

To  repeal  the  act  of  1878 


To  repeal  all  laws  for  the  pre-emp- 
tion of  public  lauds  and  those 
allowing  entries  for  timber  cult- 
ure, the  sale  of  desert  lands,  etc. 

To  repeal  all  laws  for  tho  pre-emp- 
tion of  public  lands  and  those 
allowing  entries  for  timber  cult- 
ure. 

To  repeal  pre-emption  and  timber- 
culture  laws.  Nearly  identical 
with  bill  452. 

To  repeal  all  laws  for  the  nre-emp- 
tion  of  public  lands  and  for  tim- 
ber-culture entries. 


To  amend  the  act  of  1878 . 


To  amend  act  to  encourage  the 
growth  of  timber  on  the  west- 
ern prairies. 


Reported    with   »mei 
monts  by  committc 

Jassed,   and  approve 
une  14,  1878. 


Referred  to  Committee 
Public  Lands. 


Referred  to  Committee 
Public  Lands. 


Referred  to  Committee  oi 
Public  Lands. 


Referred  to  Committee  on 
Public  Lands. 


Referred  to  Committee 
Public  Lands. 


Referred  to  Committc 
Public  Lands. 


Referred  to  Committee  on 
Pnblic  Lands. 


Referred  to  Committee  on 
Public  Lands. 


FOR  THE  ESTABLISHMENT  AND  ENDOWMENT  OP  FORESTRY  SCHOOLS. 


1882 


1883 


1884 


1886 


47th,  1st  sess. 


47th,  2d  sess. 


48tb,  1st  sess. 


49th,  Ist  sess. 


Senate  1880, 
McMillan. 


H.  R.  7440, 
Pettigrew. 


H.R.43G1. 
Raymond. 


H.  R.  2826, 
GiflTord. 


To  aid  in  the  endowment  of  a 
school  of  forestry  at  Saint  Paul. 
Granting  300  sections  of  public 
land  for  the  purpose. 

To  grant  lands  to  Dakota  for  tho 
purpose  of  establishing  a  school 
of  forestry.  Granting  400  sec- 
tions of  land  for  tho  purpose. 

To  grant  lands  to  Dakota  for  tho 
purpose  of  establishing  a  school 
of  forestry.  Same  bill  as  tho 
preceding. 

To  grant  lands  to  Dakota  for  tho 
purpose  of  establishing  a  school 
of  lorestry.  Same  as  two  pre- 
ceding bills. 


Referred  to  Committee  on 
Agriculture. 


Referred  to  Committee  on 
Public  Lands. 


Referred  to  Committee  on 
Public  Lands. 


Referred  to  Committee  on 
Public  Lands. 


! 


THE  CLIMATE  OF  COLORADO  AND  ITS  EFFECT  ON 

TREES. 


By  George  H.  Parsons,  Colorado  Springs,  Colo. 


A  discussion  of  climatic  effects  upon  trees  in  Colorado  must  neces- 
sarily, from  the  lack  of  exact  records,  be  rather  general  in  its  nature. 
It  is  to  be  regretted  that  no  experimental  plantations  of  trees  have  been 
made  in  various  parts  of  the  State,  where  the  behavior  of  different 
species,  under  the  peculiar  conditions  of  this  climate,  could  be  regularly 
observed  and  noted.  Such  a  systematic  record,  showing  in  a  concise 
form  the  history  of  each  tree,  would  be  of  much  more  benefit  than  the 
general  and  irregular  observations  of  any  number  of  planters,  provided, 
Always,  that  the  observer  is  thoroughly  trained  in  the  work  he  has  to 
do,  otherwise  his  records  will  be  worse  than  useless,  like  many  of  the 
tables  of  meteorological  phenomena,  laboriously  constructed  after  the 
most  approved  scientific  methods,  which  are  now  thrown  aside  as 
fallacious. 

In  the  absence  of  these  experimental  stations  and  skilled  observers, 
the  province  of  science  may  be  to  examine  and  record  such  irregular  ob- 
servations as  may  be  found.  This  is  what  I  propose  to  do,  confining 
myself  to  the  results  of  my  own  general  observations,  and  that  of  others, 
regarding  trees. 

A  detailed  description  of  the  whole  climate  of  so  large  a  State  as 
Colorado,  and  one  of  so  great  variation  of  surface,  will  be  impossible 
iu  the  limits  of  this  paper.  The  discussion  will  therefore  be  more  par- 
ticularly confined  to  the  best-known  and  more  densely  peopled  i)ortion 
lying  where  plain  and  mountain  meet  around  the  cities  of  Denver, 
Colorado  Springs,  and  Pueblo.  Indeed,  only  in  this  region  have  climatic 
obs'^.rvations  been  taken  and  recorded  for  a  period  long  enough  to  give 
any  reliable  data  of  the  average  conditions ;  and  only  hero  have  trees 
been  planted  to  an  extent  sufficient  to  enable  the  observer  to  learn 
some  of  the  effects  of  the  climate  upon  them. 

Still,  a  study  of  the  climate  of  this  region  will  be,  to  a  certain  extent 
that  of  the  whole  State,  for  the  difference  between  this  and  any  other 
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portion  is  only  one  of  degree.  The  temperature  will  change  with  alti. 
tude  and  latitude,  and  the  moisture  among  the  mountains  will  be  greater 
than  on  the  plains. 

That  wo  may  enter  more  intelligently  upon  the  consideration  of  the 
climate  of  Colorado,  we  will  briefly  glance  at  the  various  influences  that 
control  a  climate. 

Great  altitude  has  perhaps  the  most  important  influence  on  climate, 
because  of  the  rarity  of  air  that  accompanies  it,  producing  rapid  evap- 
oration, dryness,  variability,  and  extremes  of  temperature,  clearness 
of  skies,  and  all  the  effects  opposite  to  those  of  the  sea-level,  where  the 
thick  stratum  of  humid  atmosphere  intercepts  the  sun's  rays,  retains 
heatj  obstructs  radiation,  and  produces  equability  of  temi)erature.  Low 
humidity  is  the  main  characteristic  of  high  elevations,  and  is  caused 
])rincipally  by  the  lower  temperature  reigning  at  such  elevations,  but 
also  by  the  diminution  of  atmospheric  pressure,  allowing  less  moisture 
to  be  held  in  a  given  space  of  air  at  a  given  temperature  than  at  lower 
levels.  Authorities  state  that  there  is  an  average  lowering  of  tempera- 
ture of  three  degrees  Fahrenheit  for  each  thousand  feet  of  ascent,  an<l 
this  cooling  lessens  the  capacity  of  air  to  contain  moisture. 

Latitude  has  a  strong  influence  on  climate,  acting  in  much  the  same 
way  as  altitude ;  the  effects  of  a  high  degree  of  latitude  being,  in  a  gen- 
eral way,  similar  to  those  of  a  great  altitude.  Professor  Loomis  states 
that  beyond  the  parallel  of  sixty  degrees  north  latitude,  at  a  short  dis- 
tance from  the  ocean,  the  mean  annual  raiu-fall  seldom  exceeds  10 
inches. 

Distance  from  the  ocean  naturally  promotes  dryness,  and  to  this  fact 
is  due,  in  no  small  degree,  the  uniform  lack  of  humidity  in  the  atmos- 
l)here  upon  the  extensive  plateaus  of  Wyoming,  Colorado,  and  I^ew 
Mexico,  which  is  not  found  in  the  high  altitudes  of  Switzerland.  The 
evaporation  constantly  going  on  over  th6  ocean  and  all  bodies  of  water, 
supplying  fhe  atmosphere  with  moisture,  which  returns  to  the  thirsty 
bind  in  rain,  is  wanting  in  the  elevated  interior  of  our  continent.  And 
there  can  be  no  satisfactory  compensation  on  our  open  i^lains  for  this  ab- 
sence of  water  distribution,  as  long  as  there  are  no  forests,  undergrowth, 
or  thick  grasses  to  prevent  evaporation  and  drying  of  the  land,  and  to 
provide  by  their  natural  reservoirs  and  springs  and  differences  of  tem- 
l)erature  a  substitute  for  the  ocean.  Afar  inland  position  also  has  a  pow- 
erful influence  upon  temperature.  The  specific  heat  of  land  being  onl>t' 
one  quarter  that  of  water,  it  both  absorbs  and  gives  out  heat  more  Taj}^ 
idly,  consequently  the  more  land  the  greater  the  heat  and  the  wider  t 
fluctuation,  especially  when  there  is  nothing  to  obstruct  the  sun's  ra; 
or  the  earth's  radiation. 

High  mountain  ranges  exert  a  X)Owerful  influence  upon  the  moisture 
conditions  of  a  climate,  by  intercepting  the  air  currents  which  come 
from  a  distant,  warm,  damp  region.     Such  currents  are  quickly  brought 


i 


223 

to  the  point  ot' satilratiou  as  they  mingle  with  the  cooler  elevated  attnos-' 
pliere  of  the  mountains,  anil  precipitating  their  moisture  in  rain  or  snow 
upon  the  mountain  sides,  they  pass  on  in  a  dry  and  highly  electrical 
condition.  Mountains  also  influence  a  climate  by  the  shelter  they  afford 
from  severe  winds.  They  also  increase  the  local  showers  by  gathering 
and  precipitating  the  moisture  accumulated  in  the  atmosphere  by  evapo- 
ration from  the  earth's  surface.  This  effect  of  mountains  is  also  shown 
by  the  opposite  influence  of  level,  barren  plains,  where  not  even  a  tree  is 
found  to  intercept  the  moisture-laden  currents. 

The  absorptive  power  of  the  earth  has  a  climatic  influence  of  greater 
or  less  degree  according  to  the  nature  of  the  soil.  A  very  dry  atmos. 
phere  will  be  rarely  found  where  the  soil  is  composed  of  closely-packed 
clay,  with  a  tendency  to  form  swamps,  morasses,  and  sloughs.  On  the 
contrary,  a  i)orous,  dry  sand  and  light,  friable,  loose  earth  absorb,  to  a 
great  extent,  the  moisture  from  the  air.  Sand  also  loses  its  moisture 
more  easily  than  clay ;  it  heats  more  quickly,  and  also  cools  more  rapidly. 

Such  are,  in  general,  the  influences  that  control  a  climjite,  and  with 
a  knowledge  of  these  and  of  the  physical  nature  of  this  selected  sec- 
tion of  Colorado  we  may  form  a  good  idea  of  what  to  expect  here. 

The  altitude  of  this  region,  outside  of  the  mountains,  is  from  5,000  to 

7,000  feet  above  the  sea.    The  latitude  is  between  the  thirty-eighth 

and  forty-flrst  parallels,  about  the  same  as  the  cities  of  Washington, 

Philadelphia,  and  lifew  York.    The  distance  from  the  Pacific  Ocean  is 

i>()ut  1,440  miles,  and  from  the  Atlantic  about  2,100  miles. 

The  principal  portion  is  a  rolling  prairie,  bare  and  brown,  except 
along  the  few  watercourses,  where  sparse  belts  of  cotton  wood  trees  re- 
lieve the  monotonous  and  desert-like  appearance.  The  earthy  billows 
of  this  ocean-like  plain  rise  and  break  against  the  rocky  slopes  of  a  vast 
mountain  range,  running  nearly  north  and  south,  and  stretching  west- 
ward to  the  Pacific.  Its  lofty  peaks  rear  their  summits  14,000  feet 
above  the  level  of  the  sea,  and  promontories  or  spurs  jut  forth  here  and 
there  into  the  plain.  From  these  rocky  slopes  the  decomposed  sand- 
stone has  been  washed  down  upon  the  plain  below,  and  formed  sand^', 
gravelly  deposits  of  wonderful  porosity  and  depth,  capable  of  absorb- 
ing any  quantity  of  rain  and  moisture. 

And  now,  with  this  bird's-eye  view  of  the  climate,  let  us  examine  it 
more  closely  and  in  detail  and  see  how  it  affects  tree-growth.  In  this 
we  shall  bo  aided  by  the  constancy  and  regularity  of  most  of  the  phe- 
nomena. 
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The  following  table,  comiiilod  from  the  meteorological  records  taken 
in  Denver  for  thirteen  years,  from  1872  to  1884,  will  give  an  idea  of  the 
climate  there,  as  far  as  such  observations  can  do  so : 

Table  showing  average  climate  at  Denver  for  each  month  for  thirteen  years. 
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10 
10 

4 
5 
4 

29 
29 

28 

2.0 
2.3 
2.2 

5.5 

6.2 

6.2 

Autnmn 

49.0 

.... 

93 

-18 
-29 

80.6 

19.8 

45.5 

2.34 

15 

49 

29 

13 

86 

2.2 

5.6 

Tear 

49.1 

105 

79.2 

19.7 

48.4 

14  95 

81   163 

146 

56 

340 

2.6 

6.3 

Note.— The  data  for  this  table  are  derived  from  tlie  meieorological  snmmary  furnished  by  J.  J. 
Gilligan,  U.  S.  signal  oflBcor,  Denver,  Colo. 


TEMPERATURE. 

From  the  physical  nature  of  Colorado  we  must  expect  a  low  average 
temperature.  The  mean  annual  temperature  at  Denver  is  49  degrees, 
about  the  same  as  at  Chicago  and  Boston ;  but  it  is  actually  more  ex- 
treme than  this  would  indicate,  for  we  also  find  that  the  lowest  point  the 
thermometer  reached  was  29  degrees  below  zero,  and  the  highest  point 
was  105  degrees.  But  these  extremes  are  few  and  of  short  duration,  and 
the  records  of  the  maximum  and  minimum  temperature  will  be  a  better 
indication  for  this  region  than  for  many  others.  More  often  than  this 
severe  cold  will  come  soft,  balmy  days  in  midwinter,  when  wraps  are 
cast  aside  and  the  houses  are  thrown  open  in  the  genial  sunshine. 

In  comparing  the  records  of  each  season  here  with  those  of  other 
parts  of  the  country,  we  find  that  the  average  temperature  is  more 
equal  here  tlwoughout  the  year.    "We  have  the  winter  temperature  of 
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Saint  Louis,  the  spring  temperature  only  a  little  cooler  than  Washing- 
ton, and  the  suiniuer  and  autiitu*i  teuiperature  of  Boston, 

Every  one  has  perceived  that  the  sensation  of  cold  depends  on  many 
other  things  besides  the  temperature.  The  dry  and  rarefied  air  of  this 
altitude,  allowing  the  rays  of  the  sun  to  pass  through  with  but  trifling 
loss  of  heat,  renders  the  lowest  temperature  much  more  endurable  than 
it  would  be  in  moister  climates.  If  the  sun  be  shining  and  the  air  still, 
it  matters  little  how  low  the  thermometer  may  fall,  and  zero  weather 
will  be  pleasant  and  agreeable.  This  warmth  of  the  sun  is  not  shown 
in  the  metoorologiciil  tables,  for  the  thermometers  are  set  in  the  shade. 
By  sun  thermometers  temperatures  of  110  degrees  and  upwards  are 
quite  usual  in  winter,  while  120  degrees  has  been  observed  in  January. 
In  the  summer  months  the  temperature  in  the  sun  usually  ranges  be- 
tween 130  aud  150  degrees.  This  heat  would  be  difficult  to  endure 
if  it  were  not  for  the  same  rarefied  condition  of  the  air  which  we  have 
just  found  softening  the  etfeejs  of  extreme  cold.  It  gives  a  bracing, 
stimulating  quality  to  the  air  in  summer,  and  a  fresh  coolness  to  the 
slightest  breeze,  such  as  we  never  find  in  the  low  altitudes.  Then,  too, 
no  matter  how  hot  it  may  be  in  the  sun,  there  is  always  a  cool  spot  in 
the  shade,  and  summer  nights  are  rarely  too  warm  for  a  blanket.  This 
marked  difference  between  sun  and  shade  is  the  result  of  the  lack  of^ 
iKpieous  vapor  in  tbe  air  to  become  heated  by  the  sun,  for  air  of  itself 
is  diathermanous  to  the  rays  of  the  sun,  letting  them  through  without 
practically  absorbing  any  of  their  heat.  The  great  difference  between 
day  and  night  temperatures  is  shown  in  the  large  ranges  of  tempera- 
ture, being  for  the  mean  daily  range  30  degrees,  the  mean  monthly 
range  53.7  degrees,  aud  the  mean  annual  range  131  degrees.  For  com- 
parison, the  same  ranges  of  temperature  at  New  Haven  are,  respect- 
ively, 10,  42,  and  91  degrees. 

Suddeil  changes  of  temperature  are  a  peculiar  feature  of  this  climate. 
Without  the  sheltering  influence  of  forests  or  mountain  ranges  on  the 
north,  something  of  the  fierce  cold  is  felt  here  of  the  blizzards  or 
northers  which,  coming  from  the  fields  of  ice  and  snow  in  the  north, 
sweep  with  such  deadly  power  over  the  plains  farther  east.  They  come 
suddenly,  with  little  warning,  chilling  with  their  icy  breath  the  soft, 
balmy  air  that  precedes  them,  and  causing  the  mercury  to  drop  40  de- 
grees in  half  an  hour,  and  from  80  degrees  at  noon  to  zero  at  night. 
But  their  violence  soon  carries  them  past,  and  the  following  day  may  be 
as  pleasant  as  before  the  blizzard  came.  The  changes  from  cold  to 
heat  are  just  as  sudden  and  great,  under  the  intiuence  of  the  warm 
west  wind,  which  comes  down  from  the  mountain  sides  extremely  dry 
and  electrical,  driving  the  frost  before  it  and  absorbing  the  moisture  of 
the  ground  and  air.  Under  its  influence  the  thermometer  has  risen,  by 
actual  observation,  40  degrees  in  thirty-five  minutes,  and  after  it  had 
passed  the  thermometer  has  fallen  30  degrees  in  five  minutes,  so  suddenly 
did  its  in  fluence  cease.  This  peculiar  west  wind  will  be  discussed  later. 
24738— Bull  2 15 
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From  the  foregoing  we  find  that  the  peculiar  features  of  temperature 
iu  Colorado  are  great  extremes,  great  range,  aud  sudden  changes. 
Upon  trees  the  eftect  of  great  extremes  is  not  necessarily  injnrious, 
except  in  connection  with  a  dry,  porous  soil,  which,  holding  no  moisture 
to  form  an  icy  protection,  allows  the  frost  to  penetrate  so  deep  as  to 
reach  the  tender  rootlets  of  a  young  tree.  Frost  has  been  found  in  the 
ground  iu  Colorado  5  feet  below  the  surface.  The  evil  efltects  of  this 
may  be  lessened  by  heaping  snow  around  the  foot  of  the  tree,  where  it 
will  melt  and  freeze  and  protect  the  ground.  When  snow  can  not  be 
had  watermay  beused.  Late  fall  irrigation,just  before  freezing  weather 
sets  in,  is  therefore  beueticial,  from  the  coating  of  ice  formed  near  the 
surface.   Winter  irrigation  should  also  be  practiced  for  the  same  reason. 

The  great  range  of  temperature  in  Colorado  is  more  injurious  to  trees 
than  extreme  cold,  for  all  vegetation  thrives  best  in  equable  climates. 
In  winter  the  powerful  heat  of  the  midday  sun  in  this  thin  air  excites 
the  flow  of  sap  in  a  tree  to  such  an  extent  that  it  does  not  recover  its 
normal  condition  before  it  is  frozen  by  the  severe  cold  of  the  night. 
Trees  are  found  injured  on  the  south,  but  never  on  the  north,  side.  To 
remedy  this,  the  trunk  is  shaded  by  a  board,  or  wrapped  withmattin.^, 
burlap,  or  straw.  More  trees  perish  during  the  warm,  summer-like  days 
of  February  than  in  the  coldest  weather.  This  great  diflterence  of  tem- 
perature in  sun  and  shade  has  also  an  unfavorable  eftect  on  trees  in 
sumaier,  retarding  their  growth  and  preventing  the  warm  nights  so 
beneficial  to  all  vegetation. 

It  is  a  well-known  fact  that  sudden  thawing  is  more  injurious  to  plants 
than  freezing,  and  therefore  the  effects  of  cold  are  increased  tenfold 
when  followed  by  great  warmth.  For  this  reason  sudden  changes  of 
temperature  are  the  hardest  for  trees  to  endure.  The  hot  blasts  which 
come  down  from  the  mountains  during  severe  cold  often  scorch  the  life 
from  the  tree,  and  the  fierce  blizzard  from  the  north,  which  may  sud- 
denly appear  on  the  warmest  day  in  winter,  chills  it  to  the  marrow. 

We  find  little  spring  weather  in  Colorado,  and  the  approach  of  sum- 
mer is  not  gradual,  as  at  lower  elevations.  Trees  will  be  often  tempted 
to  oi)en  their  buds  in  the  warm  sunshine  of  many  days  in  March  and 
April,  only  to  be  nipped  by  late  frosts.  For  this  reason  fruits  are  diffi- 
cult to  raise,  especially  the  early  blossoming  varieties. 

Ou  account  of  this  peculiar  winter  weather,  trees  planted  in  autumn 
suffer  more  than  those  planted  in  spring,  which  have  the  benefit  of  a 
whole  season  to  become  accustomed  to  the  new  and  peculiar  conditions. 
Those  trees  succeed  best  here  which  form  their  terminal  buds  early  in 
autumn,  and  make  a  definite  annual  growth,  so  that  their  tops  may  not 
be  killed  in  the  first  frosts. 

HUMIDITY. 

Humiditj^  or  the  amount  of  moisture  in  the  air,  is  a  more  powerful 
agency  in  climate  than  is  generally  recognized.    It  regulates  light  aud 
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heat,  and  checks  evaporation  from  the  eurth  by  absorbing  the  heat  and 
partly  arresting-  the  direct  rays  of  the  sun.  It  is  the  medium  for  thi; 
formation  of  dew,  rain,  and  snow,  and  when  examined  in  connection 
with  temperature,  gives  the  only  true  indication  of  the  dryness  of  acli 
mate. 

Kelative  humidity,  as  given  in  the  table,  indicates  the  ratio  between  a 
given  amount  of  vapor  in  the  air  and  that  which  saturated  air  at  the 
same  temperature  could  contain.  It  enables  us  to  form  an  idea  of  how 
near  to  saturation  and  therefore  to  possible  precipitation  the  air  has 
come.  But  it  does  not  represent  the  actual  amount  of  moisture  con- 
tained in  the  air.  This  is  (dependent  upon  the  temperature,  for  air  when 
warm  takes  up  more  moisture  than  when  cold,  and  the  point  of  satura- 
tion may  therefore  represent  more  or  less  actual  moisture  in  the  air. 

It  has  been  found  that  "  the  expansion  of  air  under  the  influence  of 
heat  increases  its  capacity  for  retaining  invisible  vapor  from  about  half 
a  grain  in  a  cubic  foot — the  limit  at  zero,  with  the  barometrical  pressure 
at  30  inches— to  19.84  grains,  the  limit  at  100°  F."    Therefbre,  in  a  cool 
cliujato  like  that  of  Colorado,  the  air  will  absorb  and  hold  much  less 
moisture  than  in  a  warmer  one.    Altitude  has  also  a  direct  etfect  upon 
the  amount  of  atmospheric  moisture,  for  as  the  air  becomes  lighter  and 
more  rarefied,  its  capacity  for  moisture  decreases,  and  in  Colorado  it 
A%ill  contain  much  less  at  the  point  of  saturation  for  the  same  tempera- 
Uure  than  at  sea-level.    There  often  occur  here  what  are  popularly  called 
;"  dry  showers,"  in  which  the  rain  dries  so  quickly  that  its  eflect  disap- 
irs  almost  immediately'.    The  actual  amount  of  moisture  in  the  air 
w:  die  number  of  grains  in  weight  of  vapor  contained  in  a  cubic  foot  of 
air  is  termed  its  absolute  humidity',  and  is  the  only  exact  measure  for  com- 
parison of  atmospheric  moisture  in  various  climates.    Knowing  the  rela- 
tive humidity  and  the  temperature  and  altitude  of  any  place,  the  abso- 
lute humidity  may  be  calculated.    From  the  weather  maps  published 
by  the  Signal  Service  at  AVashingtou,  we  find  it  (the  absolute  humidity) 
to  be  1.9  grains  at  Denver,  4  at  Los  Angeles,  3.5  at  New  York,  and  3  at 
I  Boston. 

From  these  figures  it  is  readily  seen  that  humidity  has  not  necessarily 
direct  connection  with  rain-fall,  for  at  Denver  the  humidity  is  only  half 
el  what  it  is  at  Los  Angeles,  although  the  annual  rain-fall  in  both  places 
I  is  about  the  same ;  at  Los  Angeles  it  is  one-third  greater  than  at  Boston, 
I  though  the  rain  fall  at  the  latter  place  is  three  times  as  much  as  at  the 
former.  We  also  find  the  humidity  at  Los  Angeles  to  be  greatest  in  sum- 
mer, although  the  rain-fall  is  practically  nothing.  xVir  may  be  quite 
hrtmid,  but,  if  there  are  no  cold  currents,  the  vapor  will  not  be  precipi- 
tated in  rain. 
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The  small  .imount  of  moisture  In  the  atmospliere  of  Colorado  is  indi- 
cated by  the  almost  total  absence  of  dew,  fog^,  mist,  and  hoar  frost,  by 
the  scarcity  of  clouds,  and  by  the  rapid  evaporation  of  rain  and  snow. 
It  is  also  shown  by  the  power  in  this  climate  of  the  solar  rays  to  heat 
solid  bodies  exposed  to  them,  while  the  neighboring  air  remains  com- 
parativelj"^  cool.  Humidity  is  least  on  the  open,  unsettled  plains,  where 
there  is  nothing  to  prevent  rapid  evaporation,  and  it  is  greatest  in  the 
canyons  and  parks  among  tlie  mountains,  where  the  mosses,  grasses,  and 
trees  retain  the  moisture  in  the  soil,  giving  it  out  slowly  and  continu 
ously  to  the  air. 

Trees  depend  ui)on  the  air  for  a  portion  of  the  moisture  they  recei\e, 
which,  absorbed  through  the  leaves,  keeps  up  the  free  circulation  neces- 
sary for  their  growth.    Without  moisture  leaves  can  not  take  up  from 
the  air  the  carbonic  acid   and  other  gaseous   itroducts  upon   which 
they  exist.      Where  this  moisture  is  limited,  more  is  demanded  of 
the  roots,  and  the  relative  proportion  between  them  and  the  leaves 
must  be  increased.    This  therefore  is  one  reason  for  the  slow  growth 
of  trees  here  as  compared  with  other  places,  and  only  those  succeed 
well  that  have  large  and  rapid  root-growth,  and  especially  those  with  a 
tap-root,  or  roots  which  naturally  reach  far  down  in  the  ground,  where 
they  find  a  greater  supply  of  moisture.    A  tree  in  Colorado  may  have  all^ 
the  irrigation  it  can  possibly  need,  but  will  nevei'  have  the  rich,  luxu; 
riant  foliage  seen  along  the  Atlantic  and  Pacific  coasts.     During  the^ 
spring  and  autumn  rain-storms,  already  noticed,  there  is  much  humidity, 
as  shown  by  mists  and  fogs,  and  under  its  influence  the  foliage  of  th« 
trees  always  swells  and  expands,  and  starts  into  new  growth.    Moisturejj 
in  the  air  will  also  benefit  a  tree  through  its  roots,  if  enabled  to  read 
them  through  ii  spongy,  porous  soil,  or  by  cultivation  with  a  spade 
I)low,  which  loosens  the  soil  around  the  tree  and  allows  the  air  to  pen- 
etrate to  a  suflBcient  depth.    This  accounts  for  the  fact  that  trees  in  cul- 
tivated ground  will  endure  drought  better  than  those  not  so  favored. 
The  porous  nature  of  the  soil  in  this  region  is  therefore  not  so  great  a 
disadvantage  as  it  might  be,  for  it  helps  to  carry  to  the  roots  whatever 
moisture  the  air  may  provide.     Irrigation  would  be  unnecessary  if  we  had 
the  moist  atmosphere  which  enables  farmers  on  the  southern  plains  of 
Texas,  for  instance,  to  raise  the  richest  crops  without  irrigation. 


EAIN-FALL. 


I 


The  rain-fall,  or  moisture  precipitation,  is  the  most  important  factor' 
of  any  climate  in  relation  to  trees.  It  is  also  the  most  irregular  of  me- 
teorological elements.  But  the  records  of  thirteen  years  will  show  what 
may  be  accepted  as  the  rule,  though  subject  to  manj^  exceptions.  The 
average  annual  rain-fall  at  Denver  is  14.99  inches,  and  at  Colorado 
Springs  15.87  inches.     In  comparison  with  this,  a;t  Los  Angeles  it  is 
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18.25,  at  Chicago  37.34,  and  at  New  York  43.58  inclies.  The  general 
distribution  of  rain-fall  in  this  region  is  shown  by  the  table,  which  gives 
the  amounts  for  each  month  and  season.  In  Colorado  winter  is  the  dry 
season  and  summer  is  the  wet  season  ;  the  driest  months  are  January 
and  February,  and  the  rainiest  are  May  and  eluly.  This  is  due  to  the 
altitude  and  inland  position,  for  we  find  just  the  reverse  at  Los  xVnge- 
les,  where  10.43  inches,  more  than  half  the  annual  rain-fall  there,  falls  in 
winter,  and  only  0.22  inches  in  summer.  At  New  York  the  rain-fall  is 
very  evenly  distributed  throughout  the  year.  A  fact,  not  evident 
from  the  table,  is  that  no  rain  falls,  as  a  rule,  in  Colorado,  between 
October  and  April.  The  storms  that  gather  then  are  accompanied  by 
such  cold  as  to  precipitate  only  snow,  which  is  quickly  melted  and  ab- 
sorbed or  evaporated.  The  heaviest  fall  of  snow  during  the  last  ten 
years,  about  2  feet  deep,  totally  disappeared  within  a  week.  The  large 
snow  storms  invariably  come  from  the  southeast,  though  a  whirl  of 
snow  is  generally  driven  before  the  fierce  northers.  This  snow-fall 
being  small  and  quickly  disappearing  in  the  warm  suu-and  dry  air, 
it  has  no  opportunity  to  exert  upon  the  air  its  cooling  influence  by 
increasing  radiation  and  by  hindering  the  warming  of  the  ground. 

The  winter  weather,  as  we  have  already  found,  extends  into  April 
and  even  May,  and  ends  with  a  heavy  snow  or  rain  storm,  lasting  two  or 
three  days.  Settled  warm  weather  may  then  be  depended  on,  but  not 
before.  The  wet  season  begins  generally  about  the  first  of  July  and  re- 
mains six  or  eight  weeks.  During  this  season  almost  every  day  will 
hiiug  its  shower,  which,  coming  in  the  afternoon,  passes  over  before 
night,  leaving  the  evening  cool,  fresh,  and  beautiful,  or  it  will  clear 
during  the  night,  bringing  most  delicious  mornings,  with  a  wonderful 
clearness  of  atmosphere.  The  summer  ends  as  it  began,  with  a  heavy 
rain-storm,  late  in  August  or  early  in  September.  This  latter  month  is 
generally  more  or  less  rainy,  but  October  and  November  bring  the  per- 
fection of  autumn  weather,  extending  often  to  Christmas. 

With  so  little  of  their  chief  means  of  support,  it  is  not  to  be  wondered 
at  that  the  only  trees  growing  spontaneously  in  Colorado  are  the  narrow 
belts  of  Cottonwood  that  mark  the  course  of  the  streams  on  the  plains, 
and  the  groups  of  hardy  Pines,  Spruces,  and  Firs  on  the  northern  slopes 
of  the  mountains,  or  in  the  sheltered  canyons.  When  these  are  de- 
stroyed nature  finds  it  hard  to  renew  the  growth  in  any  way,  and  only 
succeeds  in  the  more  favored  localities.  It  may  be  accepted  as  a  general 
truth  that  on  these  plains,  and  in  many  parts  of  the  mountains,  in  most 
situations  no  tree  can  be  expected  to  grow  by  the  natural  rain-fiill.  Irri- 
t-ation  is  therefore  a  necessity,  and  as  a  system  it  has  been  brought  to  a 
high  state  of  perfection  during  the  past  twenty  years. 

Water  must  bo  supplied  to  trees,  not  only  in  their  growing  season, 
but  also  during  the  dry  winter  months  to  aid  in  the  small  circulation  of 
sap  required  to  keep  life  in  the  tree  during  its  long  sleep,  and  to  com- 
pensate for  the  evaporation  from  its  bark.    The  tree  needs  much  water 
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during  the  dry,  hot  days  of  May  and  June,  before  the  summer  raius  begin. 
During  the  wet  season  it  will  almost  take  care  of  itself,  but  when  the 
rains  cease  in  August  the  principal  danger  of  the  whole  j'ear  comes,  and 
as  day  follows  day  of  hot,  dry,  scorching  weather,  the  tree  must  be  lib- 
erally supplied  with  moisture  to  take  the  place  of  that  absorbed  by  the 
thirsty  air. 

This  region  does  not  rexieive  the  benefit  it  might  from  the  rain-fall, 
on  account  of  the  deep,  gravelly,  porous  soil,  through  which  the  rain 
sinks  quickly,  leaving  but  a  small  portion  behind,  a  large  part  of  which 
is  soon  taken  up  by  the  air,  and  but  little  remains  for  the  tree. 

EVAPOEATION. 

The  evaporative  power,  or  thirstiness,  of  the  air  is  increased  by  high 
temperature,  low  humidity,  low  pressure,  and  high  rate  of  motion.  It 
is  most  powerful  in  summer  in  the  sun  and  wind,  and  only  slight  in 
winter  in  shade  and  when  the  air  is  calm.  In  any  place  like  Colorado, 
where  are  found  many  upturned  faces  of  broken  rocks  and  large  uncov- 
ered areas  of  sand  and  gravel,  evaporation  and  radiation  will  be  much 
greater  than  in  places  where  the  surface  is  protected  from  sun  and  wind 
by  vegetation.  This  is  shown  by  the  entire  absence  of  dew  on  the 
plains  and  the  rocky  slopes  of  the  mountains,  and  its  formation  when 
trees  and  lawns  are  i)lanted. 

Trees  are  injured  by  rapid  evaporation,  because  it  i)roduces  an  unnat- ', 
ural  activity  in  the  roots  and  stem  to  sui)ply  the  drain  from  the  cells  of* 
the  leaves  and  bark,  and  unless  the  tree  has  a  large  root-system  and 
great  vigor  in  all  its  functions,  it  will  be  unable  to  keep  up  the  proper 
circulation.  This  is  a  reason  for  the  fact  already  cited,  that  the  trees 
which  succeed  best  here  are  those  of  rapid,  vigorous  root  growth,  with 
a  solid  leaf  structure.  Evaporation  is  more  rapid  in  winter,  and 
therefore  fall  planting  is  objectionable.  Imported  trees  alvv^ays  thrive 
best  if  they  are  cared  for  in  a  nursery  for  a  year  or  two,  until  their 
roots,  leaves,  and  bark  become  accustomed  to  the  new  conditions  of 
climate. 

WINDS. 

The  winds  of  this  region,  which,  from  the  level  character  of  most  of 
its  surface,  are  very  constant  and  often  of  great  velocity,  have  a  strong 
influence  upon  the  production  of  increased  evaporation.  In  the  day- 
time throughout  the  year  the  prevailing  winds  are  from  the  south  and 
southeast,  while  at  night  they  are  from  the  north.  This  is  an.  advantage 
to  trees,  for  the  south  and  east  winds,  always  more  or  less  laden  with 
moisture,  come  at  a  time  when  evaporation  is  most  active,  and  tend  to 
relieve  its  evil  effects.  The  north  wind,  direct  from  the  region  of  per- 
I)etual  ice  and  snow,  is  the  wind  of  blizzards  and  storms,  and  is  the 
most  injurious  of  all,  from  the  sudden  changes  of  temperature,  already 
described,  which  it  produces.     The  warm  west  or  northwest  winds, 
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whose  effect  on  temperature  and  evaporation,  as  already  noticed,  Is 
so  marked,  are  of  sucb  peculiar  nature  as  to  demand  our  especial  ex- 
auiination.  Tliey  are  tlie  same  as  the  Chinook  winds  of  I\Iontana  and 
the  Foehn  wind  of  Switzerland,  and  similar  currents  are  found  on  the 
leeward  sides  of  all  extensive  mountain  ranges.  Starting,  it  may  be, 
from  the  surface  of  the  Pacific,  or  in  the  warm  valley's  of  the  western 
slope,  this  aerial  current  is  cooled  and  more  or  less  comi)letely  deprived 
of  its  moisture  while  climbing  the  mountains ;  and  in  sliding  rapidly 
down  on  the  other  side,  it  becomes  gradually  warmed  by  compression, 
amounting  to  six  or  seven  degrees  for  each  thousand  feet,  andarrivesat 
the  foot  even  warmer  than  it  started.  The  direct  effect  of  this  higher 
temperature  is  to  increase  its  capacity  for  holding  moisture,  and  having 
no  means  in  its  descent  of  regaining  what  was  lost  in  the  cool,  rarefied 
region  above,  it  is  intensely  dry  and  parched,  increasing  evaporation  to 
such  an  extent  as  to  dry  up  small  ponds  and  streams,  and  cause  the 
snow  to  literally  fade  away.  These  winds  are  only  noticed  in  cold 
weather,  for  when  the  air  is  already  warm,  the  change  iu-teniperature  on 
their  account  is  not  appreciable.  Their  effect  on  climate  is  to  make  the 
region  they  frequent  of  higher  average  winter  temperature  than  in  the 
center  of  the  continent,  as  may  be  seen  by  the  isothermal  Hues  of  any 
climatic  map  of  the  United  States. 

Their  deleterious  effect  upon  trees,  besides  the  sudden  changes  of 
temperature,  is  more  especially  from  their  extreme  dessicating  power, 
which  increases  to  an  intense  degree  all  the  evils  already  described 
of  rapid  evaporation,  acting  on  vegetation  like  fire.  The  barreness 
and  somber  appearance  of  the  eastern  slopes  of  the  Kocky  Mountains, 
as  compared  with  the  western,  is  caused  partly  by  the  blasting,  scorch- 
ing effect  of  these  winds  on  many  of  the  native  trees,  not  vigorous 
enough  to  stand  the  sudden  drain  on  their  vital  forces.  They  also, 
no  doubt,  play  an  important  part  in  the  treelessness  of  the  western 
plains. 

In  general  it  is  found  that  they  harden  and  dry  the  fruit  on  the  side 
exposed  to  them,  blacken,  char,  and  curl  up  the  young  and  tender 
leaves,  cut  off  the  fragrance  of  odorous  plants,  and  kill  young  sprouts 
in  a  few  hours. 

The  winds  of  the  greatest  velocity  in  this  region  are  from  the  north 
and  northwest.  The  strongest  wind  that  has  ever  occurred  at  Colorado 
Springs  was  from  the  northwest,  in  January,  1887.  It  began  at  about  8 
o'clock  in  the  morning,  and  gradually  increasing  in  power,  until  at  noon 
its  velocity  was  72  miles  per  hour,  it  died  away  entirely  by  4  o'clock 
in  the  afternoon.  But  these  extreme  winds  only  come  two  or  three 
times  a  year,  and  a  velocity  exceeding  40  miles  per  hour  is  very  rare. 
The  destructive  tornadoes  of  lower  elevations  are  unknown,  and  this 
region  is  not  subject  to  the  continuous  gales  found  elsewhere.  This  is 
demonstrated  by  the  average  yearly  wind-velocity  shown  by  the  table, 
which  is  only  C.3  miles  per  hour.    And  this  figure  does  not  properly 
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show  its  eflPect,  from  the  ftict  that  the  force  of  the  wind,  with  any  given 
velocity,  is  less  in  the  light  air  of  this  altitude  than  at  lower  elevations. 
Another  advantage  here  is  that  the  strongest  winds  come  in  winter  or 
early  spring,  when  they  have  less  effect  on  the  leafless  trees  than  they 
would  have  in  summer,  the  windy  season  in  many  regions.  It  is  very  rare 
to  (iiid  trees  blown  down,  and  seldom  are  branches  torn  off.  The  specially 
injurious  effect  of  extreme  winds  upon  trees  in  Colorado  is  from  the 
gravel,  or  small  sharp  stones,  caught  up  by  them  from  the  dry,  loose, 
gravelly  soil,  and  hurled  with  such  force  against  the  trunk  and  branches 
as  to  cut  the  bark,  and  give  it  the  appearance  of  having  been  rubbed 
down  by  some  rough  substance.  The  bark  of  .young  trees  has  been 
often  found  scraped  entirely  off"  on  the  north  and  west  sides  after  such 
a  wiud  storm. 

CLEARNESS  OF   THE   SKIES. 

Clearness  of  the  skies  is  a  direct  result  of  the  low  humidity  of  this 
climate,  and  is  one  of  the  peculiar  features  of  high  altitude,  llapid 
radiation  from  the  earth,  the  absence  of  moist  currents  in  the  air,  the 
rarity  of  the  atmosphere,  all  these  i)revent  the  formation  of  haze,  mist, 
or  clouds.  The  table  gives  the  average  number  of  days  clear,  fair,  and 
cloudy,  in  each  month,  at  Denver.  In  these  records  the  observer  counts 
the  thinnest  cloud,  and  many  days  are  classed  as  cloudy  or  fair  which 
would  be  generally  termed  fair  or  clear.  The  record  of  sunny  days 
gives  a  better  idea  of  the  fine  weather.  At  Denver  the  records  also 
show  that  the  average  number  of  days  in  a  year  on  which  rain  or  snow 
fell  is  eighty  one,  and  the  yearly  average  cloudiness  in  tenths  of  the 
sky  is  2.6,  During  thirteen  years  the  average  number  of  days  during 
the  year  on  which  the  sun  was  not  visible  was  three,  and  from  October 
30,  1879,  to  February  5,  1881,  fifteen  months,  the  sun  was  not  obscured 
an  entire  day. 

This  clearness  of  the  sky  is  one  cause  for  the  dail3'  fluctuations  of 
temperature  already  noted,  and  its  effect  on  solar  and  terrestial  radia- 
tion is  very  marked.  Solar  radiation  at  this  high  altitude  is  rapid 
soon  after  sunrise,  because  of  the  slight  resistance  which  the  dry, 
rarified  air  offers  to  the  rays  of  the  sun.  While  after  sunset  terrestial 
radiation  is  also  rapid  because  there  is  no  moist  envelope  shrouding  the 
face  of  the  earth  to  prevent  the  natural  cooling  of  the  dry  ground. 
This  is  one  cause  for  the  late  frosts  which  are  so  hurtful  to  trees  aiid 
which  farmers  and  cultivators  never  expect  without  a  clear  sky  and 
dry  air.  Sunlight  in  Colorado  is  a  nearer  approach  to  white  light  than 
at  the  sea-level,  and  many  persons  find  it  necessary  to  wear  blue  or 
smoked  glasses  to  protect  their  eyes  against  its  effects. 

Sunlight  plays  a  very  important  part  in  the  development  of  plants, 
and  the  various  questions  of  the  sun's  rays,  their  quantity  and  action, 
their  variations  in  the  different  hours  and  for  different  states  of  the 
sky,  and  the  relative  efiects  of  their  different  elements,  should  be  the 
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Bubject  of  more  research  than  they  are.  It  may  be  thought  that  the 
clearness  of  the  atmosphere  iu  Colorado,  bringiug  a  superabundance  of 
sunshine,  is  a  great  gain  to  all  life.  It  is  so  to  many  conditions  of 
human  existence,  but  not  to  all,  and  under  certain  circumstances  is  di- 
rectly injurious  to  vegetation.  True  it  is  that  "  Light  is  the  source 
of  life,"  but  its  very  greatness  and  power  require  tempering,  softening, 
and  restraining,  like  tire  and  water.  Sunlight  and  warmth  start  the 
machinery  of  a  tree  and  produce  the  chemical  combinations  which  are 
necessary  to  its  life.  Under  its  influences  the  mineral  substances,  drawn 
from  the  soil  by  its  roots,  are  combined  with  the  carbon  and  other  mat- 
ters received  from  the  air  through  the  leaves,  and  the  resultants, 
carbon  and  oxygen,  are  produced,  the  former  for  the  building  up  of  the 
various  parts  of  the  tree  and  the  latter  by  exhalation  into  the  atmos- 
phere, for  the  use  of  animal  life.  This  machinery  of  the  tree,  under 
proper  conditions,  works  as  steadily  and  smoothly  as  the  best  regulated 
engine.  But  if  the  speed  of  an  engine  is  increased  too  greatly  there  fol- 
lows vibration,  increased  friction,  a  falling  out  of  adjustment,  and  soon 
it  becomes  worn,  broken,  and  useless.  So  with  a  tree,  the  rapid  action 
produced  by  the  bright  sun  and  clear  air  may  draw  too  greatly  upon 
its  means  of  subsistence,  more  or  less  limited  in  this  dry  region,  and 
the  tree,  unable  to  keep  up  the  supply,  dies. 

Thus  we  have  found  that  trees  in  Colorado,  especially  in  the  section 
around  Denver  and  Colorado  Springs,  suffer  principally  from  extreme 
temperatures  with  sudden  changes,  and  from  lack  of  rain  to  supply  the 
needed  moisture  for  the  roots.  When  water  is  supplied  artificially  by 
irrigation,  they  still  sufler  from  iusufificient  humidity  in  the  atmosphere 
to  provide  moisture  for  the  leaves  and  stems,  from  rapid  evaporation 
caused  by  the  dryness  and  rarity  of  the  atmosphere  and  the  frequency 
of  winds,  and  from  the  clearness  of  the  sky,  or  lack  of  cloud  and  mist  to 
intercept  the  dry,  scorching  rays  of  the  sun,  and  to  prevent  the  sudden 
changes  of  heat  and  cold.  Truly,  indeed,  this  is  not  a  favorable  climate 
for  the  growth  of  trees.  But  we  have  dwelt  more  particularly  upon  the 
injurious  qualities  of  the  climate.  The  conditions  are  not  all  unfavor- 
able, and  notwithstanding  the  many  drawbacks  trees  will  and  do  grow 
iu  Colorado  and  fulfill  the  objects  for  which  they  were  created. 

ADVICE  TO  TREE-PLANTERS. 

We  have  already,  from  time  to  time,  indicated  some  of  the  peculiar 
modes  of  treatment  necessary  for  the  successful  growth  of  trees  in  this 
region,  and  a  brief  summary  of  these  will  be  useful. 

Those  localities  should  be  selected  for  planting,  if  there  be  a  choice, 
which,  by  the  configuration  of  the  ground  will  bo  most  i)rotected. 
Among  the  mountains,  this  will  be  on  the  northern  slopes,  where  the 
rays  of  the  sun  are  least  powerful  and  evaporation  is  least  rapid.  I  f  pos- 
sible the  useful  operation  of  plowing  and  cultivating  the  ground  before 
planting  should  be  performed.     In  this  way  the  soil,  besides  being 
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broken  and  softened,  will  be  in  much  better  condition  to  hold  moisture 
and  will  require  less  irrigation  tliaii  otherwise. 

Choose  those  trees  that  are  hardy,  rapid,  and  vigorous  in  their  growth. 
The  followiug  have  been  found  to  thrive  well  here  when  planted  under 
the  proper  conditions  :  Soft  or  Silver  Maple,  Box-Elder  or  Ash  Leaved 
Maple,  White  Elm,  Red  Elm,  White  Ash,  Black  Walnut,  Butternut, 
American  Chestnut,  Black  or  Yellow  Locust,  Honey  Locust,  American 
Linden  or  Bass-wood,  Black  Cherry,  Black  Birch,  lied  Oak,  Pin  Oak, 
Black  Alder,  Russian  Mulberry,  Mountain  Ash,  and  the  many  varieties 
of  Poplars  and  Willows. 

Foreign  conifers  have  not  succeeded  well  as  yet.  From  the  nature 
of  their  foliage  they  seem  to  be  less  able  to  endure  the  hot  sun  and  dry 
atmosphere  than  deciduous  trees.  Even  the  native  conifers  from  the 
mountains  are  diflicult  to  transplant  to  the  plains  on  account  of  the 
increased  dryness  and  exposure,  and  only  succeed  with  the  greatest 
care. 

Plant  in  the  spring,  as  early  as  possible,  but  so  as  to  escape  the  hard 
frosts.  If  possible  select  trees  which  have  grown  in  a  nursery  in  this 
climate  at  least  one  year,  in  preference  to  trees  brought  from  lower  ele- 
vations and  difterent  conditions.  In  general  it  is  better  to  buy  small 
trees  than  attempt  to  raise  from  seed,  which  requires  peculiar  and  care- 
ful treatment. 

Dig  large  holes,  much  larger  than  are  needed  for  the  roots  of  the 
tree,  cover  the  bottom  of  the  hole  with  G  inches  of  good  top  soil,  mixed 
if  possible  with  a  little  manure.  Just  before  planting  lill  the  hole  with 
water.  Plant  the  tree  a  little  deeper  than  it  was  before  and  spread 
out  the  rootlets,  sifting  the  dirt  well  around  them  and  stamping  it  down 
solid.  A  mulching  around  the  tree,  if  nothing  more  than  of  snuill 
stones,  will  be  of  much  benefit  to  prevent  the  rapid  drying  of  the  ground. 
The  irrigation  ditch  should  run  2  or  3  feet  from  the  tree,  and  a  small 
branch  ditch  carried  around  a  foot  from  the  trunk,  in  which  the  water 
may  stand  and  soak  into  the  ground.  In  dry  weather  irrigate  once  a 
week,  and  during  the  rainy  season  onl^'  when  the  tree  seems  to  need 
it.  Irrigate  in  the  autumn  at  such  time  as  to  freeze  the  soil  around 
the  tree,  and  two  or  three  times  in  the  latter  part  of  winter  when  con- 
tinued warm  dry  weather  occurs.  Remember  that  a  tree  may  have  too 
much  water  even  in  this  dry  climate.  Snow  heaped  around  the  tree  is 
beneficial.  During  the  winter  matting  should  be  wrapped  around  the 
trunk  to  protect  it  from  sun  and  wind. 

With  such  treatment  trees  may  be  made  to  succeed  well  in  this  hard 
climate,  and,  though  never  so  rapid  and  luxuriant  in  their  growth  as  in 
lower  elevations,  they  will  amply  repay  the  planter. 

Nowhere  are  trees  more  needed  than  in  this  State,  and  nowhere  should 
more  efforts  be  made  to  obtain  them.  They  should  be  planted  on  the 
plains,  for  shelter,  and  to  hold  the  little  moisture  that  falls.  They  should 
be  planted  on  the  mountains,  to  store  up  the  rain-fall  and  keep  the 
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streams  full.    They  should  be  planted  everywhere,  to  bring  to  this  bar- 
nm  region  their  beneficial  influences. 

With  trees,  as  in  all  things,  it  is  the  first  step  that  costs.  Each  grow- 
ing tree  tends  to  make  its  surroundings  more  adapted  to  its  needs,  and 
as  trees  are  multiplied  the  climate  must  necessarily  change.  The  cur- 
rents of  air  will  be  checked  and  modified,  i)reventlng  the  high  winds, 
sudden  changes,  and  great  extremes  of  temperature.  The  rainfall  will 
be  retained  longer  in  the  ground,  providing  more  moisture  for  the  tree 
to  carry  through  its  leaves  to  the  atmosphere  and  increasing  the  hu- 
midity. The  air  being  moister,  there  will  be  more  fogs  and  mists,  and 
consequently  more  modified  and  less  sunshine  and  less  radiation.  Evjip- 
oration  will  be  also  retarded  by  the  mechanical  obstruction  of  the 
branches.  All  these  changes  will  increase  the  favorable  conditions  for 
the  growth  of  trees,  and  while  we  have  begun  with  the  native  Cotton- 
wood, we  will  end  with  the  less  vigorous  but  far  more  useful  sorts. 

Note. — The  planting  of  trees  in  the  Rocky  Mountain  region  lias  been  confined 
mainly  to  ornamental  and  fruit  trees,  grown  in  towns  and  on-^arms  and  ranches. 
So.me  forest-tree  planting  has  been  done  under  the  "timber-culture  act,"  but  the  re- 
sults so  far  are  verv  uieagei'. — B.  E.  F. 


SNOW-SLIDES  AND  AVALANCHRS- THEIR  FORMA- 
TION AND  PREVENTION. 


By  B.  E.  Fernow. 


The  question  of  protection  against  the  disastrous  effects  of  snow- 
slides  and  avalanches  has  been  an  important  one  for  centuries  in  Switz- 
erland, where  it  seems  that  not  only  special  conditions  favorable  to 
their  formation  exist,  but  where,  on  account  of  the  dense  settlement  of 
the  mountainous  region  exposed  to  their  course,  their  destructive  eifect« 
are  more  intensely  felt.  So  regularly,  from  period  to  period  or  year  to 
year,  do  these  avalanches  occur  in  giv^en  localities,  pursuing  the  same 
track  down  the  mountain  sides,  that  they  have  their  names  like  the 
mountains  themselves,  or  like  the  geysers,  which  may  go  off  at  any 
time,  pouring  forth  their  waters  at  irregular  periods. 

NOTK. — The  dictionaries  and  encyclopedias  do  not  seem  to  know  the  word  "snow- 
slide,"  which  is  the  term  used  in  the  Kocky  Mountain  region.  The  word  "snow- 
slip"  is  used  to  denote  "a  large  mass  of  snow,  which  slips  down  the  side  of  a 
mountain  and  sometimes  buries  houses"  (  Webster),  while  "  avalanche  "  is  defined  as 
a  "large  mass  of  snow,  earth,  and  ice  sliding  or  rolling  down  a  mountain"  (  Webster), 
"  or  falling  down  a  precipice  "(Ogilvle).  (To  avale — to  fall,  descend,  be  lowered,  old 
French  aval — towards  the  valley.)  There  exists,  therefore,  no  definite  distinct  idea 
that  might  belong  to  the  one  word  or  the  other  exclusively,  and  the  words,  have  there- 
fore been  used  as  synonyms. 

The  question  of  the  formation,  dangers,  and  preventive3  of  ava- 
lanches forms  the  subject-matter  of  a  very  interesting  volume  published 
at  the  instance  of  the  Swiss  agricultural  department,  in  1881,  by  I. 
Coaz,  the  general  forest  inspector  of  the  Eepablic,  whose  personal 
observations  and  experiences  for  many  years  in  the  work  of  abating 
these  dangers  deserve  special  attention.  While  the  conditions,  atmos- 
pheric and  geologic,  of  our  Kocky  Mountain  region  may  not  coincide 
or  compare  exactly  with  those  prevailing  in  the  Alps,  yet  a  study  of 
the  causes  and  effects  there  observed  through  a  long  series  of  years 
and  of  the  methods  there  employed  to  remove  the  causes  and  alleviate 
the  effects  of  these  dangers  of  mountain  life  may  suggest  a  closer  ob- 
servation of  our  own  conditions  and  the  invention  of  expedients  of 
protection  better  suited  to  our  own  needs.  The  accounts  given  on 
another  page  of  this  bulletin  show  that  the  phenomenon  of  avalanches 
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iB  not  unfrequent  in  the  Rocky  Mountains,  and  that  their  frequency  and 
the  extent  of  damage  occasioned  by  them  must  be  expected  to  increase 
as  popuhition  and  development  there  progress. 

Note. — Mr.  William  N.  Byers,  C.  E.,  a  close  observer  aud  loug  rosideut  of  Colorado, 
says:  "The  main  difference  existing  between  onr  mountains  and  those  of  the  Old 
World  lies  in  the  fact  that  there  glaciers  abound  while  we  are  free  from  them.  The 
great  extent  of  plateau  country  causes  the  high  temperature  of  the  mountain  ranges, 
and  is  the  cause  of  the  snow  melting  off  yearly,  in  direct  contrast  to  the  mountains 
of  Switzerland,  thus  causing  a  higher  snow-line  with  us. 

"  Snow-slides  are  very  common  in  Colorado,  and  most  coniraon  in  the  San  Juan  near 
the  main  range.  They  occur  every  year,  aud,  when  snow  falls  to  any  extent,  fre- 
(juently,  aud  many  lives  are  lost."  (Ljw  year  two  hundred  lives  arc  reported  to  have 
been  lost.) 

March  is  said  to  be  the  most  dangerous  month  in  the  San  Juan,  and,  as  an  old 
miner  expresses  himself,  "It  is  hard  to  say  as  to  where  it  is  safe  to  live  in  San  Juan." 

Commissioner  of  the  Laud  Office,  Williamson,  in  his  report  for  IhH"),  st.-ites :  "  It  may- 
be noted  also  as  another  incident  to  this  total  destruction  of  timber  along  the  can- 
yons, that  'snow-slides'  are  of  frequent  occurrence  iu  the  denuded  localities  of  the 
mining  settlements,  and  that  during  the  past  winter  some  were  attended  with  serious 
loss  of  life  and  property. 

To  show  the  not  infrequent  occurrence  and  disastrous  effects  of  snow-slides  and 
land-slides,  the  following  newspaper  clippings,  taken  within  the  last  few  yearS;  have 
been  here  in  part  reprinted: 

The  well-known  disaster  at  the  Emma  mine,  a  few  years  ago,  will  probably  be  re- 
membered by  all  in  Utah. 

Helena.  Mont.,  May  7,  Id-'S. — The  land-slide  1  mile  east  of  Thompson's  Falls,  May 
4,  is  not  yet  cleared.  Water  oozes  from  the  ground  1,000  feet  above  the  track.  It  is 
feared  that  the  entire  mountain  side  will  be  precipitated. 

Silverton,  Colo.,  December  22,  1885. — The  tirst  snow-slide  of  the  winter  occurred  to- 
day, coming  down  the  mountain  into  Minnesota  Gulch.  The  slide  struck  the  mouth 
of  the  Prodigal  Son  mine,  filling  the  85foot  shaft  and  burying  two  men  who  were 
working  at  the  bottom.  The  snow  was  packed  so  tightly  that  it  was  found  to  be  im- 
possible to  move  the  bucket.  The  news  of  the  accident  was  a  great  surprise,  as  it  was 
not  8U[)posed  sufficient  snow  had  fallen  on  the  mountain  to  make  a  slide  that  would 
cause  damage. 

Ouray,  Colo.,  January  17,  188(3. — Ruby  Trust's  cabin,  on  Mount  Sneffels,  was  carried 
away  this  morning  by  a  snow-slide,  burying  six  men. 

Robinson,  Colo.,  January  25,  188G. — A  snow-slide  occurred  near  Summit  City  this 
afternoon,  which  buried  a  team  and  two  men. 

Aspen,  Colo.,  January  25,  1886. — A  snow-slide  of  considerable  dimensions  passed 
over  the  Jessie  mine,  on  Aspen  Mountain,  at  noon  to-day,  demolishing  the  machinery 
and  ruining  the  buildings.     Fortunately  no  lives  were  lost. 

Duranyo,  Colo.,  January  26,  1887.— Leonard  Sutton,  who  has  been  working  in  the 
Silver  Lake  basin  in  the  La  Plata  mine,  reached  Durango  last  night  with  an  ac- 
count of  a  slide  which  wrecked  the  cabin  at  the  Daylight  mine,  Tuesday  last. 

Gunnison,  Colo.,  January  2Cy,  18^6. — A  snow  slide  occurred  on  Sunday  and  carried 
away  the  cabin  of  the  Excelsior  mine,  located  in  Poverty  Gulch  near  Crested  Butte. 

Ouray,  Colo.,  January  15,  1887. — Mai'shall  basin  was  visited  by  another  snow-slide 
yesterday. 

Gunnison,  Colo.,  January  18,  1886. — W.  J.  Fine,  S.  F.  Winters,  and  Will  Turner,  re- 
turning from  a  surveying  party  to  Spring  Creek  this  evening,  had  a  narrow  escape. 
When  directly  opposite  the  mouth  of  Dead  Man's  Gulch,  they  noticed  a  snow-slide 
coming  down  the  mountain.     The  edge  of  the  slide  caught  throe  men  and  horses. 

Aspen,  Colo.,  January  20,  1886. — Numerous  snow-slides  are  reported,  here.    A  suow- 


238 

slide  of  gigantic  proportions  passed  over  the  Aspeu  mines.  The  engine-boiiso  was 
crushed  in,  and  the  engine  and  boiler  buried,  and  several  men  killed.  Half  an  hour 
later  another  slide  occurred  in  an  adjoining  gulch,  which  passed  over  the  Last  Chance 
mine,  but  without  damaging  effect.  At  .5.30  the  fire-bell  announced  the  occurrence 
of  another  slide,  and  investigation  revealed  that  two  ore- wagons,  mules,  and  drivers 
had  been  buried  in  another  slide  near  the  Late  Acquisition. 

Another  slide  occurred  on  Castlfe  Creek  last  night  which  caused  the  closing  down 
of  the  electric-light  works.  The  seven  men  who  started  for  Maroon  Pass  yesterday 
morning  have  not  yet  been  heard  from.  A  slide  between  here  and  Ashcroft  last  even- 
ing took  away  a  shanty,  in  which  a  man  and  woman  were  known  to  have  lived. 

Just  before  dark  last  night  three  teams  and  four  men  wore  caught  on  Aspen 
Mountain  near  the  Last  Chance  mine.  They  were  found  to-day  uninjured,  having 
been  imprisoned  nineteen  hours. 

Aspen,  Colo.,  January  21,  1886. — The  results  of  the  terrible  snow-slides  of  Tuesday 
continue  to  arrive.  (Accounts  of  accidents  are  given.)  During  the  past  three  days 
twenty-seven  snow-slides  have  occurred  in  tbe  neighborhood  of  Maroon  Pass.  This 
evening  a  miner  from  Conundrum  stated  that  a  fearful  slide  occurred  this  afternoon 
in  exactly  the  same  spot  where  occurred  the  fatal  slide  two  years  ago  in  which  sev- 
eral men  were  killed. 

Ouray,  Colo.,  January  21,  1886. — George  Boss,  mail-carrier,  reported  a  large  slide  ou 
the  Button  mine,  in  which  four  miuers  were  swept  away  aud  the  new  plant  of  ma- 
chinery and  houses  a  total  wreck.  The  Gilpin  County  Mining  Company's  building 
aud  George  Porter's  store  at  Sneffcls  are  all  gone.  The  loss  of  life  aud  property  will 
be  large. 

Leadville,  Colo.,  January  21,  1886. — About  10  this  morning  a  slide  occurred  on  the 
Blue  River  Branch  of  the  Rio  Grande  near  Cbalk  ranch.  The  track  covered  at 
least  10  feet. 

Gunnison,  Colo.,  January  26,  1886. — News  has  just  been  received  here.-of  two  snow- 
slides  which  occurred  yesterday  morning,  in  the  northern  end  of  this  county,  in  which 
five  men  lost  their  lives.  The  Excelsior  mine  in  Poverty  Gnlcb,  8  miles  north  of 
Crested  Butte,  was  the  scene  of  the  horrors.  The  second  slide  occurred  on  White 
House  Mountain,  in  Crystal  Basin.  Many  small  slides  and  narrow  escapes  are  also 
reported  in  different  sections. 

In  the  followiug,  therefore,  that  which  appeared  worth  noting  in  the 
volume  referred  to  has  been  presented.  As  fiir  as  could  be  ascertained 
no  literature  on  the  subject  is  extant  in  this  country. 

NATURE   OF  SNOW. 

Snow  is  of  different  qualities  according  to  the  temperature  of  the 
atmosphere, "and  on  its  quality  depeiuls  the  form,  the  manner  of  forma- 
tion,  and  the  progress  of  snow-slides  and  avalanches. 

The  temperature  at  which  snow  may  fall  (in  the  Alps)  ranges  between 
40°  and  12°  Fahrenheit.  At  low  temperatures  snow  falls  rarely,  and  then 
only  in  fine  needle-like  crystals.  Witli  a  north  wind  it  suows  mostly 
at  a  temperature  below,  with  a  south  wind  above,  the  freezing  point. 
The  snow-fall  at  temperatures  above  zero  is  to  be  explained  by  the  ex- 
istence of  a  lower  temperature  in  tlie  higher  strata  of  the  atmosphere 
where  the  snow  forms.  During  a  continuous  snow-fall,  and  especially  if 
the  wind  changes,  the  temperature,  and  with  it  the  form  of  the  snow, 
may  change  considerably. 

Snow  falling  at  low  temperatures  is  dry  and  composed  of  small  flakes, 
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because  the  dry  crystals  do  not  hanj?  to  each  other ;  sncU  snow  does  not 
hang'  on  or  ball  easily  nor  does  it  make  good  sleighing.  It  lies  so  loose 
that  it  is  easily  moved  by  the  wind,  like  sand,  and  causes  snow-drifts, 
while  the  wet  snow  falling  at  higher  temperatures,  which  has  begun  to 
thaw  and  contains  much  air  inclosed,  packs  tight  and  shrinks  quickly'. 

The  first  snows  of  the  season  soon  melt  away,  except  in  the  highest  alti- 
tudes, because  the  temperature  of  the  soil  and  atmosphere  are  still  too 
high  for  it  to  remain.  As  soon  as  the  soil  is  cooled  down  to  freezing 
point  the  snow  remains.  If  the  temperature  rises  above  freezing  point 
the  snow  begins  to  thaw  superficially',  part  of  the  water  evaporates,  part 
seeps  through  the  snow  and  saturates  it  with  water,  or  else  the  water 
penetrates  to  the  soil  and  softens  this  gradually.  The  snow  thus  shrinks 
and  settles  until  the  temperature  sinks  again  to  freezing  point,  whea 
snow  and  water  freeze  together. 

Thawing,  evaporation,  settling  of  the  snow,  depend  on  temperature, 
the  relative  humidity  of  atmosphere,  clear  or  cloudy  sky,  and  on  the  di- 
rection of  the  winds. 

It  would  be  supi)osed  that  winters  of  much  snow-fall  would  bring  the 
greatest  number  of  snow-slides.  This  is  not  the  case  in  the  Alps,  on 
account  of  the  dry  southern  wind  (Foehn)  prevailing  in  such  winters, 
which  evai)orates  with  great  rapidity  much  of  the  snow.  If,  in  addition, 
the  soil  was  not  frozen  before  the  snow-fall  and  is  capable  of  taking  up 
the  snow  wajer,  snow-slides  are  made  still  less  frequent. 

Note. — The  existence  of  a  "Fa'bn"  iu  our  own  mountain  region  is  perhaps 
interesting  enough  to  justify  the  following  extract  from  a  paper  by  Prof.  W,  M. 
Davis,  of  Harvard,  especially  as  it  may  suggest  explanations  of  other  climatic  charac- 
teristics of  the  Rocky  Mountain  region  : 

"First  in  Switzerland  and  afterwards  in  other  mountainous  countries,  the  atten- 
tion of  meteorologists  was  called  to  the  occurrence,  especially  in  winter  time,  of  a 
warm,  or  even  hot,  dry  wind,  blowing  briskly  down  the  valleys  from  the  high,  cold 
passes.  The  Swiss  name  for  such  a  wind  is  "  Ftehn,"  said  to  be  derived  from  the  old 
Latin  name  Favonius.  Various  local  names  are  used  in  other  countries,  but  with  the 
present  understanding  of  the  origin  of  the  wind,  all  examples  of  it  may  be  included 
under  the  Swiss  term,  which  has  now  become  of  generic  value.  When  the  Fcehu  blows, 
it  is  common  to  see  a  bank  of  dark  clouds  over  the  pass  at  the  head  of  the  valley  from 
which  the  wind  descends.  Under  its  effects  the  snow-fields  melt  away,  and  the 
streams  rise  in  freshets. 

"The  origin  of  the  wind  should  be  looked  for,  not  on  the  farther  side  of  the  mount- 
ains, whence  it  blows,  but  in  the  direction  towards  which  it  Hows.  Its  warmth  and 
dryness  were  first  properly,  but,  as  will  be  seen,  not  fully,  explained  as  follows  :  When 
a  current  of  air,  moving  on  its  oblique  path  towards  a  center  of  low  pressure,  encoun- 
ters a  transverse  mountain  range,  and  is  forced  to  ascend  over  it,  the  air  expands  and 
is  thereby  cooled;  in  consequence  of  the  cooling,  its  vapor  is  condensed  into  cloud, 
and  soon  begins  to  fall  as  rain,  so  that  on  reaching  the  summit  of  the  range  the  air 
contains  less  vapor,  although  it  is  very  moist  and  cloudy  ;  its  fall  in  temperature  has 
decreased  its  absolute  humidity,  while  increasing  its  relative  humidity.  It  must  be 
further  noted  that  on  account  of  the  release  of  the  energy  before  employed  in  main- 
taining the  rain  in  the  state  of  vapor,  the  cooling  of  the  ascending  current  is  consid- 
erably retarded  ;  the  rate  of  cooling  in  an  ascending  mass  of  saturated  air  being  only 
from  one-third  to  one-half  as  fast  as  in  non-saturated  air.     As  soon  as  the  current  begins 
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its  descent  ou  the  leeward  slope  of  the  range,  it  is  warmed  by  compression,  but  until 
all  its  cloud  is  evaporated  it  warms  as  slowly  as  it  cooled  before  ;  however,  by  reason 
of  having  lost  some  vapor  that  fell  on  the  windward  slope  as  rain,  the  cloud  mass  to 
be  evaporated  in  descent  is  less  than  the  total  cloud  mass  formed  in  ascent;  the  de- 
scending current  soon  becomes  clear,  and  then  warms  at  the  relatively  rapid  rate 
proper  to  non-saturated  air,  and  as  a  consequence  of  warming  faster  than  it  cooled 
it  must  reach  the  valley  bottom  as  a  warmer  wind  than  it  was  ou  starting  to  ascend 
the  other  side  of  the  mountains.  Having  lost  some  of  its  humidity  and  gained  in 
temperature,  it  must  be  relatively  dry  ;  it  is  a  Foihn. 

"  Only  one  element  remains  to  be  added  to  the  explanation,  but  it  is  a  significant 
one.  Thus  far  the  production  of  the  Ftehn  dopends  on  the  evolution  of  '  latent  heat,' 
while  the  wind  is  rising  and  raining  on  the  farther  side  of  the  range  ;  now  it  appears 
from  more  precise  observations  that  the  winter  Fcehn  isoften  felt  in  the  northern  valleys 
of  the  Alps  a  day,  or  even  more,  before  any  rain  falls  on  the  southern  slope  ;■  and  there- 
fore, although  the  rain  is  an  aid  when  it  begins,  it  must  in  these  cases  be  preceded  by 
some  other  canse  not  dependent  on  the  ascent  of  air  towards  the  jiasses  and  the  conden- 
sation of  vapor  on-its  way.  The  solution  of  the  difficulty  is  as  follows:  The  average  rate 
of  variation  of  temperature  in  the  atmosphere  is  closely  one  degree  Fahrenheit  to  300 
feet  of  descent.  Inasmuch  as  the  air  is  less  active  than  the  ground  in  changing  its 
temperature,  this  rate  will  bo  increased  in  the  summer  season  and  decreased  in  the 
winter;  in  winter  the  rise  of  temperature  encountered  in  descending  through  the  atr 
is  generally  less  than  the  gain  of  temperature  given  to  a  descending  mass  of  air  by 
reason  of  its  compiession.  If  at  such  a  time  the  air  in  a  valley  be  withdrawn  by 
flowing  away  in  answer  to  the  call  of  an  area  of  low  pressure,  and  its  place  be  taken 
by  air  descending  from  the  passes  to  windward,  this  fact  of  descent  will  require  that 
the  new  supply  of  air  shall  be  warmer  than  that  Avhich  has  moved  away ;  it  is  nec- 
essarily very  dry,  because  it  gains  capacity  for  vapor  as  its  temperature  rises,  with- 
out gaining  the  vapor  to  satisfy  its  capacity.  This  is  the  first  cause,  of  the  Fujhn, 
and  explains  in  good  part  why  it  is  more  pronounced  in  winter  than  in  summer. 
When  the  wind  over  the  pass  is  well  established,  it  may  be  joined  by  currents  of  air 
rising  from  the  further  slope  ;  these  soon  become  cloudy  and  yield  rain,  and  then  the 
second  cause  of  the  Fcehn  is  in  operation,  as  already  explained. 

"The  Chinook  wind  of  the  northwest,  along  the  eastern  foot  of  the  Cordilleran 
ranges,  is  described  by  G.  M.  Dawson  as  *  a  strong  westerly  wind  becoming  at  times 
almost  a  gale.  It  is  extremely  dry,  and,  as  compared  with  the  general  winter  tem- 
l)erature,  warm.  Such  winds  occur  at  regular  intervals  during  the  winter,  and  are 
also  not  infrequent  in  the  summer;  but  being  cool  as  compared  with  the  average 
summer  lomi)erature,  are  in  consequence  then  not  commonly  recognized  by  the  same 
name.  When  the  ground  is  covered  with  suow  the  eftect  of  the  winds  in  its  removal 
is  marvelous,  as,  owing  to  the  extremely  dessicated  condition  of  the  air,  the  suow 
may  be  said  to  vanish  rather  than  to  melt,  the  moisture  being  lick«d  up  as  fast  as  it 
is  produced.'    (Science,  1886,  vii,  33). 

"  Professor  Loomis  notes  the  following  case  of  rapid  temperature  changes  at  Denver, 
Colo.,  on  the  plains  just  east  of  the  front  range  of  the  Rocky  Mountains:  'An 
area  of  low  pressure  passed  over  Sau  Francisco  January  14,  about  4  p.  m.  During 
the  following  night  the  center  passed  near  Salt  Lake  City,  and  at  4  p.  m.,  January 
15,  the  center  was  near  Leavenworth,  having  traveled  about  1,400  miles  in  twenty- 
four  hours.  It  was  this  storm  which  brought  the  air  from  the  west  side  of  the  Kocky 
Mountains  over  to  Denver.  The  vapoi-  contained  in  this  air  would  be  mostly  precipi- 
tated on  the  west  side  of  the  Rocky  Mountains  so  that  it  would  descend  ou  the  east 
side  deprived  of  its  moisture  and  with  a  temperature  above  that  which  prevailed  in 
the  Salt  Lake  basin,  on  account  of  the  latent  heat  liberated  in  the  condensation  of 
the  vapor.  After  tlie  center  of  low  pressure  passed  Denver,  the  northeast  wind 
returned  and  brought  back  the  cold  air  which  had  constantly  prevailed  at  stations 
not  very  distant.    Thus  we  see  that  in  winter,  during  periods  of  extreme  cold  on  the 
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east  side  of  the  Rocky  Mouutaius,  when  the  temperature  at  Denver  sometimes  sinks 
more  than  20°  below  zero,  there  prevails  in  the  Salt  Lake  basin  an  average  tempera- 
ture of  about  30^;  and  when  by  changes  of  atmospheric  pressure  this  air  is  carried 
over  the  mountains  it  may  rciich  Denver  with  a  temperature  of  50"^,  resulting  from  a 
precipitation  of  vapor  on  tho  mouutaius.  We  thus  find  a  mass  of  air  having  a  tem- 
perature of  +  50"  in  close  i)roximity  to  a  mass  having  a  temperature  of  —20°,  and 
by  the  movements  of  the  atmosphere  attending  the  progress  of  a  great  storm  these 
different  masses  of  air  may  be  brought  successively  over  the  same  station,  causing  a 
change  of  temperature  of  50^  in  a  single  hour.' 

"The  following  tables  present  numerical  accounts  of  these  changes  from  the  same 
authority  > 

Temperature  and  relative  humidity,  January,  1875. 


DJite. 

Hour 
(Washing- 
ton time). 

Salt  Lake. 

Cheyenne. 

Denver. 

Pike's 
Peak. 

North 
Platte. 

It 

o 
H 

II 

M 

W.5 

Tempera- 
ture. 

Relative 
humidity. 

January  14 

January  15 

7.35 
4.35 

11.00 
7.35 
4.35 

11.00 

o 

3^ 

43 

43 

33 

26 

23 

Pr.et. 
61 

50 
50 
84 
52 
73 

o 
-11 

-  1 
24 
28 

5 

-  6 

Pr.  et. 

76 
C8 
60 
67 
75 
61 

o 

-14 

-  4 

1 

43 

10 

13 

Pr.et. 
100 
64 
71 
21 
17 
44 

o 
1 
8 
5 
6 
12 
10 

Pr.et. 

100 
100 
100 
100 
lUO 
100 

o 
-13 

-  6 
-11 

-  8 

:i 

Pr.et 

74 
61 
76 
79 
68 
64 

''Salt  Lake,  at  the  western  foot  of  the  Wahsatch  range,  in  the  Great  Basin,  is  con- 
stantly rather  warm,  and  of  ordinary  humidity.  Pike's  Peak  is  cold  aud  constantly 
at  its  dew  point.     North  Platte,  on  the  plains  east  of  the  mountains,  is  much  colder 

j»nd  distinctly  drier.  Denver  and  Cheyenne  are  much  alike  in  changes  of  tempera- 
lure,  as  these  stations  are  about  equally  distant  from  the  eastern  foot  of  the  mountains; 
nit  Denver  shows  much  the  greater  decrease  in  relative  humidity,  perhaps  because 
the  range  west  of  this  station  is  higher  than  farther  north.     The  second  table  shows 

'in  greater  detail  how  violent  the  changes  of  temperature  were  at  Denver  and  how 
completely  they  accorded  with  changes  in  the  wind  : 


Temperature  and  ic'uid,  Denver,  January  14,  15,  1875. 


Date. 

Hour. 

Tempera- 
ture. 

Wind. 

NE. 
NE. 
SW. 
SW. 
SW. 
SW. 
SW. 
SW. 
NE. 

2.43  p.m. 

9.00  p.m. 

9.15  p.m. 

9.20  p.m. 

9.30  p.  m. 

9.35  p.  m. 

5.43  a.  m. 
10.30  a.m. 
12.30  p.  m. 

2.43  p.  m. 

o 

-  4 

+  1 

20 

27 

3G 

40 

43 

52 

4 

+  10 

January  15 

"An  observer  who  was  considered  perfectly  reliable  says  that  between  11  a.  m.  and 
loon  the  tliermometer  fell  from  58  to  22  (that  ie,  36°)  in  five  minutes."  ( Amer.  Journ. 
Science,  lt!75,  x,  12;  18te0,  xxii,  13,  14.) 

Any  one  who  wishes  to  understand  tho  climate  of  tho  Rocky  Mountains  will  also 
lo  well  to  read  an  excellent  paper  on  the  Chinook  winds  by  Prof  M.  W.  Harrington 
24738— Bull  2 16 
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in  the  Americau  Meteorological  Journal  for  1887 ;  from  -which  we  cite  only  a  few 
points: 

"  The  dry  character  of  these  winds  la  usually  seen  only  to  the  eastward  of  the  mount- 
ains. In  western  Oregon  and  Washington  they  are  moist,  and  the  same  is  true  of  the 
western  slopes  of  Idaho  and  Montana.  But  as  the  name  is  more  generally  used  east 
of  the  mountains,  where  the  idea  of  dryness  is  a  fundamental  one,  the  Chinooks  are 
defined  as  warm,  dry  westerly  or  northerly  winds  occurring  on  the  eastern  slopes  of 
the  mountains  of  the  Northwest,  beginning  at  any  hour  of  the  day  and  continuing 
from  a  few  hours  to  several  days.  Their  effects  are  felt  at  least  as  far  as  500  miles 
east  of  the  divide.  On  the  arrival  of  the  Chinook  the  winter  appears  to  yield,  the 
air  becomes  mild  and  spring-like.  This  effect  appears  in  the  winter  isotherms,  mak- 
ing the  average  winter  temperature  on  the  plains  east  of  the  Rocky  Mountains  in  the 
great  interior  basin  and  the  narrower  interior  valleys  to  the  north,  notwithstanding 
their  continental  position  and  high  elevation,  actually  higher  than  on  the  same  lati- 
tudes east  of  the  Mississippi  River ;  yet  at  the  same  time  the  range  of  temperature  for 
the  northwestern  plain  and  the  changes  niore  sudden  and  severe.  These  changes  are 
injurious  to  tree  life,  and  in  them  can  be  found  one  reason  for  the  difference  between 
the  eastern  and  western  slopes  of  the  mountains.  The  eastern  slopes  are  bare,  rugged, 
and  somber;  the  western  heavily  clothed  with  timber.  These  trees,  largely  conifers, 
which  can  endure  without  injury  very  low  temperatures,  are  very  sensitive  to  ex- 
treme dryness.  The  dry  air  injures  the  foliage,  and  when  accompanied  by  wind  may 
kill  the  cambium  on  the  windward  side  of  the  trunk,  thus  permanently  injuring  and 
in  time  destroying  the  tree.  The  Chinooks  have  probably  played  an  important  part 
in  the  treelessness  of  the  Western  plains  and  interior  basins." 

MOVEMENT  OP  THE  SNOW,  FORMATION   OF   AVALANCHES. 

On  the  iilain  the  snow  moves  only  by  settling  and  by  drifting.  On 
an  incline,  even  if  only  slight,  there  is  a  side  movement,  following  the 
law  of  gravity  and  depending  in  its  amount  on  the  angle  of  inclination, 
configuration,  and  especially  cover  of  the  ground,  and  also  on  the  nat- 
ure and  amount  of  the  snow.  If  the  snow  is  frozen  to  the  soil,  it  can 
not  of  course  move.  Otherwise,  even  if  the  conditions  are  Dot  favor- 
able to  motion,  and  a  movement  may  be  hardly  noticeable,  yet  it  exists 
within  the  mass,  and  becomes  apparent  by  the  formation  of  horizontal 
rills  on  the  surface  of  the  snow.  This  movement  and  the  pressure  due 
to  it  is  capable  of  displacing  buildings  without  much  injuring  them. 
The  more  favorable  the  conditions  are  for  motion  the  greater  becomes 
this  movement,  until  at  last  a  slide  occurs,  moving  in  larger  or  smaller 
Diasses,  more  or  less  rapidly  over  the  incline. 

According  to  the  temperature  or  the  nature  of  the  snow  dependent 
thereon,  the  form  and  effect  of  the  avalanche  vary. 

If  in  cold  temperature  a  large  amount  of  dry  snow  falls  on  a  steep, 
deforested  mountain  side,  it  behaves  like  a  sand-heap,  the  particles  get- 
ting into  motion  for  lack  of  stability  in  the  mass,  and  moving  forward, 
the  mass  carries  with  it  any  other  masses  of  snow  that  are  in  its  way. 
The  heavy  particles  arrange  themselves  towards  the  soil,  the  finer  par- 
ticles forming  a  cloud  of  snow  bursting  into  the  air  and  like  dust  set- 
tling down  only  gradually. 

This  falling  cloud,  which  obscures  the  mountain  view  for  some  time, 
compresses  the  air  to  sqcU  an  extent  that  like  a  cyclone  it  precedes  the 
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avalaiicbe,  followed  and  pressed  ou  by  the  latter  in  hasty  flight  and 
exerting  an  enormous  pressure,  often  over  great  distances,  sometimes 
2  or  3  miles  beyond  the  actual  course  of  the  avalanche. 

The  destruction,  which  is  due  to  the  snow  masses  of  such  a  slide,  are 
insignificant  in  comparison  tothoseof  the  compressed  air  current,  since 
the  snow  is  light,  and  by  the  fall  dispersed  and  scattered  and  may  pass 
through  a  thinly  stocked  forest  without  doing  much  damage.  One  of 
such  air  currents  preceding  an  avalanche  is  reported  to  have  carried  a 
full-grown  larch  tree  bodil}'  over  the  tower  of  a  prison,  lodging  it  300 
yards  beyond,  and  to  have  laid  low  timber  drift  200  to  300  feet  beyond  the 
avalanche.  Such  slides  are  called  dnst,  or  poicder  avalanches.  They 
usually  occur  during  a  heavy  snow-fall,  and  are  but  rarely  occasioned 
by  winds  afterwards,  if  perchance  the,  snow  has  been  able  to  preserve 
its  loose  and  dry  condition  and  could  keep  in  position  long  enough.  It 
seems  that  most  of  the  snow-slides  of  the  Rocky  Mountains  are  of  this 
nature. 

If  the  snow  falls  when  the  temperature  is  not  low,  it  is  wet,  heavy 
and  compact,  and  hangs  to  the  soil  closely.  If  not  much  snow  fell,  it 
remains  lying  undisturbed,  provided  the  soil  is  not  wet  or  slippery  and 
the  ground  not  very  steep.  The  larger  the  mass  of  snow  and  the 
warmer  the  temperature,  the  greater  is  the  danger  of  a  movement  of 
the  mass  in  itself  and  a  consequent  slide.  In  such  a  slide  the  snow  re- 
mains compact  and  does  not  disperse  unless  falling  over  precipices.  It 
does  not  therefore  exert  much  pressure  upon  the  air,  flows  more  like  a 
snow  stream,  now  sliding  and  now  rolling  over  and  balling  together. 
Its  velocity  in  spite  of  its  great  weight,  on  account  of  its  friction  against 
all  obstacles  on  its  road,  is  much  less  than  that  of  a  dust-slide  and  its 
etlccts  reach  over  a  smaller  space.  These  may  be  called  ground  slides, 
or  true  slides. 

Lastly,  a  third  kind  of  avalanche  is  mentioned,  with  which  we  have 
nothing  to  do  in  this  country,  except  perhaps  in  Alaska  and  Nevada. 
These  are  the  glacier  avalanches,  which  are  formed  when  large  masses 
of  the  glacier  disconnect  themselves  from  the  main  flow,  and  falling 
over  a  precipice  break  up  into  something  like  a  dust  avalanche. 

MECHANICAL  AND  ATMOSPHERIC   CONDITIONS. 

Apart  from  the  nature  of  the  snow  the  following  conditions  are  of 
loment  in  the  formation  of  avalanches  : 

First,  the  geological  formation  of  the  mountains  :  Compact  rock-for- 
lations  are  less  favorable  to  formation  of  avalanches,  especially  ground- 
glides,  than  stratified  rocks.  The  latter  oflt'er  more  opportunity  on  the 
^ide  of  the  dip  than  ou  the  side  of  the  outcropping  (head).  Granite 
vad  granitic  gneiss  mountains  Jire  therefore  less  liable  to  avalanches 
khan  slates,  limestone,  Fiysch* — only  often  the  angle  of  inclination 


*  A  formation  composed  of  alternating  layers  of  black  slate  and  sandstone. 
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on  the  clip  is  less  tban  ou  the  head,  when  a  reverse  of  favorable  condi- 
tious  occurs,  but  the  slides  on  the  head  side  usually  do  not  fall  into 
places  where  much  damage  can  be  anticipated. 

Rocks  easily  disintegrated,  lilic  the  slates,  Flysch,  etc.,  are  more  fa- 
vorable to  the  formation  of  slides  than  solid  rock. 

Very  dangerous  are  steep,  stratified  rock  faces,  from  whicli  spring 
and  seepage  water  oozes  out,  which  keeps  the  surface  moist  and  slip- 
pery, or  else  when  frozen  gives  no  cliance  for  the  snow  to  lie. 

On  a  rocky  and  very  steep  mountain  side  the  snow  when  reaching  a 
certain  depth  must  slide  for  lack  of  internal  coherence,  especially  when 
dry.  During  a  continual  snow-fall  several  slides  may  fall  from  the  same 
place,  but  they  are  mostlj'^  of  small  dimensions  and  little  effect. 

If  the  rock  has  a  soil  over  it  without  vegetation,  the  formation  of 
slides  is  dependent  in  the  first  place  on  the  degree  of  steepness.  Yet 
other  fiictors,  as  the  height  of  the  snow,  the  height  of  the  mountain 
wall,  etc.,  are  of  such  influence  that  the  angle  of  elevation  may  not  be 
made  a  mathematical  expression  of  the  danger. 

If  the  foot  of  the  snow-wall  is  washed  by  a  brook,  or  if  a  spring  or 
other  circumstance  disturbs  the  continuity  of  the  snow-masses,  the  for- 
mation of  avalanches  is  favored ;  it  is  therefore  dangerous  in  places  lia- 
able  to  avalanches  to  open  a  track  or  even  to  wade  through  the  snow. 

A  declivity  which  offers  varying  angles,  or  is  broken  by  occasional 
steps  or  terraces,  offers  so  many  points  of  support  to  the  snow-masses, 
that  avalanches  are  less  liable  to  occur ;  roads,  ditches,  or  other  artifi- 
cial barriers  to  an  even  descent,  offer  also  such  points  of  support. 

Most  important  is  the  soil-cover.  The  more  and  the  larger  the  loose 
rocks,  the  more  in  the  line  of  the  horizontal  they  are  placed,  the  more 
hold  and  support  has  the  snow. 

Vegetation  has  a  varying  effect  upon  the  formation  of  slides,  accord- 
ing to  the  kind  of  plants  that  occupy  the  ground  and  their  size.    A 
grass  cover  or  turf  is  favorable  to  the  sliding  of  the  snow.    It  has  been 
observed  in  the  mountain  meadows,  where  the  hay  is  made  every  sec 
ond  year,  that  elides  are  less  frequent  the  winter  after  the  grass  is  cut. 

Low  shrubs  and  tree-forms  offer  a  better  support  to  the  snow,  unless 
tneir  stems  are,  as  in  the  case  of  the  Mountain  Alder,  so  elastic  that  after 
being  pressed  down  they  exert  a  pressure  against  the  snow  which  tends 
to  interrupt  the  coherence  of  the  mass,  when,  with  the  aid  of  wind  or 
additional  snow-fall,  the  snow  may  be  set  in  motion. 

Iligh  timber  affords  the  best  protection  against  snow-slides,  and  if 
the  mountaineer  had  not  in  his  ignorance  removed  and  destroyed  this 
protector,  many  dangers  of  a"mountaiu  home  would  be  avoided.  The 
importance  of  the  forest  in  this  respect  was  recognized  in  the  Alps  cen- 
turies ago,  and  wherever  "ban"  forests  were  maintained,  immunity  from 
avalanches  to  the  extent  of  the  forest  has  been  secured.  An  interest- 
ing account  is  given  of  the  ban  forest  of  XJrseren,  which  was  reserved  by 
the  community  as  early  as  the  year  1397,  and  of  the  constant  fight  which 
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was  necessary  agaiust  reckless  advisers  to  keep  it  intact,  until  now  the 
beneficial  efiect  is  fiilly  recos'iized,  and  reforestations  have  been  begun 
everywhere  under  the  protecting  walls  or  other  safety-works  wherever 
the  danger  of  avalanches  exists. 

Yet  even  timber  forest  is  not  always  absolute  protection  against 
avalanches;  since  the  i)lace  of  incipient  formation  of  the  slide  may  lie 
above  timber-line.  Such  avalanches,  formed  above  the  forest  line,  if 
small,  tirst  break  a  wedge  into  the  forest  below  them,  but  by  repeated 
action  the  wedge  is  enlarged  and  gradually  a  road  broken  through  the 
forest.  Large  avalanches  break,  even  in  their  first  attempt,  through  the 
best  rooted  full  grown  forest  of  entire  mountain  sides,  hurling  earth, 
rock,  and  timber  into  the  valley  below. 

Water,  the  great  mover  of  the  earth,  is  an  active  agent  in  the  forma- 
tion of  avalanches.  Not  only  the  spring  and  seepage  water,  but  also  rain 
and  melting  snow-water  exert  their  influence.  Ground-slides  (in  the 
Alps)  occur  mostly  in  warm  w^eathcr  in  the  spring,  when  the  snow  melts. 
Then  the  snow  settles  and  becomes  more  compact,  hasa  greater  specific 
weight,  and  therefore  more  tendency  to  slide;  the  snow  water  pene- 
trates through  to  the  soil,  and  if  tlie  soil  is  not  frozen,  saturates  it  and 
then  seeks  to  flow  oiT  between  soil  and  snow,  by  which  the  hold  of  the 
snow  on  the  soil  is  loosened,  the  latter  made  slippery,  and  the  sliding 
facilitated.  How  soon  this  influence  of  water  becomes  active  depends 
on  how  soon  the  soil  is  filled  up  with  water,  and  this  again  on  the  kind 
of  soil  and  subsoil. 

Clay  soils  soon  fill  up  in  their  upper  strata  and  the  snow-water  sooner 
begins  a  superficial  .flow  ;  a  penetrable  soil  on  the  contrary  with  pene- 
trable subsoil  does  not  attain  saturation  at  all  and  the  danger  is  avoided. 
If  the  soil  is  frozen,  the  water  can  not  penetrate  at  all  ami  the  sliding 
takes  place  the  sooner.  Kain  of  course  adds  to  the  water  which  loosens 
the  snow. 

Configuration,  as  has  been  said,  may  prevent  formation  of  avalanches 
by  presenting  a  number  of  points  of  support.  Yet  where  there  are 
sink-holes  or  troughs  in  which  the  snow  accumulates,  the  melting  snow- 
water collects  below  the  snow  and  loosens  the  masses,  which  may  thunder 
into  the  valley,  following  the  course  of  the  ravine. 

Lastly,  even  an  exterior  pressure  or  disturbance  may  loosen  the  masses. 

A  stone  or  an  icicle  falling,  or  snow  dropping  from  the  branches  of 
a  tree,  when  accompanied  by  strong  wind,  is  liable  to  start  the  snow. 

So  can  one  avalanche,  by  the  concussion  of  the  air  which  it  produces, 
start  others  in  its  neighborhood.  It  has  also  been  frequently  observed 
that  a  sound,  as  of  a  gun,  of  church  bells,  of  an  explosion  from  mines, 
etc.,  may  start  the  snow.  This  has  given  rise  to  the  proposal  to  start 
the  slides  by  shotguns  before  they  are  likely  to  become  dangerous. 

On  the  other  hand,  sometimes  in  the  stillest  weather  the  danger  may 
be  greatest,  as  the  snow  falling  during  such  weatlur  accumulates  to 
large  amount  b(!fore  it  breaks  loose;  while  in  stormy  weather  smaller 
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masses  are  constantly  set  in  motion  and  come  to  strand  on  tlie  terraces, 
etc.,  thus  reducing  tlie  danger. 

Some  special  conditions  for  the  formation  of  slides  exist,  when  days 
with  a  temperature  above  freezing  whicli  tliaws  the  surface  of  the  snow, 
alternate  with  cold  nights  when  the  surface  freezes  together.  If  fresh 
snow  falls  on  such  a  surface,  it  is  most  liable  to  form  into  an  avalanche, 
and  sometimes  if  a  heavy  gnow-fall  occurs,  it  may  break  through  the 
crust  and  carry  the  lower  masses  with  it.  This  kind  of  slide  occurs 
mostly  on  southern  exposures. 

As  regards  season  and  periodicity  of  slides  the  greatest  diversity  ex- 
ists. Kew  tracks  are  opened  every  year,  while  in  other  places  the  old 
tracks  become  scenes  of  tlisaster  in  varying  intervals,  some  yearly, 
some  every  half  or  every  full  century.  It  depends  of  course  on  the 
amount  of  snow  fallen,  in  connection  with  weather  conditions,  espe- 
cially the  direction  and  force  of  winds.  The  most  regular  falls  occur  in 
spring  during  time  of  thaws. 

In  wind-still  weather  and  warm  sunshine,  the  time  of  fall  occurs  in 
the  first  Iwurs  of  the  afternoon,  yet  if  a  warm  wind  blows  any  time  of 
day  or  night,  the  avalanches  may  start, 

PROGRESS  OF  AVALANCHES. 

The  ground-slides  follow  more  or  less  the  contour  of  the  ground,  like 
running  water.  Usually  the  masses  start  sliding,  later  on  they  roll 
over  when  passing  over  steeper  and  rocky  ground,  and  in  riUsimd fun- 
nels they  are  compressed  and  compacted.  , 

As  ill  a  stream  of  water,  the  greatest  velocity  lies  in  the  center  of 
the  slide,  where  in  a  straight  track  the  largest  mass  and  the  least  fric- 
tion exists.  If  turned  from  the  straight  track  the  force  is  greatest  on 
the  outer  curve,  where  trees,  turf,  soil,  and  rocks  are  torn  up  and  swept 
away  together. 

Dust-slides  occur  most  frequently'  during  snow-falls  at  low  tempera- 
tures, especially  in  windy  weather.  They  occur  ofteuer  in  clear  weather 
than  when  the  sky  is  clouded. 

RESCUE  OF  PERSONS  BURIED  BY  AVALANCHES. 

After  pointing  out  the  different  localities  whicli  are  exposed  to  ava- 
lanches in  the  Alps,  and  giving  an  account  of  some  special  cases  of  dis- 
asters, which  forms  most  interesting  and  instructive  reading,  a  chap- 
ter is  devoted  to  the  measures  to  be  taken  in  saving  men  lost  in  snow- 
slides.    The  procedure  is  somewhat  like  the  following : 

First  look  over  the  surface  of  the  snow,  where  the  slide  has  come  to 
rest,  after  signs  of  the  unfortunate  victims.  If  no  parts  of  the  body  are 
visible  outside,  determine,  according  to  the  location  and  the  track  which 
the  slide  took,  the  place  where  most  probably  the  entombed  lie.  Then 
let  the  rescuers  take  position  in  line,  and  with  the  handles  of  shovels, 
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or  with  poles,  push  iuto  the  snow  every  foot  or  so,  progfressing  forward 
as  they  do  so.  If  a  human  body  is  touched,  the  ehisticity  will  be  noted ; 
also,  the  poles  pushed  down  around  the  body  will  sink  deeper,  for  the 
entombed  usually  do  not  lie  on  the  ground,  but  are  imbedded  in  the 
snow.  Accounts  are  given  of  men  who  have  been  imbedded  for  four- 
teen, nineteen,  and  twenty-four  hours,  and  one  case,  in  which  a  woman 
was  found  living  after  one  hundred  hours,  is  almost  incredible. 

The  work  of  rescue  should,  therefore,  never  be  speedily  abandoned. 

Death  usually  occurs  either  through  bodily  injuries  or  through  sulib- 
cation,  mostly  the  latter.  The  more  or  less  rapid  effect  of  suffocation 
depends  on  the  density  of  the  snow  and  the  position  into  which  the  body 
comes  to  lie.  Naturally,  if  the  head  lies  downward,  and  is  packed  into 
compact  snow,  death  must  occur  sooner  than  when  the  body  gets  iuto 
an  erect  position  with  less  snow  pressing  upon  head  and  breast. 

If  the  face  comes  near  a  hollow  space  in  the  snow,  and  breathing  is 
facilitated,  the  entombed  can  live  in  spite  of  the  cold  for  a  long  time, 
and  can  be  saved  or  even  save  himself;  for  the  heat  of-the  body  thaws 
the  snow  gradually,  around  breast  and  abdomen  first,  around  legs 
and  arms  more  slowly,  because  these  parts  are  more  distant  from  the 
source  of  warmth. 

Froih  this  some  rules  for  the  conduct  of  those  who  can  not  escape 
the  slide  may  be  inferred,  namely',  that  they  should  try  to  preserve  an 
erect  position  in  the  fall,  and  to  keep  the  arms  near  the  body,  so  that 
the  arms  may  sooner  be  released  by  thawing^nd  become  useful  in  the 
rescue. 

When  the  slide  comes  to  rest  the  entombed  at  first  feels  a  pressure ; 
this  is  soon  relieved,  after  a  few  seconds,  by  the  partial  freezing  of  the 
snow  masses  and  a  consequent  contraction. 

The  entombed  hear  and  understand  any  noise  or  voice  above  them, 
but  their  own  voice  can  not  be  heard  above;  this  probably  because  the 
sound  waVes  can  not  sufficiently  develop  in  strength  in  the  surrounding 
snow. 

The  treatment  of  the  rescued  depends  of  course  on  the  circumstances 
of  the  case.  Resuscitation  is  often  possible,  even  if  the  rescued  is  ap- 
l)arently  dead.  In  all  cases  Ihe  first  duty  of  the  rescuers,  when  they 
discover  the  body  in  the  snow,  is  to  provide  means  for  breathing  by 
opening  up  a  channel  to  the  mouth.  If  the  rescued  is  ap[)areutly  dead 
respiration  must  first  be  restored.  This  is  done  by  placing  the  body  on 
the  belly,  supporting  the  front  of  the  head  lightly,  pressing  evenly  and 
slowly  with  Ihit  hands  upon  the  sides  of  the  breast,  rolling  the  body 
over  on  the  side  and  a  little  further  and  back  on  its  belly,  repeating  the 
l)ressure  on  the  sides;  this  movement  should  be  repeated  sixteen  to 
twenty  times  per  minute. 

Another  mode  is  to  place  the  body  in  sitting  posture,  supporting  the 
head,  grasping  from  behind  the  two  forearms  in  the  middle  and  moving 
them  forward  and  upward,  until  they  touch  both  sides  of  the  heatl,  then 
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move  them  down  and  press  with  them  against  the  sides  of  the  breast, 
repeating-  the  process  sixteen  to  twenty  times  a  minnte. 

This  treatment  shonkl  be  continned  for  twenty  to  thirty  miuntes  if 
necessarj^  while  rnbbing  the  patient  vigorously  with  flannel  or  woolen 
cloth,  in  the  direction  from  feet  and  hands  toward  the  body. 

Besides  absence  of  respiration,  cold  and  liunger  may  add  to  the 
causes  of  asphyxia.  In  such  cases,  too,  artificial  respiration  is  first  to  be 
supplied.  The  warming  should  be  only  gradual,  never  in  a  warm  room, 
or  with  heated  bottles,  but  always  by  rubbing. 

When  the  body  becomes  warm  the  danger  in  nose,  ears,  hands  and  feet 
of  a  surplus  of  blood  or  of  impeded  blood  circulation  is  avoided  hj  cold 
compresses,  by  rubbing  with  snow,  and  elevating  the  affected  parts. 

As  soon  as  respiration  is  restored  small  doses  of  coffee,  tea,  or  brandy 
should  be  given. 

MEASURES  OF  PROTECTION. 

The  damage  done  by  avalanches,  besides  the  immediate  one  of  de- 
stroying life  and  property  and  devastating  meadows  and  agricultural 
lands,  lies  in  the  tearing  up  of  tracks  in  the  ground  in  the  shape  oi 
rills  and  furrows,  which  may  become  the  beginnings  of  dangerous  tor- 
rents and  landslides. 

Those  slides  which  fall  iuto  wild  mountain  gulches  do  damage  by 
tearing  down  the  decomposed  rock  and  stones,  which  high  water  may 
carry  to  the  valley  and  oyer  fertile  fields. 

Measures  of  protection  against  avalanches  and  snow-slides  have  been 
applied,  of  course,  by  the  dwellers  of  the  mountains  since  their  occu- 
pancy began.  These  consisted,  where  the  ground  permitted,  in  jdaciug 
the  buildings  into  the  mountain  side,  when  the  avalanche  would  shoot 
over  the  building,  or  by  building  safety  places,  where  to  retreat  in  case 
of  danger.  Probabl^^,  when  by  deforestation  the  danger  from  ava- 
lanches had  increased,  a  i)rotecting  wall  or  a  stone  or  dirt'heap  was 
erected,  close  above  the  houses  which  were  to  be  protected,  with  an 
acute  angle  towards  the  mountain  top  and  with  walls  entering  to  right 
and  left ;  such  protective  walls  sometimes  included  a  number  of  houses. 

On  the  mountain  roads  galleries  were  built,  either  cut  into  the  living 
rock,  or  with  stone  or  timber,  over  which  the  snow  masses  would  slide. 

These  measures  were  intended  to  prevent  the  damage  from  avalanches 
and  slides,  but  to  prevent  their  origin  and  their  start  measures  were  also 
adopted  early  in  this  century.  Such  measures  were  the  making  of 
ditches  in  horizontal  lines,  to  prevent  the  snow  from  sliding,  or  of  ter- 
races, and  the  proper  preservation  of  the  forest  growth. 

But  only  since  18G7  has  a  systematic  treatment  of  the  avalanches 
been  begun  under  technical  direction.  Since  then,  up  to  the  year  1881, 
thirty-four  tracks  of  avalanches  or  snow-slides  have  been  systematically 
secured  with  perfect  success. 

In  undertaking  such  work,  it  is  first  necessary  to  establish  from  tes- 
timony the  uppermost  point  from  which  the  avaUince  has  been  oUserved 
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to  start,  wliicb  testimony,  however,  must  be  verified  by  a  careful  study 
of  the  natural  conditions  of  the  locality.  Usually  the  place  of  begin- 
ning lies  higher  up  than  observed.  If  the  start  lies  on  extensive,  steep, 
rocivy  faces,  there  is  no  use  in  trying  to  secure  it ;  if  there  are  only  in- 
terrupted walls  and  rock  portions,  or  if  a  ravine  form  the  starting  place, 
securing  is  possible,  and  the  question  then  simply  is,  whether  the  coat 
of  doing  so  is  in  proportion  to  the  benefit  to  be  derived. 

Tlie  works  consist  of  walls  or  woodwork,  or  a  combination  of  both. 
Ditches  are  not  without  inrtuence.  but  are  by  no  means  as  effective  as 
wall  and  woodwork,  and  present,  besides,  several  objections;  they  are 
collectors  of  water,  which  is  liable  to  carry  away  the  earth  work;  they 
are  soon  filled  up  or  trodden  down  ;  similar  objections  exist  to  terraces. 

The  choice  of  stone  or  wood  for  safety  works  depends  mainly  on  the 
costliness  of  either.  Above  the  timber  line  stone  would  of  course  be 
preferable,  below  the  line  it  is  employed  onl^-  where  reforestation,  and, 
therefore,  temporary'  constructions  are  not  possible. 

Wood  structures  consist  of  rows  of  pile  work,  for  which  of  course  the 
most  durable  wood  obtainable  in  the  region  is  used.  Split  wood  is 
better  than  round,  which  latter  does  not  hold  the  snow  as  well.  The 
piles  are  usually  made  4i  to  5  feet  long,  and  have  a  diameter  of  5  to  6 
inches.  Preserving  processes,  charring,  etc.,  are  unnecess  ary  in  the 
altitudes  where  this  work  is  to  stand.  The  posts  are  pointed  at  one 
end,  and  driven  with  a  wooden  wetlge,  so  as  not  to  split  them,  .if  pos- 
sible, 2^  feet  into  the  ground,  perpendicularlj^  to  the  horizontal  plane, 
and  secured  with  stones.  They  should  not  be  above  ground  more  than 
3  feet,  and  on  thin  soil  not  as  much. 

The  intervals  between  the  piles  should  be  2  feet.  It  is  not  necessary 
to  connect  them  by  wicker  work,  as  the  snow  does  not  slide  through 
the  piles;  but  where  the  ground  is  thin,  or  very  dry,  or  very  steep,  or 
otherwise  lacking  in  hold,  such  wicker  work  may  be  made  of  branches 
to  connect,  and  thus  to  strengthen  the  piles.  The  two  end  piles  must 
be  especially  securetl.  The  length  of  the  rows  of  piles  and  their  dis- 
tance from  each  other  depend  upon  the  configuration  and  the  angles  of 
inclination  of  the  ground. 

The  choice  of  the  place  where  the  row  of  piles  is  to  be  put  is  of  im- 
portance. The  work  is  begun  at  the  top  or  starting  place  of  the  ava- 
lanche and  progresses  downwards.  The  piles  must  be  driven  in  the 
horizontal  line,  so  that  the  pressure  of  the  snow  will  be  evenly  distrib- 
uted over  the  whole  line.  They  are  also  to  be  placed  whore  a  change 
<•(■  fall  (angle  of  inclination)  from  a  less  steep  into  a  steeper  incline  oc- 
iirs.  If  no  natural  terraces  are  found,  such  may  be  matle  bj"^  cutting 
nito  the  ground  above  the  piles,  making  a  terrace  of  2  feet  in  the  side 
of  the  mountain.  The  ground  thus  removed  is  placed  on  the  lower  side 
of  the  piles  and  covered  with  turf. 

Where  piles  cannot  be  driven  "snow-bridges"  are  constructed 
Where  narrow  rills  or  runs  are  to  be  protected  a  tree  is  thrown  across 
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ami  secured  at  its  ends  against  othtH-  trees,  or  by  posts,  or  placed  upon 
trestles,  if  uecessary,  supportel  in  the  middle  by  posts.  Over  this  tree 
are  placed  sticks,  with  a  slight  iiicUuatiou  to  the  mountain  side,  some- 
what in  the  shai)e 'of  a  corduroy  bridge,  and  fastened  with  wooden 
nails  to  the  tree  and  secured  by  stones  on  the  ground,  if  possible. 

The  retaining  works  of  stone  are  the  strongest,  most  lasting,  and  are 
possible  everywhere,  but  also  the  most  expensive.  For  a  foundation  a 
spaceof  about  3  feet  is  leveled,  with  a  slight  inclination  into  the  mount- 
ain side,  as  if  cutting  out  a  road;  the  base  must  be  natural,  not  made, 
soil.  The  proper  making  of  this  foundation  base  is  of  the  highest  im- 
portance. The  li eight  of  the  wall  must  be  3  feet  above  the  ground  on 
the  upper  side  ;  the  steeper  the  ground,  therefore,  the  higher  necessa- 
rily becomes  the  wall  woik.  Simple  dry  walls  are  all  that  is  needed? 
which,  in  addition  to  being  cheaper,  permit  rain  and  snow  water  to  seep 
through. 

Especially  the  eiuls  of  the  wall  must  be  well  secured,  and  the  use  of 
cement  in  this  part  of  the  wall  is  recommended.  The  roof  is  made  of 
large  slabs  or,  in  their  absence,  of  sods. 

The  length  of  walls,  as  of  pile  rows,  depends  on  the  configuration  of 
the  soil.  The  distance  of  the  walls  from  each  other  may  be  greater  than 
with  wood- work. 

There  have  also  been  used  iron  rods  let  into  the  rock  and  covered 
with  wood-work. 

The  choice  of  work  and  the  adaptation  to  the  configuration  is  of 
greatest  importance. 

If  the  slope  presents  an  even  surface,  like  a  roof,  the  pile  rows  and 
walls  are  placed  at  intervals,  so  that  the  next  series  covers  the  even 
spaces  of  the  one  before. 

In  ravines,  the  work  is  to  be  placed  where  the  slope  changes  to  the 
steeper  wall.  Large  bowlders  or  rocks  rising  above  the  surface  are  often 
the  incipient  cause  of  slides.  The  safety- work  is  to  be  pla(;ed  at  their 
foot,  so,  however,  that  the  snow  sliding  from  such  elevations  should 
not  fall  upon  the  wall,  l)ut  in  front  of  it,  to  be  there  retained. 

Springs  and  collections  of  seepage  water  must  be  taken  care  of  and 
properly  conducted. 

A  yearly  inspection  and  repairs  are,  of  course,  necessaiy. 

After  the  starting-point  of  avalanches  has  been  thus  secured  reforest- 
ation is  at  once  begun,  with  such  species  as  belong  to  the  locality. 
The  planting  is  done  with  seedlings,  at  a  distance  of  40  inches,  as  a 
rule.  This  reforestation  of  the  tracks  of  avalanches,  esi)ecially  in  stee^) 
situations,  including  after-planting,  is  very  expensive,  and  amounts  to 
$25  to  $10  per  acre  in  Switzerland. 

In  conclusion,  it  may  be  stated  that  the  Swiss  Government  bears  40 
per  cent. — in  extraordinary  cases  oO  per  cent. — of  the  cost  of  building 
retaining-works.  In  reforestation  in  existing  i)rotective  forests,  20  to 
50  per  cent,  and  in  planting'  new  forests,  30  to  70  per  cent,  of  the  cost  is 
borne  by  the  Government,  the  communities  being  liable  for  the  balance. 
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male, 56;  conliguration,  51  ;  elevation,  51,  52, 
5.3,  54,  55;  forests  of  the  region,  69;  forest 
conditions,  49,  69;  forest  policy  in.  86;  in- 
dustries, 62;  "irrigationsyslems,  61,  85;  man- 
ufactures, 61;  mining,  63;  plains  and  pla- 
teaus, .52,  58;  population  and  values,  65; 
stoek-growing,6J;  stone  and  marble, 65;  the 
mountain  system,  19,  51.  49;  timber  lines,  55; 
water-courses,  53;  wool-growing,  (U. 

Rosa  blanda,  192;  ArknnHanit,  l^;  fj>l'>nno''arpn, 
192;  Sayi,  192.  NiUkana,  192;  Fcndlcri,  192; 
Woodsii,  192. 


Rubus  Nutkanus,  191 ;  dellciosiis,  191 ;  slrigosus, 
191;  occidentalis,  l'.)l. 

Scdix  cordala,  I'Mi;  Novie  Anglire,  196;  irrora'a, 
19();  mont(coi«,  196;  ros(;-a/a,  196;  ridor'iphylla, 
195;  Candida,  106;  i/laa.ca,\ar.vUlosa,VMi;  dcs- 
crtorum,  l'J6;  arlica,  \a,r.p€tra;a,VJ6;  visUta, 
196;  rcHculala,  107. 

SanibHciisrncemosa,103;  melanocarpa,  10'^ ;  Cana- 
densis, 191. 

San  Diego  County,  Cal.,  trees  and  shrubs  of,  198, 
202. 

Sareobutits  rerniivulalus,  195. 

Sequoia  semperrirens. 

Screw  Bean — Mesquit,  172. 

Hlieperdin  urgentea,  195;  Cmvadensis,  195. 

Signal  Service  tables  of  temperature,  rain-fall, 
etc.,  in  Rocky  Mountain  region,  83. 

Slides,  snow  and  land,  in  Rocky  Mountain  re- 
gion, 83. 

Snow  and  land  slides  in  Rocky  Alountains,  83. 

Snow-slides  and  avalanches,  236 ;  accounts  of  in 
Rocky  Mountains,  237. 

Spirieabehdifoliii,  lOl. 

Spruce,  White — Single,  161;  Engelmann's,  162; 
Blue,  162;  Douglas— Yellow  Fir,  164. 

Spruces  of  Rocky  Mountain  region,  161. 

Shrubs  of  Rocky  Mountain  region,  190. 

Stock-growing  in  Rocky  Mountains,  64. 

Stevenson,' E.  A.,  88. 

Sud worth,  G.B.,1.53. 

Symphoricarpos  occidentatis,  194 ;  racemosus,  194  ; 
oreophilus,  194. 

Telegraph  poles,  76. 

Temperature  of  Rocky  Mountain  region,  58, 
59. 

Tctradymia  canescens,  194;  glabrala,  194;  Nuttalii, 
194;  spinosa,  194. 

Thorn,  Black,  176. 

Timber,  consumption  for  mining  purposes,  77  ; 
right  to  fell  and  remove,  8. 

Timber,  public,  depredations  on,  9. 

Timber  lands,  public — legislation  in  regard  to, 
212. 

Timber  lines  in  Rocky  Mountains,  .55. 

Torrents,  damage  bv,  in  Europe,  13. 

Trefoil,  Shrubby— Hop  Tree,  168. 

Tree-planting  in  Colorado,  233. 

Utah,  assessed  valuation.  68;  climate,  149:  farm- 
inglands,  extent  of,  149;  forest  conditions,  14  ; 
geography.  149;  ores,  1.5');  quarries — stone, 
151;  rain-fall,  150:  timber.  150,  151. 

Values  of  property  in  Rocky  Mountain  region, 
65,  68. 

Vacciniunioccidenlale,10i;  carspi/osum,  195;  My- 
tillus,  195. 

Virbumum  paueijlorum,  194. 

Vids  riparia,  191. 

Warren,  Francis  E.,  56. 

Water-courses  of  Rocky  Mountain  region,  53. 

Willows  of  Rocky  Mount.ain  region,  1R5. 

Wool-growing  in  Rocky  Mountain  region,  64. 

Wyoming,  asses.sed  valuation.  66;  climate,  109; 
coal  fields,  81 ;  geography  and  forest  condi- 
tions, lOS  ;  irrigation.  111;  native  trees  and 
forests,  109. 

Yellowstone  National  Park,  115,200;  needs  of, 
206;  forests,  208;  flora,  208;  water-flow,  209. 

Y'ew,  167. 

Yucca,  bnvifolia,  201. 


ERRATA. 

Page  tS,  last  line,  for  686,827  read  686,781. 

Page  128,  line  25,  for  Poplar  read  Aspen. 

Page  128,  bottom,  for  Vine  read  Dwarf. 

Page  129,  third  line,  for  Poplar  read  Aspen. 

Page  131,  third  line  from  bottom,  transpose  "  long"  and  "  wide.** 

Page  132,  ninth  line  from  bottom,  for  21,000  read  2,100. 

Page  133,  fifth  line,  for  84  read  74. 

Page  136,  tenth  line  from  bottom,  for  7,600  read  8,490. 

Page  136,  add  at  last  line,  There  are  15  miles  of  raining  and  milling  ditches. 

Page  137,  tenth  line,  strike  out  "  union  colony." 

Page  146,  fifteenth  line,  strike  out  "  and  Mai  pais." 
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LETTER  OF  SUBMITTAL. 


Forestry  Division,  Department  of  Agriculture, 

Washington,  D.  C,  February  28,  1889. 

Sir  :  1  have  the  honor  herewith  to  submit  for  publication  as  a  special 
Bulletin  a  preliminary  report  by  Mr.  E.  E.  llussell  Tratman,  C.  E.,  on 
the  use  of  metal  track  for  railways,  which  gives,  in  concise  form,  informa- 
tion in  regard  to  the  use  of  this  substitute  for  timber  ties  in  foreign 
countries. 

This  report  forms  a  fit  sequel  to  Bulletin  No.  1,  from  this  Division,  on 
the  "  Relation  of  Eailroads  to  Forestry,"  which  has  found  so  much  favor 
witli  railroad  managers  and  engineers. 

Recognizing  that  the  enormous  drafts  of  the  railroads  on  our  timber 
resources  and  especially  on  the  young  growth — the  hope  of  our  future 
forestry — are  among  the  most  dangerous  factors  in  the  exhaustion  of 
our  timber  supply,  it  is  in  the  interest  of  forest  preservation  to  keep 
railroad  managers  informed  of  the  possibilities  in  the  use  of  substitutes 
and  the  advantages  to  be  derived  therefrom. 

Through  the  courtesy  of  ]\Ir.  George  C.  S  mith,  manager  of  the  Chicago, 
Burlington  and  Quincy  Railroad  Company,  I  am  enabled  to  add,  as  of 
interest  to  the  same  class  of  readers,  an  account  of  the  highly  valuable 
experiments  on  seasoning  of  timber,  undertaken  by  the  chemist  of  that 
company. 

Notes  of  interest  bearing  on  the  same  line  of  inquiries,  such  as  have 
accumulated  in  the  Division  since  the  issue  of  Bulletin  No.  1,  have  also 
been  incorporated  in  the  present  issue. 

Respectfully  submitted. 

B.  E.  Fernow, 
Chief  of  Forestry  Division. 

Hon.  Norman  J.  Colman, 

Secretary. 
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METAL  TRACK  FOR  RAILWAYS. 

(PreUminary  Report  on  the  Uve  of  Metal  Track  on  ItailwaijH  in  Foreign  Countries.) 


LETTER    OF    TRANSMITTAL. 

Brooklyn,  N.  Y.,  February  1, 1889. 
Sib:  In  accordauce  with  the  arrange  men  ts  made  some  time  ago,  I 
have  been  engaged  for  several  montlis  in  collecting  material  to  be  used 
in  the  i)reparatiou  of  a  report  to  the  Department  of  Agriculture  upon 
the  use  of  metal  track  upon  railways  in  foreign  countries;  and  I  beg  to 
submit,  herewith,  a  brief  preliminary  report,  showing  the  scope  of  my  in- 
vestigations, and  giving  a  general  idea  of  the  extent  tawhich  such  track 
is  in  use.  Attention  has  for  some  ^ears  past  been  directed  by  the  De- 
partment ti)  the  destruction  of  the  forests  of  this  country;  and  as  the 
consumption  of  timber  for  railway  ties  is  very  great  (as  shown  in  Bulle- 
tin 1,  of  the  Forestry  Division,  on  the  "  Relation  of  Railways  to  Forest- 
ry,'' and  snbsequently  in  a  pu])er  by  me  presented  at  the  annual  meet- 
ing of  the  American  Forestry  Congress,  at  Atlanta,  Ga.,  in  December, 
1888),  suggestions  have  from  time  to  time  been  made  that  some  form  of 
metal  track  should  be  introduced,  both  to  effect  an  economy  in  the  con- 
sumi)tion  of  our  timber  resources  and  to  give  a  more  efficient,  durable,  and 
economical  track.  The  matter  has,  however,  been  given  very  little  prac- 
tical attention,  and  it  has  been  generally  taken  for  granted  that  the  use 
of  such  metal  track  in  several  foreign  countries  (of  which  the  home  and 
foreign  technical  journals  give  occasional  information)  has  been  entirely 
experimental.  This  is  an  erroneous  impression,  the  facts  being  that  ex- 
periments begun  many  years  ago  have  led  to  the  adoption  of  various 
systems  of  metal  track  in  different  countries.  A  number  of  the  systems 
tried  have  proved  fairly  efficient  in  service,  if  not  economical ;  the  sys- 
tems which  have  combined  efficiency  and  economy  are  few,  but  such  a 
combination  has  been  effected,  and  there  is  no  reason  why  it  cannot  bo 
adapted  to  and  applied  in  American  practice.  The  experiments  are 
still  in  progress,  and  careful  records  are  being  kept  of  the  results  ob- 
tained, both  with  regard  to  economy  and  etficieucy ;  but  the  questions 
I  of  the  advantages  and  the  feasibility  of  metal  track  have  passed  be- 
yond the  experimental  stage,  and  metal  track  for  railways  has  been 
brought  to  a  very  j^ractical  issue. 
My  tirst  proceeding,  after  the  preparation  of  the  report  had  been  de- 
cided upon,  was  to  draw  up  a  list  of  leading  questions  respecting  the 
Nubject  of  my  investigations  and  to  have  the  list  prii>ted.  A  copy  of 
this  list  is  appended  hereto.     Personal  letters  have  been  written  to 


eiigiiicer.s,  nr.iniigers,  inaimfaetmors,  etc,  in  all  parts  of  the  world,  ask- 
ing for  information,  and  in  eauli  case  a  copy  of  these  qncstions  has  been 
inclosed  in  order  to  show  the  character  of  the  information  desired.  At 
the  commencement  of  this  comprehensive  system  of  correspondence  I 
was  not  very  sanguine  as  to  the  results,  but  after  about  a  year's  expe- 
rience I  find  that  they  have-  been  eminently  satisfactory  and  have  far 
exceeded  my  expectations.  There  have  been  written  about  two  hundred 
and  fifty  separate  letters  of  ai)plication,  and  replies  have  been  received 
to  about  one  hundred  and  twenty  ;  some  in  brief,  but  a  large  munber  in 
detail,  accompanied  by  plans,  etc.  These  answers  required  acknowl 
edgment  and  sometimes  a  request  for  further  information,  and  this  has 
entailed  a  very  large  amount  of  personal  correspondence ;  aggregating, 
in  all,between  three  hundred  and  fifty  and  four  hundred  foreign  letteis. 
This  work  has  been  rather  laborious,  but  the  matter  collected  has  been 
well  worth  the  trouble,  while  the  work  has  resulted  in  the  getting  to- 
gether of  a  mass  of  information  which  has  probably  never  before  been 
gathered  for  purposes  of  compilation  and  comparison.  The  home  and 
foreign  technical  journals  have  also  been  closely  studied.  Tbe  varied 
information  thus  obtained,  with  details  of  the  various  systems  experi- 
mented with  or  adopted,  it  is  intended  to  present  in  full  in  the  main  re- 
[>ort;  meanwhile,  I  am  coutiuuing  the  investigations. 

As  the  particulars  respecting  the  length  of  line  laid  with  metal  track 
have  been  obtained  from  many  separate  companies  and  officers  in  many 
countries,  it  is  difficult  to  even  approximate  the  total  mileage  ;  but  the 
figures  given  in  the  succeeding  pages  will  prove  the  great  extent  of 
such  track  in  the  aggregate. 

In  Europe  it  is  the  usual  practice,  in  addition  to  the  use  of  metal 
track  for  railways,  to  use  steel  or  iron  longitudinals  or  cross  ties,  or  cast- 
iron  "chairs,"  for  street  railway  tracks,  using  no  wood  at  all,  but  bnly 
metal  and  concrete.  Steel  ties  are  also  extensively  usetl  for  contrac- 
tors' tracks,  portable  railways,  narrow-gauge  and  light  railways,  etc.,  in 
various  parts  of  the  world. 

With  regard  to  this  country,  very  little  has  been  done,  although  from 
time  to  time  a  few  ties  of  different  patterns  have  been  put  down  experi- 
mentally. The  Pennsylvania  Kailroad  has  tried  the  steel  tie  used  on 
the  London  and  Northwestern  Railway  of  England,  but  the  trial  in- 
cluded the  entire  system  of  English  track,*  with  its  objectionable  dou- 
ble headed  rail  supported  in  chairs;  a  form  of  track  which  it  is  to  be 
hoped  will  never  be  introduced  in  this  country.  This  trial  does  not  count 
for  much,  especially  as  the  tie  complete  is  very  expensive,  owing  to  the 
amount  of  shop-work.  (See  "Englaml.'-)t  The  Boston  and  Maine  Rail- 
road has  tried  a  few  wrought-iron  plate  ties,  and  the  New  York  Central 

"For  description  of  this,  see  my  paper  on  "  English  Railroad  Track,"  in  the  Traus- 
actions  of  the  American  Society  of  Civil  Engineers,  Juno,  1888. 

t  Four  or  live  diftbrent  typos  of  ties  have  been  tried  by  the  Penusylvania  Railroad 
Company,  all  of  which  have  been  taken  out,  with  the  exception  of  those  obtained 
from  the  Loudon  and  North wosteru  Railway  (England),  whigh,  aa  stated,  have  been 


and  Hiiilsoii  River  U-.iilroinl  kas  tried  cast-iron  "pots"  cxperiiuentally 
oil  a  small  sc.ile.  This  latter  road  will  make  a  careful  trial  of  the 
"Hartford"  steel  tie,  which  promises  well;  eight  hundred  of  these  ties 
have  beeu  ordered  and  will  be  laid  iu  April,  Auotber  tie  about  to  bo 
given  a  practical  trial  is  the  "Standard"  steel  tie,  in  which  the  rails 
rest  on  wood  blocks,  on  end  grain,  the  arrangement  being  somewhat 
similar  to  a  form  of  track  tried  on  the  Eastern  Railway  of  France.  Of 
these  types  of  ties,  lu)wever,  1  prefer  to  say  nothing  further  at  present, 
for  the  reason  that  however  advantageous  they  may  seem,  practical 
service  alone  can  decide  as  to  their  practical  advantages;  and,  if  suc- 
cessful, they  will  doubtless  be  modified  to  some  extent  to  meet  require- 
ments met  with  in  experience,  as  has  been  the  case  with  the  "  Post"  and 
all  other  successful  forms  of  ties. 

It  should  be  borne  in  mind  that  metal  ties  should  be  adopted  not  only 
as  a  substitute  for  timber  when  the  hitter  becomes  scarce  or  expensive, 
but  also  (and  more  particularly  on  main  lines)  as  giving  a  better  and 
more  efficient  form  of  track  for  fast  and  heavj^  traffic."  For  a  further 
explanation  of  this  view  I  would  refer  to  a  paper  on  "Maintenance  Ex- 
penses of  Track  on  Metal  and  Wooden  Ties,"  by  J.  W.  Post  (with  a  dis- 
cussion written  by  myself),  in  the  Transactions  of  the  American  Society 
of  Civil  Engineers,  June,  1888.*  Descriptions  of  some  of  the  earlier 
forms  of  metal  track  are  given  in  Engineering  News,  New  York,  Janu- 
ary and  February,  1887. 

In  concluding  this  introduction,  I  give  the  following  abstract  of  the 
opinions  presented  at  the  International  Railway  Congress,  held  at  Milan, 
Italy,  in  1887:  The  opinion  presented  at  the  Congress  at  Brussels,  in 
1885,  that  metal  ties  are  able  iu  point  of  efficiency  to  compete  with 
wooden  ties,  is  not  weakened  by  the  results  of  experience  of  the  two 
years,  and  the  use  of  metal  ties  is  extending.  In  point  of  economy, 
considering  the  first  cost  and  the  durability,  the  result  depends  upon 
the  material,  the  state  of  the  metal  market,  and  upon  local  circum- 
stances. As  to  the  cost  of  maintenance,  the  question  was  not  considered 
to  bo  fully  decided  on  lines  with  a  fast  and  heavy  traffic,  but  for  lines 
with  moderate  traffic  and  speed  it  was  the  opinion  of  the  majority  that 
the  metal  tie  presented  advantages,  especiall}' after  the  lapse  of  a  suffi- 
cient time  for  the  earth  works  to  have  thoroughly  settled  and  for  the 
taking  up  of  all  slack  in  the  fastenings. 

I  am,  sir,  respectfully  yours, 

E.  E.  Russell  Tratman, 
B.  E.  Fernow,  Jun.  Am.  Soe.  C.  E. 

Chief  of  Forestry  Division,  Department  of  Agriculture. 


loiincl  objectionable.  It  is  also  stated  that  as  long  as  white-oak  ties  can  be  got  at  65 
to  70  cents  each  it  wonld  be  foolish  to  use  metal  lies,  "costing  $:{  to  $1"  each.  That 
tlio  cost  for  niotal  ties  is  not  necessarily  as  liigh  as  that  given  as  objectionable  will 
appear  further  on  in  this  report;  a  good  tie  (Diirand  patent)  being  claimed  to  bo 
produced  from  old  rails  at  the  cost  of  $1. — li.  E.  F. 
*  Sue  repriat  m  this  Bulletin,  p.  '25. 


CIRCULAR. 


The  following  circular  was  aildressed  to  various  railroad  companies 
and  nianngers  in  Europe  and  other  countries. 

Metal  Track  for  Eailroada. 

Tbo  inforniatioti  outlined  below  is  desired  for  the  purpose  of  a  report  to  the  U.  S. 
Depurtineut  of  Agriculture  ou  tbe  use  of  uietal  ties  (sleepers)  for  railroad  tracks,  and 
it  is  requested  as  a  favor  that  all  iufonnatiou  furnished  should  bo  as  complete  as 
possible  and  sent  at  the  earliest  possible  convenience. 
Respectfully, 

E.  E.  EUSSELL  Tratma>,  C.  E., 
144  iiemsen  street,  Brooklyn,  New  York,  U.  S.  America. 

INFOBMATIOX. 


Railroad : 

1.  Nauio. 

2.  Route, 

;5.  Length  of  Hues  laid  with  metal 
sleepers. 

4.  Character  of  same.     (Particulars 

of  grades,  curves,  etc.) 

5.  Dates  when  laid. 

6.  Engiucer  in  charge. 

7.  Character  of  trafhc. 

8.  Weight  of  locomotives  and  weight 

ou  driving'  wheels. 

Sleeper : 

9.  Longitudinal, transverse, or  howl. 

10.  General  form. 

11.  Dimensions,  including  thickness. 

(Figured  drawings.) 
It*.  Weight. 
i:<.  Material. 

14.  Spacing  center  to  center. 
If).   How    treated.     (Paint,   anti-rust 

process,  etc.) 
IG.  Manufacturer. 

17.  First  cost,  at  factory  or  delivered. 

18.  Expense  of  maintenance. 

19.  Attachment  of  rails.    (Details  and 

drawings.) 

20.  Arrangements  for  curves. 
10 


Sleeper — Continued. 

21.  Tie-rods;  if  used,  how  attached 

and  adjusted  for  gauge. 

22.  Durability. 
Track : 

23.  Material  of  ballast. 

24.  Behaviorof  ballast  under  sleeper. 

25.  Construction  of  road-bed.  (Draw- 

i'>g-) 

26.  Section  and  weight  of  rail. 

27.  Rail  joints:  how  made. 

28.  Rail  joints ;    ou  sleeper  or  sus- 

. pended. 

29.  Reasons  for  adopting  metal  sleepers. 
:?0.  General  results:  satisfactory  or  other- 
wise. 

cil.  Is  there  trouble  with  maintenance  of 
track  ? 

32.  Is  there  trouble  with  rail  attachmeutsf 

33.  Is  there  trouble  from  breakages  ;  bow 

and  where  do  they  usually  occu-? 

34.  Efhciency,   etc.,    as    compared    with 

wooden  sleepers. 

35.  Cost,    material,    and     durability     of 

wooden  sleepers. 

30.  Climate;  and  effect  of  same  on  metal 
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REPORT. 


EUROPE. 

England. — In  England,  steel  ties  have  during  the  past  few  years  been 
tried  to  a  greater  or  less  extent  on  quite  a  number  of  tlie  principal  lines. 
Foremost  among  them  is  the  London  and  NortUwesterii  Railway,  which 
has  between  20  and  30  miles  of  track  laid  with  the  steel  cross-tie  in- 
vented by  Mr.  F.  W.  Webb,  the  locomotive  superintendent  of  the  road, 
in  1888  there  were  83,20i  of  them  in  use,  and  the  experience  with  them 
had  covered  then  six  and  one-half  years.  These  ties  have  been  exi^eri- 
mented  with  on  the  Peiinj^lvania  Railroad. 

The  general  type  used  is  the  steel  "inverted  trough"  in  different 
forms,  either  rolled  or  stamped.  As  the  system  of  track,  however,  in- 
cludes the  double-headed  rail,  these  ties  arc  fitted  with  the  usual  heavy 
cast-iron  chairs  to  hold  the  rail  (the  Webb  tie  has  the  chairs  made  of 
steel  plates),  and  the  track  is  unnecessarily  heavy  and  costly.  The 
chief  difliculty  is  said  to  be  in  adapting  the  steel  lie  to  the  double- 
headed  rail,  it  being  difficult  to  make  a  good  piece  of  work.  The  North- 
eastern l^ailway,  however,  is  trying  steel  ties  under  flange  rails  weigh- 
ing 1)0  pounds  per  yard,  which  is  a  step  toward  the  ideal  track  for  main 
lines. 

France. — Experimentswith  metal  cross-ties  have  been  made  on  nearly 
all  the  i>rinci{)al  railways,  and  a  large  nuujber  of  types  have  been  tried, 
but  several  of  them  have  been  of  complicated  design,  and  therefore  nu- 
t'cononncal.     Longitudinal  systems  have  been  tried  to  a  small  extent. 

On  the  State  Railways  a  number  of  trials  have  been  made,  and  with 
some  forms  of  tie  very  good  results  have  been  obtained,  enabling  a 
reduction  to  be  made  in  the  maintenance  statf.  In  1880  there  were  or- 
dered 17,000  ties  of  the  "  Post"  type  and  80,000  ties  of  the  old  "  Berget- 
Marche"  type.  In  1888  there  were  («)  2.10  miles  laid  with  the  "  Pau- 
let-Lavallette"  ties,  with  double-headed  rails  in  chairs;  (/>)  7.35  miles 
hiid  with  a  tie  similar  to  the  "Post"  type,  with  double-headed  rails, 
and  30,000  more  of  these  ties  had  been  ordered  ;  (c)  8.SC  miles  laid  with 
.similar  ties,  but  with  flange  rails.  Of  these  {a)  had  been  laid  in  1885, 
(h)  and  (c)  in  1887.  On  the  Paris  and  Bordeaux  line,  4.4  miles  of  "  Van- 
lliorin"  ties  of  uniform  thickness  were  laid  between  November,  1880, 
and  February,  1887  ;  4.5  miles  of  "  Vautherin  "  ties  of  varying  thickness 
similar  to  the  "Post"  type)  were  laid  in  February  and  ^Sfarch,  18S7, 
and  .50  mile  was  laid  with  the  "  Boyenval  and  Ponsard"  ties  in  April, 
1888. 

The  Paris,  Lyons  and  Mediterranean  Railway  used  an  old  type  of 
iron  tie  several  years  ago,  hut  abandone«l  it  on  account  of  the  ties  cost- 
ing more  than  the  wooden  t  ies  and  {giving  a  less  firm  and  durable  track  ; 
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this  hitter  defect  was  i)i'ol)al)ly  due  to  the  ohl-fiishionod  "gib  and  cot- 
ter'' fastening  employed.  These  ties  were  hiid  in  KSGli  and  following 
years,  and  had  all  been  taken  out  in  1872.  Good  results  have  been  ob- 
tained with  metal  ties  on  the  Algerian  system  controlled  by  this  com- 
pany.   (See  "Africa.") 

The  Northern  Hallway  laid  trial  sections  of  its  Belgian  lines  with  the 
"Severac"  and  "Bernard"  ties  in  1885,  and  laid  10,000  of  the  former 
on  its  French  lines  in  1888. 

The  Western  Kail  way,  which  used  the  old  double-headed  rail,  has  ex- 
perimented with  iron  ties  upon  which  the  rail  chairs  were  cast;  about 
1.3  miles  were  laid  in  1887. 

The  Eastern  Railway  has  tried  steel  ties  with  wooden  cushions  or 
bearing  blocks  under  the  rails,  and  has  also  laid  about  one  hundred  of 
the  "  Post "  ties. 

Holland. — In  this  country  probably  the  most  extensive  and  most  valu- 
able, because  continuous  and  systematic,  trials  have  been  made,  and  the 
trials  have  resulted  in  improvements  which  have  served  to  develop  the 
now  well-known  and  extensively-used  "Post"  steel  cross-tie  of  varying 
thickness,  the  thickness  being  increased  under  the  rail  seat.  The 
"  Post"  tie,  the  invention  of  Mr.  Post,  the  engineer  of  permanent  way 
of  the  Netherlands  State  Eailway  Company,  is  economical  both  in  con- 
struction (owing  to  its  requiring  a  minimum  of  shop-work,  all  of  which 
adds  to  the  cost  of  a  tie)  and  in  maintenance,  and  has  proved  very 
eflBcient  in  service. 

On  the  Netherlands  State  Railways  the  experiments  have  been  in 
l)rogress  since  1865,  and  the  steel  tie  designed  by  Mr.  Post  and  im- 
proved by  him  from  time  to  time  in  the  light  of  practical  experience 
has  been  adopted  on  this  system.  In  the  early  part  of  1888  the  system, 
which  comprises  910  miles  of  road,  had  91  miles  of  track  laid  with  these 
ties.  Of  10,000  ties  laid  in  1865,  9,550  were  still  in  the  track  and  were 
expected  to  last  twenty  years  more,  although  they  were  of  the  earlier 
type  of  the  tie,  which  has  since  been  improved  upon.  As  to  breakages, 
out  of  162,034  ties  laid,  not  one  had  broken. 

In  the  early  part  of  1888  there  were  in  use  457,300  ties  (about  23,800 
tons)  of  the  "Post"  type  in  Holland,  Belgium,  France,  Germany, 
Switzerland,  and  Asia  (colonies) ;  about  272,700  ties  (about  12,700  tons) 
more,  including  ties  for  narrow-gauge  railways  and  for  the  rack  rail- 
way in  Sumatra,  were  being  manufactured;  making  a  total  of  about 
730,000  ties,  or  36,500  tons,  of  this  one  type.     (See  page  25.) 

Belgium.-— On  the  Belgian  State  Railway  system  the  "Post"  tie  has 
bct-n  laid,  but  it  is  heavier  than  that  used  on  the  Netherlands  State 
Railway  and  heavier  than  the  inventor  considers  necessary  or  desirable. 
It  should  be  noted  that  it  is  not  economical  to  use  more  metal  than  ex- 
perience has  shown  to  be  necessary.  Experiments  have  been  made  on 
rather  a  large  scale,  and  in  18S7  three  types  were  experimented  with 
on  various  lines,  and  one  of  these  types  appeared  to  meet  the  requirc- 
meuts  for  fast  and  heavy  traffic.    In  18S5  it  was  decided  to  put  down 
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35,000  ties  of  the  "  Post "  (old)  type,  35,000  ties  of  a  type  invented  bj- 
the  chief  engineer  of  the  road,  and  5,000  ties  of  the  <'  Bernard"  tyi)e. 
Some  "  Bernard  "  ties  were  also  laid  in  188G-'87. 

The  Grand  Central  Kailway  has  also  had  satisfactory  results  with 
metal  ties.  In  1873  the  superintendent  of  permanent  way  reported  that 
he  was  fully  satisfied  with  the  experience  then  acquired  with  metal  ties, 
but  he  was  unable  to  adopt  them  further  at  that  time  owing  to  a  great 
advance  in  the  price  of  iron.  In  his  reports  for  188G  and  1887  he  stated 
that  the  favorable  results  had  been  still  more  marked,  and  during  1887 
there  were  6,000  metal  ties  laid. 

Metal  ties  of  the  "  Coblyn  "  type,  for  light  railways,  have  been  defi- 
nitely adopted  by  the  Soci^t^  Anonyme  des  Chemins  de  Fer  ficono- 
miques,  and  have  also  been  tried  on  the  lines  of  the  Soci6te  Nationale 
des  Chemins  de  Fer  Vicinaux,  the  Netherlands  lines,  the  Liegeois  and 
Luxembourg  division  (on  Belgian  territory)  of  the  Netherlands  State 
Kailway,  and  on  the  Liege  and  Seraing  line.  Metal  ties  have  been  tried 
on  the  Belgian  division  of  the  Northern  Railway  of  France,  including 
5,500  ties  of  the  "Bernard"  type. 

Germany. — On  the  State  Railways  a  number  of  different  systems  of 
metal  track  of  longitudinal  and  transverse  types  have  been  tried  for 
several  years,  and  some  types  have  been  regularly  adopted  on  certain 
divisions.  The  investigations  and  trials  are  still  in  progress.  In  1887 
the  State  Railway  system  had  a  length  of  about  13,193  miles,  with  about 
-3,002  miles  of  track;  of  this  amount  about  5,530  miles  had  metal  track — 
3,131  miles  being  laid  with  cross-ties  and  2,399  miles  with  longitudinals. 
Very  careful  records  of  the  trials  have  been  kept.  In  the  year  18SG-'87 
there  were  laid  868,262  new  cross-ties  and  64,094  longitudinals.  In  Feb- 
ruary, 1888,  500,000  "Post"  ties  were  being  made  for  German  lines. 

For  the  Rhenish  Railway  system  308,000  ties  (10,775  tons)  were  pur- 
chased in  1877-'79.  On  the  LeftBank-of-the-Rhine  Railway,  which 
comprises  1,681  miles,  there  are  943  miles  with  metal  cross-ties  and 
211  miles  with  longitudinals,  the  balance  being  on  wooden  cross  ties. 
The  first  cross-ties  were  laid  in  1876  and  the  first  longitudinals  in  1872, 
Since  1879  metal  sleepers  only  have  been  used.  On  the  Elberfeld  <li- 
visiou  of  the  Prussian  State  Railways  (1,646  miles)  there  are  790.5  miles 
laid  with  wooden  ties,  762.5  with  iron  ties,  and  93  miles  with  iron  lon- 
jritiulinals.    They  were  laid  in  different  years  between  1869  and  1880. 

The  experience  with  iron  longitudinals  and  cross-ties  was  very  favor- 
able, but  still  better  results  have  been  obtained  since  steel  was  intro- 
«luced.  Wooden  ties  are  still  used  in  great  numbers,  partly  on  account 
'  r  their  lower  first  cost  and  partly  on  account  of  the  policy  of  the  Prus- 
sian Government  to  keep  up  the  supply  of  timber  by  domestic  cultiva- 
tion and  forest  management. 

Austria. — In  this  country,  longitudinal  systems  of  metal  track  have 
been  extensively  used.  The  Northwestern  Railway  lias  a  total  of  r»9} 
miles  of  track  laid  with  the.  '' Iloheiiegirer'"  system  of  longitudinals, 
anrl  the  economy  over  wood  i.s  reported  to  be  noticeable.     These  longi- 
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tndiniiis  jiave  been  laiil  in  small  sections  yesu-  by  year  since  l87G  ;  tlie 
earlier  ones  were  of  iron,  bnt  the  latter  ones  are  of  steel.  The  "  Ileindl" 
system  of  longitudinals  is  in  use  on  a  number  of  roads;  the  first  were 
laid  in  1883,  and  at  the  end  of  1887  there  was  an  aggregate  of  about 
141  miles  laid  with  this  system  of  track,  a  considerable  portion  being  on 
mountain  divisions  and  including  0,634  miles  on  the  Arlbcrg  tunnel  line. 

Siritzerland. — The  Central  Railway  had  100,000  metal  ties  in  use  at 
the  end  of  1881,  and  proposed  to  lay  30,000  per  annum  till  its  whole 
system  had  been  thus  laid.  The  Western  and  Simplon  llailways  began 
using  metal  ties  in  1883,  and  have  been  very  well  satisfied  with  them. 
The  (lotthard  Railway  uses  them  very  extensively,  and  they  have  also 
been  adopted  on  the  Mount  Pilatus  Rack-Railway.  In  F(!bruary,  1888, 
the  Hoerde  Works  reported  that  they  were  delivering  100,000  "Post" 
ties  to  the  Gotthard  Railway  and  100,000  to  the  Western  Railway. 

Italy. — Metal  track  has  been  used  very  little,  if  at  all,  and  oak  ties 
are  obtainable  in  ample  quantities  and  at  a  moderate  price ;  and  as  there 
are  extensive  timber  resources  such  track  will  not  be  necessary  for 
many  years.  It  has  been  proposed,  however,  to  lay  steel  ties  on  some 
sections  of  the  Mediterranean  Railway  system.  The  Government  has 
used  steel  ties  for  short  military  railways  in  its  African  campaigns. 

Spain. — The  line  from  Bilbao  to  Las  Arenas  has  7.1  miles  laid  with 
steel  cross-ties,  and  it  is  believed  that  they  will  prove  more  economical 
than  wood.  The  line  is  1-metre  gauge.  The  Almanza,  Valencia  and 
Tarragona  line  has  2>1  miles  laid  with  the  De  Bergue  system  of  cast- 
iron  plates  connected  by  tie-rods.  This  system  is  found  to  give  greater 
economy,  and  the  gauge  is  maintained  better  than  with  wooden  sleep- 
ers. The  division  between  V^alencia  and  Tarragona  was  laid  with  this 
tiack  in  1800,  and  the  division  between  Almanza  and  ^^alencia  in  1873. 

Sweden. — On  the  State  Railways  about  two-thirds  of  a  mile  were  laid 
with  metal  ties,  for  experimental  purj^oses,  in  June,  1880.  This  is  the 
only  case  where  they  have  been  used  in  Sweden  or  Norway. 

BenmarJc. — On  the  State  Railways  steel  cross-ties  were  laid  for  about 
18  miles  in  1883-84;  but  the  results,  as  reported  to  me  in  1888,  have 
not  been  entirely  satisfactory,  owing  to  the  insulliuient  weight  and 
strength  of  the  ties. 

Russia.* — Metal  ties  have  only  been  used  to  a  very  limited  extent,  on 
two  branch  lines,  and  even  there  they  have  not  been  snlhciently  used 
to  enable  any  reliable  conclusions  to  be  drawn  from  the  experiments. 

AFRICA. 

Cape  Colony. — The  Cape  Government  Railways  have  some  sections  of 
the  lines  laid  with  cast-iron  bowls ;  they  are  arranged  in  pairs  and  con- 

*  The  metal  ties  laid  on  the  Moscow  Kursk  Railway  were  removed  because  tlieir  main- 
tenance was  found  more  expensive  than  that  of  wooden  ties.  It  is  claimed  that  at 
present  prices  for  wood  and  for  metal  in  Russia,  the  metal  ties,  woii^hing  105.8  pounds, 
with  an  estimated  duration  of  thirty-five  years,  were  two  and  a  half  times  as  expen- 
sive as  the  pine  ties  impregnated  with  chloride  of  zinc,  lasting  ten  years,  and  one 
and  one-half  as  expeusivo  as  oak  impregnated  and  lasting  six  years.  Conditions  in 
Russia,  however,  are  exceptional  as  regards  l;it>or  and  material. — \i.  E.  F. 


nected  by  transverse  tierocU.  The  Delagoa  Bay  Railway,  one  of  the 
new  lines  opening  np  tlie  interior,  is  laid  principally  with  steel  ties. 

Senegal. — Abont  5,000  ties  of  the  "  Severac"  type  have  been  ordered 
for  the  railways  in  this  FreucU  colony.  Cast-iron  bowls  are  used  on  the 
French  island  of  Reunion. 

Egypt. — On  the  Egj'ptian  Agricultural  Railways,  wroughtiron  plates 
connected  by  tie  rods  have  been  used,  and  also  cast-iron  '•i>()t8"  or 
bowls.  In  the  English  campaign  of  1S85  a  short  length  of  light  r;iil- 
way  of  18-inch  gauge,  with  corrugated  steel  cross-ties,  was  laid  at  Sua- 
kim,  but  the  line  was  soon  taken  up. 

Algeria. — Metal  ties  are  used  on  the  Algerian  lines  controlled  by  the 
Paris,  Lyons  and  Mediterranean  Railway  Company  (France);  J(),000 
ties  were  laid  in  1870,  and  have  given  good  results.  In  18 iT-OO  the 
Algiers  and  Oran  line  put  down  90,000  iron  ties  of  the  "Vantherin" 
type;  the  Bone  and  Guehna  line  i)ut  down  3,500  ties  of  the  "Severac" 
type  and  2,500  of  the  '•  Boyenval-Ponsard"  type.  It  is  estimated  that 
the  use  of  metal  ties  has  saved  one-fourth  of  the  labor  formerly  required 
for  maintenance,  or  about  $G0  per  mile  per  annum. 

ASIA. 

India. — lu  this  country,  steel  cross-ties  and  cast-iron  bowls  and  plates 
(the  latter  types  arranged  In  pairs)  arc  very  extensively  used,  and  tlic 
use  of  metal  track  is  extending  very  rapidly',  large  contracts  being  frc 
quently  awarded  for  the  companies'  and  the  Government  lines.  l']\ c.i 
in  Burmah,  where  wood  has  been  generally  used  till  recently,  steel  tics 
are  beginning  to  be, introduced. 

About  525,000  tons  of  steel  ties  have  been  sent  out  from  England 
during  the  last  few  years,  and  there  are  nearly  300  miles  of  the  State 
lines  now  laid  with  this  form  of  track;  a  large  number  of  mdes  of  private 
companies'  lines  are  also  laid  with  steel  ties.  The  general  results  are 
reported  to  be  good,  and  the  ties  give,  on  the  whole,  much  satisfaction. 
They  are  used  for  lines  of  1  metre  and  5  feet  G  inches  gauge. 

There  are  over  1,G00  miles  laid  with  cast-iron  track  of  different  types, 
and  these  also  give  satisfactory  results  in  general.  Such  tracks  have 
been  in  use  for  twelve  or  fourteen  years.  Of  the  "  Denham  Olpherts" 
type  alone  more  than  2,000,000  pairs  have  been  made  for  double- headed 
rails -and  about  G00,000  pairs  for  flange  rails.  On  the  East  Indian  Rail 
way  there  were  1,311,000  of  these  "  Denham-Olpherts"  plate  sleepers 
at  the  end  of  1887,  and  the  breakages  since  1885  had  averaged  only  0.81 
per  cent,  per  annum.  They  give  good  results  in  reducing  the  work  ol 
maintenance,  there  being  a  saving  of  about  G.J  per  cent,  of  renewals  p<i 
annum.  In  some  of  these  sleepers  wooden  cushions  are  used  for  the  rail-* 
to  rest  on.  On  one  division  of  the  Indian  Midland  Railway  the  percent- 
age of  renewals  of  the  •'  Den!iani-01t)'ierts"  plate  sleepers  was 0.3 1. 

Japan. — A  few  cast-iron  '"  pol  "  sleepers  were  lai<l  when  the  first  line^^ 
were  built,  about  1871,  but  they  have  nearly  all  been  taken  up  again  and 
hardly  any  now  remain  in  the  track,  while  for  new  lines  timber  ties  are 
used  exclusively. 
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China. — Steel  cross- ties  are  to  be  tried  as  an  experiment  on  tbo  new 
railway  wliicli  was  opoiied  last  year. 

AUSTRALIA. 

Queensland. — The  first  metal  sleepers  ever  made  in  Australia  have 
been  tried  in  this  colony,  an  experimental  section  of  a  few  miles  long 
having  been  laid  with  the  "  Phillips  "  type.  This  is  a  steel  cross-tio 
intended  for  prairie  work,  where  the  track  is  laid  on  the  surface  of  the 
gronnd  ;  it  is  designed  to  be  used  without  ballast,  being  simply  packed 
with  surface  soil.  Some  years  ago  about  1,000  wroughtiron  ties  were 
laid,  but  they  only  lasted  about  five  years,  as  they  generally  fractured 
nnder  the  rail-seats,  owing,  it  is  said,  to  defective  fastenings ;  they  were 
laid  in  broken-stone  ballast. 

In  regard  to  the  "Phillips"  type,  Mr.  Phillips  kindly  reports  to  me 
as  follows,  under  date  of  January  2,  1889,  and  it  is  especially  interest- 
ing as  showing  that  metal  track  is  adapted  for  other  lines  than  thos6 
with  heavy  traffic: 

I  have  just  retnrnecl  from  North  Queensland,  where  I  have  been  constructing  a 
section  of  railway  36  miles  in  length  on  my  system.  The  country  I  am  dealing  with 
is  between  the  port  of  Normanton,  in  17°  45'  S.  lat.  and  141°  10'  E.  long.,  and  a  new 
goldfield  by  the  name  of  Croydon,  situated  about  85  miles  E.  S.  E.  from  Normanton. 
The  country  is  almost  uniformly  even,  and  the  Norman  River  is  the  only  important 
river  crossed.  The  first  4  miles  are  over  gravel  ridges,  when  i^  descent  of  1  in  70  for 
half  a  mile  brings  the  line  down  to  the  level  of  the  river  Hats  ;  the  soil  is  dark  clay 
with  a  slight  .admixture  of  alluvial  sjind.  This  description  of  country  extends  to  14 
miles,  where  the  river  is  crossed  with  a  low  level  timber  bridge  (principqjly  20-feet 
spans)  on  a  sandstone  rock  bottom.  Thence  to  Croydon  the  country  is  very  uniform 
in  character — fine  sandy  soil,  covered  with  a  more  or  less  thicli  forest  of  inferior  and 
stunted  timber,  sometimes  dense  enough  to  be  called  brush  or  scrub.  There  is  no 
forest  timber  of  sufficient  dimensions  in  the  district  available  for  ties  or  bridge  work, 
neither  is  there  any  stone  for  b.allast,  except  by  quarrying  below  the  surface,  and 
that  is  sandstone  of  an  inferior  and  very  soft  description.  The  country  is  almost 
uniformly  even,  except  at  the  4-mile  peg,  where  there  is  a  cutting  of  about  5  feet  and 
an  embjinkmeut  of  equal  height.  I  commenced  track-laying  July  7,  and  completed 
32  miles  on  December  29  ;  fully  seven  weeks  were  lost  through  non-delivery  of  ties, 
so  that  the  average  rate  of  progress  was  1|  miles  per  week  of  six  working  d.ay8. 
The  number  of  men  employed  in  («)  clearing  track  6G  feet  wide,  (h)  grubbing,  (c) 
ploughing,  harrowing,  and  rolling  central  width  of  10  feet,  (d)  track-laying,  (<■)  lifting 
and  p.acking  ties,  and  (/)  straightening  track,  never  exceeded  05,  with  one  team  of 
bullocks  (12)  and  one  horse.  Cost  per  mile  for  labor  only,  $G30;  wages  for  laborers, 
$i.50  per  day;  gangers,  $3.15.  The  ploughing,  harrowing,  and  rolling  cost  $75  per 
mile,  and  is  included  in  the  $630.  The  total  cost  was  under  $15  per  lineal  foot. 
The  best  day's  work  was  .525  mile,  and  the  best  week's  work  a  little  over  2  miles. 
No  b<allast  has  been  provided  and  no  aide  or  cross  drains  cut;  the  only  water- 
ways are  at  well-defined  and  water-worn  channels.  The  total  timber  bridging  on 
the  3G  miles  is  1,108  lineal  feet,  and  only  one  box-drain  has  been  put  in.  From 
20J  miles  to  36  miles  there  is  not  a  single  water-way  of  any  description.  The  cost  is 
under  $15  per  lineal  foot. 

The  material  train  has  never  failed  to  run  to  the  head  of  the  road  dailj',  from  the 
commencement  of  track-laying,  although  there  have  been  some  very  heavy  thunder- 
storms with  1  to  2  inches  of  rain-fall  in  an  hour.  The  track  is  laid  with  steel  fiango 
rails,  4U  pounds  per  yard,  26  feet  long,  fastened  to  mild  stoil  cross-ties,  weighing  84 
pounds  each,  11  ties  to  a  rail  length.     The  average  gross  load  of  the  material  train. 
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100  tons.  The  locomotive  employed  is  a  six-wheeled  eiinino  of  English  build.  The 
country  passed  through  is  l/l'lieved  to  bo  the  softest  in  wet  weather  to  be  found  in 
Australia,  but  so  far  no  trouble  has  been  experienced  with  the  line.  The  country  is 
infested  with  white  ants  (termites),  and  ties  of  the  best  hard  woods  of  the  colony 
will  not  last  more  than  3  years  in  the  form  of  ties.  The  government  now  in  power 
are  not  very  lavorablo  to  my  system,  but  I  hope  to  be  able  to  induce  them  to  complete 
the  Croydon  liailway  on  my  system.  I  believe  my  system  might  be  applied  with 
advantage  to  your  prairie  country  subject  to  heavy  raiu-falls. 

Ifew  ^ouih  Wales. — About  1,000  steel  cross-ties  were  laid  in  1882.  In 
1887  it  was  reported  that  tliey  were  in  bad  condition,  but  this  may  have 
been  due  (if  correct)  to  the  fact  that  the  manufacture  of  steel  ties  was 
in  its  infancy  in  1882. 

/South  Amtralia. — In  March,  1888,  the  agent-general  in  England  re- 
l)orted  to  me  that  metal  sleepers  were  being  laid  on  a  new  line  145  miles 
long,  not  then  open  to  traflSc. 

SOUTH  AMERICA. 

Argentine  Republic. — la  this  State,  cast-iron  "pot"  sleepers  are  used 
almost  exclusively,  except  in  the  far  west  and  north.  The  Buenos 
Ayres  Great  Southern  Railway,  which  began  operations  in  I8G0,  has 
135  miles  of  double  track  and  819^  miles  of  single  track  laid  with  cast- 
iron  sleepers  of  an  improved  design.  They  are  adopted  on  account  of 
the  difficulty  of  procuring  good  hard- wood  ties  in  sufficient  quantity 
and  the  greater  expense  of  these  wooden  ties;  also  because  they  give 
a  more  rigid  and  satisfactory  track.  The  Central  Argentine  Railway 
has  24G  miles  laid  with  cast-iron  track.  The  Santa  Fe  and  Cordoba 
Railway  ordered  20,000  steel  ties  in  England  in  1888. 

Chili. — Steel  ties  have  been  tried  to  a  small  extent,  but  the  type  was 
considered  too  heavy  and  expensive.  Previous  to  the  award  in  No- 
vember last,  to  an  American  syndicate,  of  the  contract  for  building  about 
780  miles  of  railways  for  the  State,  proposals  had  been  invited  by  the 
Chilian  legation  in  France  for  the  supply  of  739,400  metal  ties  0  feet 
long  and  725,100  ties  4J  feet  long. 

United  States  of  Colombia. — There  has  been  some  talk  of  adopting 
metal  ties  on  the  Bolivar  Railway. 

MEXICO. 

The  Mexican  Railway  (Vera  Cruz  line)  is  using  a  large  number  of 
steel  ties  of  the  type  in  general  use  in  India,  and  has  obtained  very 
good  results  with  them,  especially  at  times  when  the  road  has  been 
flooded.  These  tics  were  first  used  in  1884,  and  at  the  end  of  June, 
1888,  there  were  46J  miles  of  track  laid  witli  steel  ties.  The  Mexican 
('entral  Railway  has  been  contemplating  the  adoption  of  the  same  typo 
of  tie  on  the  mountain  division  of  the  road,  the  advantages  being  that 
they  last  longer  than  wooden  ties  and  keep  the  track  in  perfect  gauge. 

The  above  report  is  respectfully  submitted  for  consideration. 

E.  E.  Russell  Thatman, 

February  1,  1889.  Jun.  Am.  Soc.  C.  E. 

18089— Bull.  3 2 
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Appendix  A. 
THE  "POST"  TIE. 

This  tie,  of  which  so  much  has  been  heard,  is  probably  the  most  suc- 
cessful of  all  the  various  types  of  metal  ties  that  have  been  put  in  serv- 
ice, and  the  success  is  largely  due  to  the  care  which  has  been  taken  in 
noting  the  results  obtained  and  in  waking  such  improvements  as  expe- 
rience has  shown  to  be  desirable.  Consequently,  the  present  form  of  the 
tic  is  the  result  of  many  improvements,  and  represents  several  years  of 
experience  and  careful  study.  It  is  a  cross-lie  rolled  from  mild  steel 
(Bessemer,  Thomas,  or  Siemens-Martin);  its  section  is  that  of  an  inverted 
trongh,  with  flaring  sides  forming  a  section  of  a  polj'gon;  it  is  narrow 
and  deep  in  the  middle,  the  ends  are  closed,  and  the  bottom  edges  are 
thickened  to  form  a  rib.  One  of  its  special  features  is  its  varying  thick- 
ness, giving  an  ample  thickness  of  metal  at  the  rail  seat,  where  the 
'greatest  strength  is  required,  and  a  less  thickness  at  the  middle  and 
""s.  Thus  the  weight  of  the  ties  as  now  used  is  from  110  pounds  to 
pounds  each,  corresponding  to  12G.5  and  139.15  pounds  if  they  were 

dniform  section.  This  feature  represents,  therefore,  an  economy  of  15 
per  cent,  of  metal  as  compared  with  a  tie  with  a  uniform  thickness  equal 
to  the  maximum  thickness  of  the  "  Post "  tie.  In  the  operation  of  roll- 
ing, the  varying  thickness  is  given  and  also  the  shape  of  the  tie,  while 
the  bending  of  the  ends  to  give  the  rails  an  inward  inclination  of  1  in  20 
(in  accordance  with  European  practice)  is  done  during  the  same  oxiera- 
tion. 

The  shape  of  the  middle  portion  of  the  tie  is  designed  with  a  purpose, 
as  it  is  claimed  that  by  narrowing  this  x)ortion  the  ballast  is  kept  from 
working  away  from  under  the  rail  seat,  and  in  this  way  a  stable  road-bed 
and  track  are  secured,  thus  diminishing  the  work  of  maintenance.  It 
prevents  the  tendency  of  the  ballast  to  work  towards  the  middle  and 
form  a  ridge  on  which  the  tie  would  rest,  giving  a  rocking  motion  to  the 
track,  but  gives  it  a  tendency  to  pack  well  under  the  rail  seat.  The  in- 
creased depth  of  this  portion  gives  additional  strength  to  resist  bending 
and  also  offers  increased  resistance  to  creeping. 

The  following  are  the  principal  dimensions,  given  in  the  original 
metric  measure  and  also  reduced  to  feet  and  inches:  Length  overall, 
2.55  to  2.G5  metres  (8.304  to  8.G92  feet) ;  width  over  all  at  rail  seat,  235 
millimetres  (9.40  inches) ;  width  over  all  at  middle,  about  5.30  inches; 
width  of  rail  seat,  110  millimetres  (4.40  inches)  ;  width  of  end,  280  milli- 
metres (11.20  inches) ;  depth  under  rail,  74.5  to  75.5  millimetres  (2.08  to 
3.02  inches) ;  depth  at  middle,  125  millimetres  (5  inches).  Thickness  of 
cross-section  at  rail  seat  varies  as  follows:  Thickness  at  bottom  of  llange,  G 
millimetres  (.24  inch) ;  thick  uess  at  upper  part  of  flange,  7  millimetres  (.28 
inch) ;  thickness  at  rail  seat,  9  to  10  millimetres  (.3G  to  .40  inch) ;  thick- 
ness at  bolt-holes,  12  to  13  millimetres  (.48  to  .52  inch) ;  thickness  at 
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middle  and  ends,  G  to  V  millinietrcs  (.2-4  to  .28  inch).     The  rib  on  the 
lower  edge  of  the  lianges  has  a  depth  of  abont  18  niillinietres  (.72  inch) 
ind  projects  about  13  uiillinietrcs  (.52  inch)  bej'ond  the  outer  faee  of  tkt 
llange. 

For  narrow-gauge  and  light  railways  the  dimensions  would  be  n*- 
duced  in  accordance  with  the  weight,  and  for  such  lines  a  weight  ot  72.(5 
to  77  pounds  is  considered  sutlicient. 

For  rail  fastening;s  reliance  has  been  place<l  njion  bolts,  and  the  re- 
sults have  been  entirely  satis (sictory ;  the  fastenings  keep  tight,  pre- 
vent vibration  and  rattlin<^,  and  require  little  attention  after  tlie  track 
has  become  well  settled.  The  bolt-holes  are  oblong,  and  hive  rounded 
corner.s.  The  bolt  used  is  91  millimetres  (3.04  inches)  long  and  22  mil- 
limeters (.88  inch)  in  diameter;  it  has  a  T-head  38  by  4G  milliujetres 
(1.02  by  1.84  inches),  and  a  cam  shaped  or  eccentric  neck  22  by  30  milli- 
metres (.88  by  1.20  inches),  for  the  pur|>ose  of  allowing  an  adjustment  of 
gauge  at  curves,  switches,  etc.  The  bolt  passes  up  through  the  tie  and 
through  a  '-crab"  washer  which  bears  on  the  tlange  of  Ihe  rail  and  the 
face  of  the  tic;  a  Verona  uut-lock  is  then  put  on  and  the  nut  screwed 
down  upon  it.  The  upper  face  of  the  washer  and  the  lower  face  of  the 
nut  are  indented,  so  as  to  give  a  good  hold  on  the  nut  lock.  The  ties 
are  sent  out  to  the  track  with  the  fastenings  separate  in  kegs,  or  with 
the  bolts  in  place  and  the  nuts  loosely  screwed  on,  accor<ling  to  the 
wishes  of  the  division  engineers ;  some  of  whom  prefer  one  plan  and 
ome  the  other. 

This  tie  presents  the  following  advantages  : 

First.  Economy  iu  material ;  owing  to  the  maximum  thickness  being 
riven  at  the  rail  seat  and  a  less  thickness  at  the  middle  and  ends,  this 
•tfects  a  decided  saving  in  weight  and  tirst  cost. 

Second.  Economy  in  manufacture ;  owing  to  the  shaping,  bending, 
and  varying  of  the  section  being  all  done  in  the  operation  of  rolling, 
thus  reducing  the  shop-work  to  a  minimum;  which  is  an  important  con- 
.sideration. 

Ihird.  Economy  in  maintenance;  owing  to  the  little  care  and  atten- 
tion required,  as  shown  by  years  of  actual  service. 

Fourth.  Efficiency  in  making  a  good  track;  as  also  proved  by  years 
of  actual  service. 

Fifth.  Adjastment;  owing  to  the  arrangement  of  the  fastenings  per- 
mitting the  gauge  to  be  widened  at  curves  and  narrowed  at  switches  ; 
which  is  an  important  feature  when  a  tie  is  adopted  on  a  considerabl.- 
length  of  track. 

E.  E.  ]{.  T. 
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Appendix  B. 
SOME  AMERICAN  METAL  TIES. 

The  Int'trrmt'ional  tie. — This  is  a  rolled  steel  tie,  tbe  section  of  which 
reseiHbles  a  printer's  "braoc"  (' — '— ^);  originally  it  was  made  in  two 
pittces,  riveted  together  at  the  middle  flange,  bat  it  is  now  to  be  rolled  in 
Olio  piece.  The  dimensions  are  as  follows:  Length,  8  feet;  width,  10 
inches;  side  flanges,  2f  inches  deep;  middle  flange,  3  inches  high;  thick- 
ness, from  iVinch  at  the  lower  partof  the  side  flanges  to  1%  inch  at  the  mid- 
dle. The  middle  flange  is  cat  away  in  two  places  for  the  rails.  The 
fastenings  consist  of  flat  wrought-iron  clips,  one  on  each  side  of  the  rail, 
which  are  bolted  to  the  flange  of  the  tie  and  have  projections  which 
bear  upon  the  rail  flange.  Some  of  these  ties  have  been  in  use  for  more 
than  two  years  on  the  Boston  and  Maine  Railroad  and  the  Maine  Central 
Eailroad ;  the  Long  Island  Eailroad  is  now  giving  them  a  trial. 

The  Hartford  tie. — This  is  a  rolled  steel  tie,  of  inverted  trough  sec- 
tion, with  a  channel  or  groove  along  the  whole  length  of  the  top  table, 
and  having  the  ends  curved  down  to  hold  the  ballast.  The  dimensions 
are  as  follows:  Length,  7  feet  G  inches;  width  at  top,  8  inches;  width 
at  bottom,  10^  inches;  depth,  2^-  inches;  thickness,  f  inch  at  sides  and 
/j.  inch  at  top ;  the  channel  or  groove  is  2i  inches  wide  and  g  inch  deep. 
The  weight  is  about  120  pounds.  The  fastening  for  each  rail  consists  of 
two  clamps  f-inch  thick,  with  a  hooked  projection  at  the  broad  end, 
which  holds  the  flange  of  the  rail;  these  clamps  are  wedge  shaped  in 
plan, and  lie  in  the  channel  above  mentioned.  A  bent  bolt,  with  its  head 
at  an  angle  of  53  degrees  with  the  body,  is  used  on  each  sideof  the  rail ; 
tiio  iiead  is  on  the  under  side  of  the  tie  and  the  body  passes  up  Ihrough 
the  tie  and  clamp,  the  nut  bearing  on  the  inclined  face  of  the  clamp. 
This  is  the  fastening  as  improved  by  Mr.  Katte,  the  chief  engineer  of 
the  New  York  Central  and  Hudson  River  Railroad.  By  this  arrange- 
ment, the  bolt  being  at  an  angle,  a  strong  grip  is  secured,  and  there  is 
little  tendency  to  jar  the  bolts  loose;  to  prev^ent  such  loosening,  how- 
ever, the  bolt  has  the  Darvey  grip  thread,  which  forms  a  nut-lock  in  it- 
self. The  fastening  permits  of  a  very  widerangeof  adjustment  of  gauge. 
These  ties  have  not  yet  been  tried,  but  the  New  York  Central  and  Hud- 
son River  Railroad  will  lay  800  of  them  in  April,  and  careful  observations 
will  be  made  as  to  the  results. 

The  Standard  tie. — This  is  a  steel  tie  of  channel  section  (| |)  stami)ed 

to  shape  from  a  plate.  The  bottom  is  cut  away  at  the  middle,  and  is 
bent  up  at  an  angle  to  offer  resistance  t^  lateral  motion,  the  ends  being 
open.  The  rail  does  not  rest  upon  the  vertical  sides  of  the  tie,  which 
are  cut  away  for  a  depth  of  three-fourths  of  an  inch  under  the  rail,  but 
rests  upon  a  block  of  preserved  wood  (placed  with  the  grain  vertical). 
The  tie  is  intended  to  be  filled  with  ballast.  The  fastenings  consist  of 
Z-shaped  clips,  the  upper  part  holding  the  rail  flange  and  the  lower 
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part  tiikiiig'a  beariug  on  the  under  side  of  the  bottom  of  the  tie;  the 
upright  web  is  nearly  vertical,  but  curved  so  as  to  grip  tUe  wood  block. 
A  bolt  i)asses  liorizoutally  tliroiigii  the  two  clii)s  and  the  block,  near 
the  top  of  the  latter,  holding  all  the  parts  lirmly  together.  At  the  rail- 
joints  it  is  intended  to  use  a  tie  of  extra  width,  with  wide  clips  and  two 
bolts,  and  it  is  claimed  that  this  fastening  will  be  sufficient  iii  itself, 
and  will  obviate  the  necessity  of  using  splice  plates.  These  ties  have 
not  yet  been  in  service,  but  arrangements  have  been  nuule  for  their 
manufacture,  and  it  is  said  that  they  will  soon  be  tried  on  a  Western 
road.  The  claim  is  made  that  they  are  specially  adapted  for  roads 
with  a  narrow  width  of  ballast,  owing  tc  the  resistance  to  lateral  move- 
ment being  at  the  middle  instead  of  the  ends  of  the  tie. 

The  Taylor  lie. — This  is  an  iron  or  steel  tie  on  the  "bowl"  system, 
each  tie  consisting  of  a  separate  piece  under  each  rail,  connected  by  a 
third  i)iece  forming  a  tie-bar.  The  rail-bearers  are  short  pieces  of  in- 
verted trough  section,  placed  longitudinally  with  the  rail,  and  have  a 
vertical  transverse  slot  through  which  the  deep  ihit  tie-bar  passes. 
The  inside  flange  of  the  raills  held  by  clips,  forming  a  part  of  the  top 
table  of  the  trough,  and  the  outside  flange  is  held  by  a  hooked  projec- 
tion at  the  end  of  the  tie-bar.     No  bolts  or  other  loose  parts  are  used. 

The  Touceii  He. — This  is  a  cast-iron  "  pot"  tie  designed  by  M\\  Toucey, 
general  superintendent  of  the  New  York  Central  and  Hudson  Elver 
'  Kailroad.  Each  tie  consists  of  two  "  pots,"  of  H-section,  with  outward 
flaring  sides ;  the  "  pors"  are  connected  by  a  tie-rod,  the  ends  of  which 
are  bent  at  right  angles  to  fit  into  a  hole  in  the  horizontal  web,  the  rod 
passing  through  a  hole  in  the  side.  The  "  pots  "  are  18  inches  long,  9^ 
inches  wide  on  top,  IGi  inches  wide  at  bottom,  and  S^-g  inches  deei); 
the  thickness  varies  from  one-half  inch  to  1  inch.  The  space  above  the 
web  is  filled  with  an  oak  block,  to  which  the  rail  is  secured  by  the  Bush 
interlocking  bolts.  These  ties  are  in  use  at  the  Grand  Central  Depot 
in  New  York  City. 

A  channel  tie. — A  channel  tie  was  used  by  the  Pennsylvania  Rail- 
road for  some  years  subsequent  to  1880.  In  that  year  sojne  were  laid 
on  the  Filbert  Street  extension,  and  in  1885  about  400  or  500  were  laid 
on  the  main  track  in  the  West  Philadelphia  yard.  The  tic  consist^Ml  of 
an  ordinary  7-inch  channel  iron  (i  1)  8  feet  G  inches  long;  the  ends 
were  closed  by  a  piece  of  angle-iron  riveted  on,  and  a  cross  i)iece  ot 
angle-iron  was  also  riveted  inside  the  channel,  just  under  the  outer 
Hange  of  the  rail.  The  fastenings  for  each  rail  consisted  of  a  i)iece 
of  angle-bar  riveted  to  the  face  of  the  tie  (the  rivets  passing  througli 

the  angle-bar,  tie,  and  inside  angle-iron)  on  the  ontside  of  the  rail,  and 
I  loose  flat  Clip  on  the  inside  of  the  rail,  fastened  by  bolts.  Writing  in 
L886,  Mr.  Brown,  the  chief  engineer  of  the  Pennsylvania  Railroad,  said  ; 
These  ties  cost  from  $3  to  $4  each.  As  long  as  wo  can  get  good  oak  ti(>3  ft)r  not  ex- 
ieeding  $1  each,  I  would  not  reooinmcad  making  the  chaiigo,  although  they  give 
)erfect  Batisfactiou  uud  (vrc  no  moro  trouble  to  keep  in  line  and  surface  than  wooden 
iies,  E.  t:.  B,  T. 
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THE  DURAND   TIE, 

Tbis  tie,  among  the  latest  patented  in  this  country,  has  been  in  use 
on  a  private  trial  line  in  the  French  Alps. 

It  resembles  most  uealiy  the  *'  Post"  tie. 

It  is  produced  by  converting*  old  rails  into  metal  sheets,  from  which 
tlie  tie  is  stami)ed  out  by  special  machinery,  requiring  no  further  shop 
work  than  thefasteningof  the  bolts,  which  are  welded  to  the  tie  while  hot, 

Tlie  cross  section  is  of  the  "  Vautherin"  or  "Zores"  type,  like  the 
"  Post  "tie,  narrowed,  and  depressed  in  theceuter  and  slightly  curving 
towards  the  ends,  as  well  as  to  the  middle  of  the  tie.  Lengthwise  cor- 
rugations on  the  face  of  the  tie  under  the  rail-seat,  and  if  deemed  nec- 
essary, vertical  corrugations  on  the  side-faces,  are  intended  to  give  ad- 
ditional strength,  allowing  a  saving  of  metal  as  against  the  "Post"  tie. 
The  width  on  top  under  the  rail-foot  is  10  inches  and  across  the  lower 
edges  12  inches. 

The  ends  are  open  but  can  be  closed  if  desired  by  a  special  cap,  which 
is  put  on  after  the  tie  is  placed  and  can  be  easily  removed  if  necessary, 
permitting  access  to  the  lower  side,  bolts,  etc.,  without  removing  the  tie 
entirely.  Experience,  however,  with  the  open-end  type  seems  to  have 
proved  thf't  the  cur%-ature  of  the  ends  is  suflBcieut  to  prevent  the  blow- 
ing out  of  ballast. 

The  fastening  of  the  rails  is  eflected  by  means  of  four  bolts  with  spe- 
cially-fitted T-heads,  which  are  inserted  and  partially  welded  to  the  tic 
from  below  during  its  manufacture,  and  are  prevented  from  turning  by 
a  shoulder  in  the  tie.  A  washer  of  soft  metal  is  so  adapted  as  to  pre- 
vent any  loosening  of  nuts  above,  au  indentation  on  the  lower  side 
fitting  into  a  similar  indentation  in  the  tie,  and  one  flange  being  bent 
ui)wards  after  screwing  down. 

For  curves,  switches,  etc.,  the  adaptation  of  shape,  inclination,  and 
piuge  is  effected  in  the  manufacture  by  interchangeable  pieces  in  the 
stam])iug  apparatus. 

The  placing  of  the  tie  is  effected  by  laying  it  on  the  ballast  and  bury- 
ing it  in  the  same  by  means  of  a  rocking  motion  with  the  help  of  levers 
inserted  into  boles  made  at  the  ends  of  the  tie  in  manufacturing.  No 
digging  of  a  tie-bed,  no  tamping  is  needed.  The  drainage,  a  very  im- 
portant requirement;  is  well  provided  for. 

The  weight  of  the  tie  is  made  variable  by  either  rolling  the  metal- 
sheets  to  three-sixteenths  of  an  inch,  which  gives  a  C3  pound  tie,  or  five- 
sixteenths  of  au  inch,  which  will  make  it  about  100  pounds. 

The  cost  is  claimed  to  be  $1  or  $1.35  respectively,  if  manufactured  in 
the  United  States.  The  cost  of  manufacture  is  calculated  at  30  cents, 
allowing  a  railroad  company  to  use  up  the  old  rails.  The  plant  for  roll- 
ing the  rails  to  shape  and  stamping  the  tie  is  simple;  its  cost  is  esti- 
mated at  $5,000. 

The  Burand  tie,  with  less  metal,  promises  to  give  the  same  strength 
and  is  more  easily  placed  than  ihe  "  Post"  tie. — B.  E,  F. 


ftJHTAL  TIE   NOTES, 


TIiG  following  matter  lias  been  appended  as  of  interest  in  the  discus- 
sion of  the  desirable  change  from  wooden  to  metal  ties. 

These  notes  originate  in  jmrt  with  Mr.  Tratman,  or  else  are  copied 
from  other  publications. 

The  ephemeral  literature  on  the  subject  is  growing  rapidly,  and  by 
the  time  Mr.  Tratman's  final  report  will  go  to  press,  it  will  have  become 
desirable,  with  it,  to  present  in  abstract  the  useful  information  which 
has  thus  accumulated.  By  that  time  it  is  hoped  that  more  experiences 
from  trial  tests  on  railroad  lines  of  our  own  country  may  also  be  re- 
corded. 

As  this  Bulletin  goes  to  press,  two  interesting  items  of  news  on  the 
railroad  tie  question  have  reached  this  office.  The  ono  relates  to  the 
remarkable  durability  of  lignum-vita?  cross-ties  on  the  Pauama  Kail- 
road — thirty-five  years.  That  there  is  any  likelihood,  as  some  papers 
seem  to  anticii)ate,  that  this  discovery  will  in  any  way  influence  the 
use  of  metal  ties  by  possible  competition  of  this  wooden  tic,  I  am  in- 
cliued,  for  Various  reasons,  to  doubt. 

Perhaps  of  more  influence  on  this  subject  may  become  the  introduc- 
tion of  stone  sleepers  in  combination  with  the  "Elastic  Tie-Plate," 
which  was  originally  intended  to  improve  the  track  on  wooden  ties,  but 
has  proved  itself  of  service  on  rock  sleepers  in  an  experiment  made  by 
the  Ystad-Eslof  Railway  in  Sweden.  Yet  we  are  inclined  to  think  that 
even  this  kind  of  substructure,  if  found  as  efficient  as  is  claimed,  would 
not  threaten  as  much  competition  with  the  metal  track  as  it  might  at 
first  appear  to  do,  except  under  special  conditions. 

TLe  theoretical  requisites  for  a  perfect  metal  tie  are  now  quite  well 
understood  and  have  been  discussed  at  length  in  Bulletin  I,  from  this 
Division.  The  task  of  inventors  henceforth  must  be,  while  complying 
with  these  theoretical  requisites,  to  do  it  in  such  a  manner  as  to  reduce 
the  cost  of  the  manufacture  to  its  lowest  possible  figure  without  loss  of 
required  strength.  With  the  exteudeg  experience  before  us  there  can 
not  longer  be  a  doubt  that  it  is  possible  to  construct  a  metal  tie  which  will 
be  superior  in  all  respects  to  wooden  ties;  yet  to  bring  its  first  cost  down 
to  such  a  figure  that  tlie  future  saving  in  its  maintenance  need  not  en- 
ter into  consideration,  but  ni;iy  bo  taken  as  an  agreeable  surprise  in 
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the  cost  ofmanajjement — this  is  what  railroad  companios  are  most  bent 
on  obtainiiii,'.  Especially  in  our  country,  where  the  preseut  accouut- 
iiijj outweighs  iu  importance  all  future  possible  profits,  this  considera- 
tion alone,  of  reduced  first  cost,  may  be  sufficient  to  work  a  revolution 
in  the  use  of  railroad  tics.  On  the  other  hand,  the  bugbear  of  chea[)- 
ness,  which  is  often  mistaken  for  an  equivalent  of  economy,  is  apt  to 
mislead  the  inventor  into  risking  the  factors  of  safety  and  strength  in 
order  to  attain  cheapness. 

"  If  a  man  wants  a  'cheap'  track  he  had  better  continue  to  pay  50 
and  75  cents  for  wooden  ties.  And  if  he  wants  an  economical  track  ho 
must  use  steel  ties  with  enough  metal  in  them  to  insure  permanency." 

There  is  also  no  doubt  that  the  metal  tie  which  is  suitable  for  one  set 
of  conditions  is  not  suitable  for  others.  The  amount  of  traffic,  and  es- 
pecially the  condition  of  track  and  ballast,  will  dictate  changes  in  shape, 
weight,  etc. 

It  had  been  the  intention  to  review  all  the  patents  which  had  con- 
cerned themselves  with  introducing  pietal  for  railway  tracks,  but  the 
large  number — not  less  than  256  i)atents  so  far,  very  many  of  which 
are  obviously  impracticable — made  the  task  too  laborious  for  the  prac- 
tical result  to  be  expected  from  it.  Therefore,  only  a  brief  reference 
list  to  these  patents  has  been  prepared  by  Mr.  Tratman. 

The  first  suggestion  for  the  use  of  metal  track  seems  to  date  back  to 
the  year  1839;  a  patent  by  J.  Stimpson,  proposing  a  construction  of 
metal  and  wood  combined,  similar  to  a  construction  now  much  used  in 
street  railways.  The  next  attempts  did  not  follow  until  1857,  1858, 
and  1861. 

The  flood  of  patents  begins  with  the  year  1883,  the  last  five  years  hav- 
ing produced  not  less  than  one  hundred  .and  sixty  devices. 

Some  of  the  more  prominent  devices,  which  have  been  actually  manu- 
factured in  the  United  States,  are  briefly  described  in  Appendix  B. 

B.  E.  Feenow. 


25 


MAINTENANCE-EXPENSES    OF     TRACK     ON     WOODEN 
AND  METAL  TIES. 

By  J.  W.  Post,  permaneut  way  engineer,  Netherlands  State  Railroad  Company. 

Head  at  the  ainiual  convention  of  the  American  Society  of  Ciril  Engineers,  July  2,  1888. 

Though  the  track  of  European  railroads  shows  ia  material,  construc- 
tion, aud  maintenance  a  great  difference  from  the^rack  on  American 
Hues,  tlie  following  data  concerning  the  use  of  steel  cross-ties,  gathered 
methodically  since  1865  on  the  lines  worked  in  Uollaud,  Belgium,  and 
Germany  by  the  Netherlands  State  Railroad  Company,  may  be  of  some 
interest  to  American  railroad  engineers. 

The  first  trial  of  metal  ties  on  the  Netherlands  State  Railro.id  dates 
from  1865,  in  which  year  10,000  Cosijns  ties*  were  laid.  In  1880  these 
ties,  of  a  system  now  considered  poor,  had  given  satisfactory  results  as 
to  the  metal  part  during  their  fifteen  years  of  service,  but  the  oak 
blocks  had  to  be  frequently  renewed.  Moreover,  the  following  consid- 
erations induced  the  company  to  search  for  a  good  metal  tie: 

First.  It  was  feared  that  prices  of  timber  would  gradually  rise,  owing 
to  the  increasing  devastation  of  forests. 

Second.  Even  with  the  wood  deemed  best  for  ties,  viz.  oak,  it  was 
difficult  to  secure  satisfactory  results;  some  lots  of  oak  ties,  severely  in- 
spected, appeared  first-rate  when  new,  but  had  to  be  renewed  after  only 
one  year  of  service.  The  time  of  felling  seems  to  be  of  great  importance, 
and  cannot  be  determined  at  the  moment  of  purchase  even  by  the  sever- 
est inspection. 

Third.  Even  the  best  methods  of 'impregnating  proved  unreliable; 
of  ties  coming  from  the  same  boiler  some  were  quite  saturated,  others 
only  on  the  surface;  some  lasted  one  year  only,  others  twenty  years. 
!  niformity  in  this  respect  is  desirable  for  the  track. 

Fourth.  No  timber  merchant  guarantees  his  ties ;  whereas  steel  ties 
are  generally  guaranteed  for  two  years. 

Fifth.  There  is  a  great  loss  of  interest  during  the  time  timber  ties 
are  piled  in  order  to  dry ;  whereas  metal  ties  are  often  in  the  track  before 
being  paid  for. 

Sixth.  There  is  a  great  loss  of  timber  ties  by  bursting,  caused  by 
sunscine,  water,  frost,  driving  the  spikes,  etc. 

Seventh.  Timber  ties  being  heavier  than  metal  ties,  the  transport  to 
the  place  where  they  are  put  in  the  track  is  more  expensive. 

Eighth.  The  difficulty  and  cost  of  the  respiking  and  readzing  of  tim- 

■V  ties,  aud  of  the  replacing  by  new  ones,  increases  with  the  daily 
number  of  trains.  Ties  of  more  durable  material  are  desirable  also  from 
that  point  of  view. 


•  This  tie  consisted  of  an  J  beam  laid  horizontally,  thus  H,  with  a  wo<jden  block 
under  each  rail. 
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Ninth.  Tho  sellinji:  price  of  old  metal  ties  is  considerably  higher  than 
the  price  of  old  timber  ties. 

Tenth.  A  calculation*  of  the  total  annual  sum  required  for  purchase, 
laying,  maintaining,  and  renewing  tracks  on  timber  and  on  metal  ties 
gave  a  favorable  result  for  the  metal. t 

All  these  considerations  induced  tho  company  to  charge  the  writer 
in  1880  to  study,  both  at  homo  and  abroatl,  tlic  different  systems  of 
metal  ties  then  in  use,  both  from  llie  point  of  view  of  manufacture  and 
of  maintenance,  and  to  propose  a  method  of  trial  enabling  tho  company 
to  get  the  most  complete  information  possible  on  the  subject. 

This  charge  resulted  in  the  following  different  systems  of  ties  and 
fastenings  being  laid  in  the  track  from  1880  to  1888 : 

Pounds, 

Typo  I,  Vaiitheriii  section  ;  iron 88 

Typo  II,  Vantlicrin  section  ;  iron 103.84 

Type  III,  Haurniann  section;  mild  steel 110 

Type  IV,  Haanniiun  section;  mild  steel 114.4 

Typo  V,  Ilaarmunu-Liclitbammer  section;  mild  steel 95.4H 

TicH. 

In  1881,  type  I 4,13:5 

In  188-:>,  type  II 4,001 

In  1883,  type  III 2,08'J 

In  1883,  typo  IV 2,0:i() 

In  1884,  typo  V 11,680 

And  from  1885  to  1888,  about  12G,000  lies,  types  VI,  Vll,  VJII  and  IX,^ 
making  about  150,000  ties  often  different  types  (including  Cosijus).  Of 
each  ot  the  types,  trial  lengths,  under  different  circumstances  of  grades 
and  curves,  were  put  under  special  observation,  every  hour  of  mainte- 
nance work  and  every  renewed  piece  being  scrupulously  noted.  As  a 
base  of  comparison  1,120  first  rate  new  oak  ties  were  laid  in  the  track, 
the  rails  being  fastened  with  the  ordinary  spikes  The  plate  shows  the 
different  types  of  ties  used. 

At  the  same  time  different  systems  of  fastenings  were  tried  on  the 
metal  ties. 

By  trying  the  best  improvements  in  shape,  material,  and  manufacture, 
and  by  eliminating  every  year  the  faults  of  tho  preceding  types,  Mr. 
Post  gradually  arrived  at  types  of  ties  and  fastenings  which,  having 
showi:  great  advantage  in  every  respect  over  the  preceding  types,  have 
now  been  adopted  as  standards  for  this  railroad.}  (Types  VIII  and  IX.) 

*  For  metlicds  of  calculation  see  Bulletin  I  of  Forestry  Division  ;  .also  tbe  valuable 
report  of  tbe  American  Society  of  Civil  Engineers,  June,  1885,  on  t'lo  "Preservation 
of  Forests." 

+  Many  important  improvements  introduced  since  bavo  increased  tbo  advantage  of 
metal  over  timber. 

tOtber  railroads  bave,  to  tbeir  gre.it  satisfaction,  followed  tbis  example.  A  total 
of  about  457,300  ties  (about  23,800  tons)  of  tbo  Post  types  VI,  VII,  VIII,  and  IX  is 
DOW  in  service  on  different  lines  of  Holland,  Belgium,  France,  Germany,  Switzerland, 
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Types  VI,  Yir,  VIII,  aud  IX  are  in  mild  steel  rolled  to  a  variable 
section,  strengthening  at  rail  seats  and  tilt  1  in  20  being  obtained  di- 
rectly by  rolling,  thus  preserving  the  steel  fron-.  damage  at  the  vulner- 
able spot  (rail  seats)  by  bending  or  pressing.  These  ties  weigh  50  to 
55  kilograms  each,  corresponding  to  57  to  03  kilograms  per  tie  of 
uniform  section  BB  (economy  15  per  cent.).  Type  VI,  without  the  nar- 
row waist,  like  all  preceding  tyi)es,  had  not  quite  the  same  stability  as 
the  later  types  with  narrow  waist;  indeed,  this  reduction  of  breadth 
in  the  middle  causes  the  principal  reaction  of  the  ballast  to  work  at  the 
rail  seats,  eliminating  the  balancing  action  of  the  track  which  takes 
plnce  when  the  support  is  in  the  middle,  particularly  on  badly  ballasted 
roads  or  with  neglected  i)acking.  Moreover,  the  increased  height  at 
the  center  gives  greater  rigidity  to  the  tie.  The  wedge  waisted  tie  VII 
is,  unfortunately,  of  difficult  manufacture,  and  so  types  VIII  and  IX 
are  practically  esteemed  the  best,  and  all  agree  that  they  give  remark- 
able results. 

The  ends  are  closed  and  project  downward  2  inches  into  the  ballast. 
The  tests  i)rescribed  for  inspection  are  very  severe.  The  author  exe- 
cuted a  series  of  tests  to  ascertain  whether  annealing  the  ties  after 
punching  the  holes  does  pay  or  not ;  his  conclusion  was,  that  with  mild 
steel  annealing  is  not  ilecessary,  but  is  desirable  if  it  can  be  done  at 
smalt  expense. 

The  ties  are  tarred  if  they  have  to  remain  a  long  time  beside  the 
track.  The  price,  including  two  years  of  guaranty,  varies  from  $22  to 
$2G  per  ton. 

The  fastenings  show  the  following  improvements,  gradually  intro- 
duced and  tried  by  Mr.  Post.  The  surface  of  nuts  and  clips  is  rough- 
ened to  facilitate  the  grip  of  the  Verona  nut-lock.  The  clips,  if  rolled 
(mild  steel  annealed),  get  three  fillets  for  the  same  reason ;  if  stamped 
(iron  or  mild  steel),  they  are  indented  like  the  nuts.  In  both  cases  the 
clip  has  a  large  contact  with  the  surface  of  the  tie  in  order  to  reduce 
the  wear.  For  the  same  reason  the  head  of  the  bolt  (iron  or  soft  man 
ganese  steel)  is  large.  The  bolt  must  not  be  less  than  J  inch  diameter. 
The  collar  of  the  bolt,  which  is  eccentric,  to  enable  widening  of  gauge 
on  curves  by  turning  the  bolt  180  degrees,  fits  tight  into  the  tie  hole; 
this  hole  being  rounded  in  the  corners  to  avoid  cracks,  the  bolt  collar  is 
rounded  accordingly.  The  Verona  nut-locks  are  of  the  very  best  quality, 
severely  tested  as  to  elasticity  and  sharpness  of  points,  and  are  guarau- 

and  Asia  (colonies).  About  272,700  more  (about  12,700  tons),  comprising  the  narrow- 
gauge  and  rack-road  ties  for  Sumatra,  are  ordered  and  being  manufactured  now, 
making  a  total  of  about  730,000  ties  (or  36,500  tons).     See  on  this  subject : 

(a)  Mr.  Bricka's  official  report  to  the  French  minister  of  public  works. 

(&)  Mr.  Kowalski's  official  report  to  the  Milan  Railroad  Congress,  1887. 

(c)  Report  of  Vincennes  Exhibition,  1887,  Iiigliest  award  to  Netherlands  State  Rail- 
road Companj-  and  to  the  writer. 

(<Z)  Annual  Report,  1887,  of  the  French  Society  for  the  Advancement  of  Industry  ; 
silver  medal  awarded  to  the  writer, 
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teed.  The  price  of  these  improved  fastenings  does  not  exceed  24  cents 
per  tie. 

The  statistical  results  as  to  cost  of  niaiuteuauce  gathered  to  January 
1,  188S,  on  twenty-four  trial  lengths,  are  shown  in  the  accoinpaiiying 
table.  Columns  1  to  14  give  the  particulars  of  sections,  condition  of 
laying,  types,  etc.,  and  columns  15  to  22  the  expense  of  maintenance  i)er 
day  and  per  kilometre  in  francs. 

The  statistical  data  gathered  to  January  1,  1887,  and  the  close  and 
scrupulous  observations  of  the  trial  divisions,  allowed  the  company  to 
report  seventeen  conclusions  to  the  Milan  Railroad  Congress  in  1>^87. 

The  service  from  January  1,  1887,  to  January  1,  1888,  having  fully 
confirmed  the  opinions  of  the  company  on  these  seventeen  points,  the 
following  conclusions  arc  still  applicable  to  the  statistical  data  gathered 
to  January  1, 1888,  as  contained  in  the  accompanying  table  : 

(1)  Trials  11  and  14  are  on  curves  of  350  metres  radius  and  IG  milli. 
metres  per  metre  grade.  Oak  ties  occupying  this  place  previously  had 
to  be  respiked  every  year,  causing  great  cost  of  inaintenance;  the  rail 
tlange  cut  the  spikes  3  to  4  millimetres,  thus  giving  every  year  a  gauge 
widening  of  G  to  8  millimetres.  Several  ties  of  type  III,  on  the  con- 
tiary,  taken  from  the  track  for  inspection  after  1,553  days  of  service, 
showed  only  a  widening  of  2  millimetres,  the  exterior  bolts  (of  the  old 
type  "A")  being  Avorn  only  1  millimetre  by  the  rail  tlange.  The  tie  sur- 
face only  showed  a  slight  amount  of  corrosion,  and  the  holes  were  not  in 
any  way  enlarged  or  ovalized.  Considering  the  unfavorable  conditions 
under  which  these  ties  were,  these  are  very  good  results ;  in  no  year  did 
the  expense  amount  to  2  francs  per  day  kilometre,  and  the  av«  rage  day 
kilometre  is  only  1.30  and  1.40  francs  (columns  18  to»22). 

(2)  Trials  3  and  0  being  on  marshy  ground,  the  result  may  also  be 
(ousidered  as  favorable;  in  no  year  as  much  as  2  francs  per  day  kilo- 
metre, and  average  day  kilometre  0.95  franc  and  0.88  franc  (columns  15 
to  22). 

(3)  As  to  consolidation  (about  2,300  days),  the  only  trials  comparable 
to  the  base  trial  No.  1  (oak  ties)  are  trials  2,  3,  4,  and  5.  Though  two 
of  these  four  trials  are  under  unfavorable  conditions,  there  is  no  sensible 
difference  between  the  average  day  kilometre  of  trials  2, 3,  4,  and  5,  and 
the  day  kilometre  (0.C05  franc)  of  trial  1,  a  verj' favorable  result  indeed, 
considering  the  following  facts : 

{a)  Type  I  is  now  considered  a  poor  system,  each  of  types  II  to  IX 
being  great  improvements.  Had  one  of  the  more  perfect  types  been 
used  on  these  trials,  still  better  results  would  have  been  obtained. 

ih)  IJespiking  and  re-adzing  of  the  oak  ties  of  trial  1  had  begun  in 
-^sC),  and  has  to  be  continued  in  1888  and  following  years,  increasing 
the  cost  of  maintenance  with  the  age  of  the  wood. 

(c)  With  the  trials  on  metal  ties,  on  the  contrary,  there  is  a  tendency 
shown  of  a  decrease  of  expense  as  the  permanent  way  becomes  set. 


30 

(d)  Oil  trial  i  only  ten  oak  ties  luul  to  be  replaced  by  new  ones  since 
1881;  this  renewing,  however,  will  go  on  increasing  with  the  age  of  the 
wood,  thus  increasing,  apart  from  the  cost  of  purchase,  the  daily  ex- 
pense (work)  of  trial  1.  The  renewal  of  ties  on  the  other  twenty-three 
trials,  on  the  contrary,  was  nil  since  1881  (not  one  metal  tie  being  bro- 
ken), and  will  be  nil  for  ma»n  y  years. 

(4)  The  day  kilometre  of  trials  0,  7,  8,  12,  and  17  does  not  exceed 
0.88  franc;  those  of  trials  10,  13,  15,  IG,  18,  and  19  are  below  O.GO 
franc,  though  these  eleven  trials  date  only  from  1883  and  1884. 

(;"))  The  time  of  observation  for  types  VI,  VIII,  and  IX  (trials  20  to 
24),  has  been  too  short  to  form  any  definite  idea  of  the  mean  day  kilom- 
etre; meanwhile  everything  tends  to  show  that  these  types  will  give 
even  better  results  than  types  I  to  V. 

(0)  The  average  expense  for  laying  and  maintaining  the  twenty-three 
I  rial-lengths  2  to  24,  has  not  been  greater  than  would  have  been  occa- 
sioned by  the  timber  ties  laid  on  the  same  places.  The  supplementary 
expenditure  for  these  trials,  apart  from  the  trouble  of  statistics,  etc.,  is 
therefore  nil. 

The  close  observation  of  the  permament  way  and  of  the  manufacture 
of  ties  and  fastenings  led  the  company  to  the  following  conclusions: 

(7)  A  part  of  the  road  near  Liege,  twenty-five  trains  daily,  curve  of 
530  millimetres  radius,  IC  millimetres  per  metre  gradient,  after  having 
been  carefully  packed,  was  left  for  forty  months  ^vithout  any  other  work 
than  occasional  nut-tightening.  This  shows  that  a  good  road,  with  steel 
ties,  once  properly  packed,  requires  no  more  scrupulous  attention  and 
maintenance  than  one  laid  with  timber  ties;  on  the  contrar3^,  it  would 
have  been  dangerous  to  have  left  a  track  situated  as  this  was,  and  laid 
with  timber  ties,  for  a  period  of  threeiand  a  half  years. 

(8)  The  diagrams  of  the  self-registering  gauge-measure  show  that  the 
gauge  is  much  more  regularly  kept  on  metal  ties  than  on  timber  (even 
new  oak)  ties. 

(9)  The  position  of  the  rail,  which  often  changes  on  timber  ties,  is  not 
variable  with  the  metal  ties. 

(10)  The  lateral  displacement  of  the  track  is  insignificant  with  metal 
ties,  even  on  curves  of  short  radius,  providing  that  the  tie  is  closed  at 
the  end. 

(11)  The  breadth  of  the  ballast  bed  may  be  made  a  little  smaller  with 
the  narrow- waisted  metal  ties  (types  VII,  VIII,  and  IX)  than  with  ordi- 
nary metal  or  timber  ties. 

(12)  The  respiking  and  re-adzing  of  trial  Ko.  1  necessitated  to  1888 
the  replacing  of  two  bearing  plates  and  1,081  spikes  by  new  ones.  The 
renewal  of  fastenings  on  the  metal  ties  is  insignificant,  especially  with 
the  adopted  type  "C." 

(13)  Iron  is  not  recommended  for  metal  ties;  mild  steel  is  superior  to 
it  in  every  respect,  viz.  manufacture,  inspection,  rigidity,  and  dura- 
bility. 
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(14)  Alternating  joints  Lave  given  satisfactory  results,  especially  in 
curves  of  short  ra'lius. 

(15)  Suspended  rail  joints  have  given  the  best  results  on  metal  ties, 
providing  the  angle  splice-bars  be  strong  and  the  distance  between 
joint-ties  small. 

(10)  Types  VII,  VIII,  and  IX  fulfill  all  conditions  for  properly  im 
bedding  the  tie  in  the  ballast.  If  the  packing  is  done  properly,  and  does 
not  exceed  li  feet  fioni  each  side  of  the  rail,  the  track  can  never  become 
balancing,  through  the  ballast  working  towards  the  middle  of  the  tie 
and  leaving  the  ends  uusu[)i)orted,  for  the  shape  of  the  tie  drives  the 
ballast  towards  the  rail  seats,  both  transversely  and  longitudinally. 
Generally  the  ballast  soon  forms  into  a  compact  cake,  adhering  to  the 
interior  of  the  tie,  thereby  augmenting  both  the  base  and  the  mass  of 
the  track. 

(17)  The  track  men,  who  generally  abhor  novelties,  have  soon  learned, 
owing  to  practical  instructions,  to  appreciate  the  steel  ties  and  to  make 
an  excellent  track  with  them. 

The  company  closed  these  seventeen  conclusions  by  quoting  at  the 
Milan  Congress  the  following  statement  from  the  annual  report  of  Mr. 
Charles  Renson,  resident  engineer  of  the  Liegeois  section,  which  will 
be  received  with  great  appreciation  on  account  of  the  distinguished  and 
impartial  manner  in  which  this  engineer  has  organized  the  trials  of 
metal  ties  on  that  section  : 

A  siugle.  track  with  ties,  Type  VIII  or  IX  (latest  form),  liaviug  twenty-fivo  truiiis 
per  day  with  curves,  gradients,  ballast,  etc.,  as  the  Liege-Hasselt  section,  can  bo,  af- 
ter four  years  of  consolidation,  maintained  in  proper  order  at  the  rate  of  one  hundred 
working  days  per  year — kilometre.  A  gang  of  four  men,  working  two  hundred  a-.id 
fifty  days  a  year,  of  which  fifty  days  are  given  to  other  work,  are  .able  to  maintain  in 
good  condition  8  kilometres  of  permanent  way. 

The  Netherlands  Stale  Railroad  Company,  having  expci  need  the 
great  advantage  of  practical  experiments  made  on  trial  suctions  of 
track,  has  continued  experiments  as  follows,  in  order  to  gather  infor- 
mation on  other  points: 

Between  TilbuVg  and  Broda,  four  parts  of  equal  length  were  laid  in 
188G  on  the  same  track,  to  c<mipare  the  cost  of  maintenance  and  of  re- 
newal between:  (1)  Ordinaiy  steel  rails  (33  kilograms  i)er  meter)  on 
timber  ties.  (2)  Heavy  steel  rails  (40  kilograms  per  meter)  on  timber 
ties  with  two  Post's  steel,  toothed  bearing-plates  on  every  ti.-.  (.}) 
Heavy  steel  rails  (40 kilograms)  on  heavy  Post  steel  lies.  (4)  Ordinary 
steel  rails  (33.7  kilograms  per  meter)  on  ordinary  Post  sleel  ties. 

The  time  of  observation  is  yet  too  short  for  any  conclusion. 

Between  Tilburg  and  Breda,  four  parts  of  equal  length  are  being  laid 
now  in  the  same  track  to  compare  the  cost  of  maintenance  and  of  re- 
newal between:  (1)  Ordinary  steel  rails  on  ten  timber  ties  per  0  meters 
of  track.  (2)  Ordinary  steel  rails  o:i  eleven  timber  ties  per  9  meters  of 
track.    (3)  Ordinary  8t«el  rails  on  twelve  timber  ties  per  0  meters  of 
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tnick.  (4)  Ordinary  steel  rails  on  twelve  timber  ties  per  9  meters  of 
track,  with  alternating'  joints. 

Between  Wenrno  and  Helmond  tbe  same  four  comparative  trial 
lengtLs  are  being  laid  on  ten,  eleven,  and  twelve  Post  steel  ties  per  9 
meters  of  track. 

Tbo  information  gatherfed  by  these  methodical  researches  will  be  of 
great  value,  not  only  for  the  Netherlands  State  Railroad  but  for  rail- 
roading generally;  the  best  remedy  for  scanty  net  earnings  being  a  re- 
duction of  the  expenses  of  maintenance  and  renewal. 

Cont  of  maintenance  on  trial  tracka  with  wooden  and  metal  ties,  Ncthcrlandn  State  I'ailroad 

Company. 
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Cost  of  maintenance  on  trial  tracks  with  woaden  anil  metal  ties,  etc. — Continued. 
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*  Mar.shy  ground. 
KE.MARKS. — These  trial-lengths  are  on  single-track  road.  Firat  gronp,  25  to  29  trains  per  day;  sec- 
ond group,  14  trains  per  day.  Ilail.s,  38  kilograms  per  meter  ;  steel  angle  splico  bars.  Ballast — gravel, 
sand,  and  cinder.  Heaviest  engine  on  the.so  lines,  50  tons,  with  13^  tons  on  the  heaviest  axle ;  heaviest 
engine  on  other  lines,  6S  tons,  with  13.9  tons  on  tiio  heaviest,  axle.  Speed  up  to  50  miles  per  hour  (on 
some  parts  00  milss  per  liouv).  A  day's  maintenance  per  man  costs  2.19  francs  ;  the  results  of  columns 
15  to  22  mav  he  transformed  into  day's  by  dividing  by  2.19.  The  figures  in  columns  15  to  22  give  tlie 
expense  for  work  of  maintenance,  not  the  expense  for  purchase  of  new  spikes,  bolts,  etc.  Not  one 
of  the  metal  ties  in  this  table,  nor  of  the  124,000  steel  tics  in  u.se  on  other  lines  of  the  Netherlands 
State  Kailroad  Company,  has  broken  in  the  track. 

DISCUSSION. 


E.  E.  Russell  Tratman,  Jim.  Am.  Soc.  C.  E. — Ilaviug  received  from  Mr.  J.  W.  Post, 
only  a  fewdaya  before  the  couvcutiou,  the  paper  on  "Maintenance  Expenses  of  Track 
with  Steel  and  Wooden  Ties  on  the  Netherlands  State  Railroad,"  which  I  have  trans- 
mitted to  the  society  by  request  of  Mr.  Po.st,  I  had  not  time  to  give  as  much  attention 
as  I  wouhl  like  to  have  done  to  this  discussion. 

The  subject  of  metal  railroad  ties  is  one  in  which  I  take  very  much  interest,  and 
for  some  time  past  I  have  been  engaged  in  making  extensive  investigations  and  col- 
lecting information  with  regard  to  practice  and  experience  in  foreign  countries.  In 
making  my  investigations  I  have  been  surprLsed  at  the  great  extent  to  which  metal 
ties  have  been  actually  adopted  for  service,  for  while  I  knew  that  experiments  had 
been  made  in  many  countries,  in  some  ca.sts  on  a  quite  extensive  scale,  I  had  no  idea 
that,  as  a  result  of  some  of  these  experiments,  many  railroads  had  practically  adopted 
tjhese  ties  for  regular  use;  this,  however,  I  found  to  bo  the  case,  and  several  European 
railroad  companies  are  now  gradually  substituting  metal  for  wooden  ties  on  their 
systems.  I  think  few  engineers  who  have  not  paid  es))ecial  attention  to  this  matter 
realize  that  metal  ties  are  in  actual  service,  the  general  impression  seeming  to  bo  that 
while  many  experiments  have  been  m.ado  and  are  still  being  continued,  yet  that  no 
practical  results  have  been  obtained.  To  this  lack  of  appreciation  of  tho  results  of 
foreign  experience  may  be  attributed  to  a  cousidcrablo  degree,  I  think,  tho  general 
18689— Bull.  3 3 
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indifference  of  Auu'iican  eiigiiieers  to  tbo  quostioii  of  motal  track.  The  fact  that  the 
'luestion  of  the  future  timber  supply  is  one  of  serious  import  does  not  seem  to  be 
realized,  although  the  reports  of  the  forestry  division  of  the  United  States  Depart- 
ment of  Agriculture  show  that  use  and  waste  are  playing  havoc  with  a  supply  that 
cannot,  under  the  present  system  (or  want  of  system)  of  forestry  in  this  country,  bo 
renewed  in  jn-oportion  to  the  demand.  It  has  always  seemed  to  me  surprising  tliat 
American  engineers,  who  are  usually  in  the  van  of  any  great  step  in  the  profession, 
should  have  paid  so  little  attention  to  this  very  important  matter  ;  important  both 
as  to  the  financial  economy  and  the  practical  efficiency  of  the  track.  In  my  opin- 
ion steel  ties  should  bo  nsed  as  the  standard  for-  first-class  track,  and  not  merely 
as  a  substitute  for  timber  when  the  latter  becomes  scarce  or  expensive.  For  in- 
stance, on  such  a  road  as  the  projected  New  York  and  Boston  Kapid  Transit  line, 
which  is  intended  to  bo  an  independent  line,  and  which  will  probably,  when  it  ma- 
terializes, start  out  with  a  heavy  and  rapid  traffic,  steel  ties  sbould  be  laid  down  in  the 
iirst  place.  The  same  holds  good  for  existing  trunk  lines,  on  which  steel  ties  should 
be  introduced,  as  an  advancement  in  railroad  engineering  and  a  step  towards  econ- 
omy. 

Taken  as  a  whole,  the  results  of  experience  have  been  satisfactory,  and  the  type 
which  has  been  found  to  be  the  best  is  the  cross-tie  of  the  familiar  reversed  trough  sec- 
tion. Cast-iron  "bowl"  sleepers  are  much  used  in  new  countries,  and  longitudinal 
iron  sleepers  are  still  used  to  some  extent  in  Austria  and  Germany,  but  the  cross-tie 
of  trough  section  is  the  best  type,  as  has  been  proved  by  experience  and  careful  tests. 
In  consequence  this  form  of  tie  is  being  more  and  more  widely  adopted,  numerous  Vta- 
riatious  of  section  and  various  styles  of  rail  fastenings  being  used,  in  accordance  with 
the  ideasof  different  engineers.  In  England  several  railroads  are  using  steel  cross-ties 
to  a  greater  or  less  extent,  but  in  consequence  of  the  engineers  keeping  to  the  double- 
headed  rail  in  chairs  the  track  is  very  complicated  and  expensive,  representing  money 
wasted  and  lying  idle  in  much  useless  metal,  whereas  with  a  good  flange  rail  a  metal 
track  might  be  obtained  more  economical  and  more  efficient  than  the  jireseut  style  of 
rails  and  chairs  on  wooden  sleepers.  Experience  has  shown  that  the  ends  should  be 
closed,  but  in  quite  a  number  of  cases  open-end  ties  are  used.  With  open  ends,  of 
course,  the  ties  are  more  liable  to  lateral  displacement,  as  they  do  not  present  the 
area  of  resistance  jnesented  by  a  wooden  tie  or  a  closed  end. 

As  will  be  seen  by  Mr.  Post's  paper,  the  Netherlands  State  Railroad  Company  has 
made  a  systematic  series  of  trials  of  different  types  of  metal  ties,  and  the  very  valua- 
ble and  important  result  of  these  trials  has  been  the  designing  of  the  mild  steel  rolled 
tie  of  trough  section,  with  varying  thickness,  now  well  known  as  the  "Post  "tic, 
which  has  been  adoi)ted  to  a  very  considerable  extent  on  European  lines.  Mr.  Post 
has  been  fortunate  in  having  charge  of  a  road  owned  by  a  progressive  and  far-seeing 
corporation,  which  has  grasped  the  economic  purposes  of  metal  track,  and  encour- 
aged its  engineer  in  his  work  of  investigation.  The  comparisons  of  the  different  sys- 
tems were  gone  into  most  thoroughly,  account  being  taken  of  the  amount  of  labor, 
time,  and  expense  involved  in  maintenance,  renewals,  and  repairs,  and  therefore  Mr. 
Post  has  been  able,  gradually  but  steadily,  to  improve  the  form  of  tie,  until  he  has  ar- 
rived at  the  present  form,  which  is  conect  in  theory'  and  successful  in  practice ;  it  is 
easily  manufactured,  and  has  proved  in  service  its  advantages  in  point  of  economy 
and  efficiency.  The  trouble  experienced  with  early  forms  of  ties  was  that  they  failed 
by  cracking,  generally  between  the  holes  for  rail  attachments,  and  if  made  thick 
enough  to  prevent  cracking  they  were  too  heavy  and  expensive.  With  the  "Post"  tie 
the  thickness  is  increased  at  the  rail  seat,  giving  ample  strength  where  required,  but 
without  any  undue  excess  of  weight.  This  strengthening  is  secured  in  the  operation 
of  rolling  by  the  use  of  special  machinery,  and  in  the  same  operation  is  secured  the 
inclination  of  the  ends  which  gives  the  rails  an  inward  cant  of  one  in  twenty,  in  ac- 
cordance with  European  practice.  Many  European  steel  works  have  orders  on  hand 
for  "Post"  ties. 
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TUe  question  of  mil  fasteulngs  ia  oue  aliuust  as  iuiportautas  that  of  tlio  type  of  tic, 
and  many  tlitrL-ront  plans  have  boon  tried,  souio  simple,  but  tlio  majority  very  com- 
plicated. All  riveting  causes  au  extra  expense,  but  a  very  favorite  plan  is  to  have  a 
"clamp"  or  "crab"  rivetad  to  the  tie  to  hold  one  side  of  the  ruil  llauyo,  the  other 
side  being  held  by  a  bolted  clamp.  Mr.  Post,  realizing  that  all  extra  bhop-  .vork  is 
necessarily  expensive,  has  adopted  bolts  exclusively,  with  entirely  satisfactory  re- 
sults. It  will  be  noted  that  the  tirst  type  of  metal  tie  experimented  with  had  wooden 
blocks  ibr  the  rails  to  rest  upon,  the  idea  being  that  the  rail  required  an  elastic  seat. 
This  seriously  impaired  the  general  efficiency  of  the  tie,  for  the  wood  rotted  and  gave 
constant  trouble,  so  that  this  form  of  tie  was  soon  abandoned.  It  has  been  conclu- 
sively proved  by  experience  with  various  types  of  ties  in  different  conntries  that 
such  a  wood-bearing  is  not  only  unnecessary,  but  a  positive  disadvantage,  and  that 
the  track  is  satisfactory  to  railroad  men  and  travelers  when  the  rail  is  fastened  di- 
rectly on  the  metal  tie,  and  therefore  no  wood  should  be  used  at  all,  but  a  motal  track 
should  bo  entirely  of  metal.  The  introduction  of  metal  ties  has  been  hampered  by 
the  attempt  to  secure  a  "  cheap  "  tie.  The  objects  in  using  metal  are  to  obtain  econ- 
omy in  maintenance  and  efficiency  in  operation,  and  neither  of  these  objects  can  be 
obtained  by  using  a  tie  which  is  "  cheap."  Every  desirable  feature  can  not  bo  com- 
bined in  one  piece  of  steel,  and  if  the  tie  is  to  make  the  track  safer,  reduce  the  main- 
tenance expenses,  keep  the  road  in  better  condition,  and  far  outlast_the  wooden  tie, 
it  must  have  sufficient  metal  to  insure  these  advantages.  You  need  to  have,  and  to 
pay  for,  enough  metal  to  make  an  efficient  tie ;  but  you  need  not  have,  and  need  not 
pay  for,  extra  metal  that  is  more  dead  weight.  With  ties,  as  with  rails,  the  design 
and  manufacture  are  equally  as  important  points  as  the  weight,  and  the  rail  fastcn- 
/  ings  no  less  important. 

Two  points  need  to  bo  considered  in  designing  or  adopting  a  metal  track,  viz, 
f  economy  and  simplicity.     Cheapness  is  very  far  from  being  economy,  being  in  fact 
1  directly  opposed  to  it.     Simplicity  is  necessary,  both  for  economy  and  efficiency,  as 
^the  track  which,  while  possessing  ample  strength,  is  the  most  simple  in  its  construc- 
tion, will  give  the  least  trouble,  and  consequently  involve  the  least  expense  for  main- 
tenance.    A  good  metal  track,  once  well  laid,  is  in  itself  a  source  of  economy  in  main- 
tenance and  operation,  and  it  is  to  be  hoped  that  this  type  of  track  will  soon  be  a 
feature  of  first-class  American  railroads. 

In  nearly  every  largo  country  but  America,  and  in  many  of  the  smaller  countries, 
metal  ties  have  been  experimented  with,  and  I  would  strongly  urge  that  more  prac- 
tical attention  should  be  paid  to  so  important  a  matter  by  American  engineers,  rail- 
road men,  and  steel  manufacturers. 


At  the  Interuatioual  Congress  of  Railroads,  September  17  to  24,  1887, 
\\\v  following  resolutions  were  the  outeome  of  its  discussions: 

i)  The  opinion  of  the  Brussels  Congress  that  irou  ties  are  of  equal  value  to 
\in)ilcu,  has  not  been  negatived  during  the  last  two  years;  the  ajiplication  of  iron 
I  IS  is  rather  on  the  increase. 

!>)  The  question  whether  the  use  of  wood  or  metal  ties  is  cheaper  depends  on  the 

il  conditions  and  the  state  of  the  iron  market. 
)  Regarding  cost  of  maintenance  and  renewal,  not  yet  sufficient  data  arc  on  hand 

lines  with  largo  and  rapid  traffic;  for  medium  traffic  and  slow  trains  (ho  iron  ties 
oiler  advantages,  especially  when  after  some  time  the  track  has  consolidated  and  tho 
fastening  has  settled  well. 
(d)  For  the  "  Vautherin  "  form  tho  use  of  ahomogenoons  motal  is  desirable. 
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PATENTS     RELATING    TO     METAL     RAILWAY    TRACK. 

IJy   E.    K.    ItUBSKLL   TUATMAN. 

The  following  list  of  Uuitt'd  States  patents  relating  to  metal  railway 
track  will  be  found  useful  by  i)ersous  interested  in  this  subject.  It  could 
not  practically  be  made  anything  more  than  a  descriptive  index,  giving 
sufficient  information  to  enable  any  one  who  wishes  to  investigate  more 
fully  to  find  the  specifications. 

No.  1,262:  date,  July  26,  1839:  J.  Stimpsou. — Trausverse  frauiea  resting  on  lou^i- 
tiuliiial  timbers,  with  inclined  braces  to  bold  them  in  position,  and  sockets  at  the  top 
to  receive  the  web  of  a  rail  with  a  very  narrow  flange. 

No.  16,898;  date,  March  24,  1857;  H.  Carpenter. — A  short  hollow  post  nnder  each 
rail,  connected  by  a  tie-plate;  T-shaped  fastening  fitting  into  hollow  of  post. 

No.  18,494;  date,  October  27,  1857;  S.  A.  Beers. — Continnous  longitudinal  structnre 
with  transverse  tie-plates.     Saddle  rail  of  _n_  section. 

No.  19,704;  date,  March  23,  1858;  S.  H.  Long. — Cross-ties  of  channel  |  |  section 
or  T  section  (the  latter  made  of  two  angle  irons).  Continuous  flat  plate  uiuler  ordi 
nary  rail. 

No.  20,620;  date,  Jnnc  22,1858;  W.  Bryent. — Combined  longitudinal  grooved  rail 
and  iron  pavement. 

No.  32,794  ;  date,  July  9,  1861 ;  B.  C.  Smith. — Wide  longitudinal  channel  .sleeper  and 
rail  combined,  with  transverse  rods.  A  raised  rib  lengthwise  of  the  sleeper  forms  the 
rail.  ] 

No.  :J6,579;  date,  September  30,  1862;  B.  C.  Smith. — Longitudinal  cast-irou  cou-\ 
tinuous  bearing,  of  channel  section,  connected  by  transverse  tie-rods.  Rail  secured  I 
to  chairs. 

No.  53,507;  date,  March  27,  1866;  Franz  Vester. — Flat  cross-tie,  with  two  deep 
corrugations  along  its  whole  length.    Ends  turned  down. 

No.  66,711;  date,  July  16,  1867;  K.  M.  Holland. — Cross-tie  of  \  section.  Flange 
cut  away  for  rails.     Hinged  wedge  fastening. 

No.  70,731 ;  date,  November  12,  1867  ;  Henry  McCan. — Broad  flat  transverse  base- 
plates, with  longitudinal  girders  held  together  by  tie-rods.  Rails  resting  on  top  of 
girders. 

No.  71,063;  date,  November  19,  1867;  Leonard  Kepshcr.^Wrought-iron  flat  cross- 
tie,  beirt  up  at  ends  to  embrace  flange  and  web  of  rail,  angle-clamp  bolted  to  tit-  on 
inside  of  rail.     Bolt  through  clamp,  web  of  rail,  and  end  of  tie. 

No.  83,880;  date,  November  10,  18GS ;  J.  Potter. — Flat  transverse  base-plate,  wiih 
two  uprights  which  support  continuous  stringers,  to  which  flangeless  T-rails  are 
bolted. 

No.  109,504;  date,  November  22,1870;  C.  Fisher. — Cross-tie  of  inverted  tronuli 
section,  with  closed  ends.  Two  pockets  for  wooden  bearing-blocks.  Rail  fastfiu d 
by  flat  plates  resting  on  tie  and  rail  flange,  screwed  to  tlio  wooden  blocks.     ' 

No.  112,805;  date,  March  21, 1871 ;  S.  M.  Guest. — A  railway  joint  chair,  conibimd 
with  an  iron  cross-tie  of  T  section. 

No.  121,956;  date,  December  19,  1871;  J.  Newton. — A  rail -fastening  for  iron  (ics. 
Flat  tie  with  end  turned  up  ;  wooden  wedge  between  rail  and  end  of  tie ;  vertical  gib 
and  cotter  fastening  (with  serrated  cotter)  on  inside  of  rail. 

No.  123,526;  date,  February  6,  1872;  L.  E.  Towne. — Cylindrical  cross-tic  with  a 
flat  base  plate  at  each  end,  and  a  rail  chair  on  top  at  each  end,  secured  by  a  strap 
passing  round  the  tie. 
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No.  1:24, Ml ;  dato,  March  12,  1872;  R.  M.  Upjolin. — LongitiulinalH  under  each  rail, 
of  J.  section  with  very  high  vertical  web.  The  ?ail  is  of  _f\_  section  and  rests 
ui)ou  the  tiiiugesof  channel  irons  bolted  to  the  vertical  web  of  the  longitudinals. 

No.  134,418;  date,  December  31,  1872;  James  Calkins. — The  continuous  longitudi- 
nals of  channel  sections  have  lugs  to  hold  the  outer  flange  of  rails  ;  transverse  plates 
project  over  the  inner  flange  and  are  bolted  to  the  longitudinals. 

No.  130,067  ;  date,  February  18,  1873 ;  J.  W.  Kern. — A  continuous  roadbed  of  y^  sec- 
tion, with  the  rails  laid  on  the  horizontal  flanges.  Transverse  base  plates  at  inter- 
vals.    The  bed  to  bo  of  i-inch  boiler-iron. 

No.  13J,r)18;  date,  Juno  3,  1873;  W.  Peck  an«l  H.  C.  Richman. — Two  chairs  con- 
nected by  a  horizontal  flat  tie-plate.     Wooden  bearing-blocks  in  the  chairs. 

No.  140,411 ;  date,  July  1,  1873;  C.  W.  Gnlick.— A  flat  wrought-iron  ctoss-tie  with 
ribs  to  form  a  channel  for  the  flange  of  the  rail.  Fastenings  of  iron  •]*„-  inch  diam- 
eter under  tie,  passing  up  through  holes  in  the  same,  with  ends  ben{  over  rail  flange. 
Tias  about  5  inches  wide  and  i  inch  thick. 

No.  143,407;  djite,  October  7,  1873;  P.  S.  Devlan. — A  cross-tie  made  of  two  iron 
plates  on  edge,  fastened  together  at  the  middle  and  widening  out  to  hold  a  wooden 
block  at  each  end. 

No.  144,207;  date,  November  4,  1873;  George  Keech. — Longitudinal  plates  under 
each  rail,  with  lugs  to  hold  outside  of  rail  flange.  Tranverse  tie-plates  project  over 
the  inner  flange  and  are  secured  by  horizontal  bolts  passing  through  Tugs  on  the  base 
plate. 

No.  145,991;  date,  December  30,  1^73;  II.  L.  Do  Zeng. — Wrought-iron  cross-tie  of 
p~J,  '\J'\J~,  or  other  section.  A  clii).  stamped  out  of  the  metal  holds  outer  flange 
of  liiil  ;  loose  clip  secured  by  vertical  key  or  cotter  holds  inner  flange.    (See  15.'5,369.) 

No.  14(5,37G;  date,  January  13,  1874;  G.  IT.  Biaisdell. — A  cast-iron  cross-tie  of  /V  sec- 
tion with  wide,  flat,  deep  ends,  having  sockets  for  wooden  blocks.  A  bolt  passes 
through  both  blocks  and  (he  whole  length  of  the  tie. 

i).  147,.'')63;  date,  February  17,  1874;  P.  Kendrick  and  J.  Stokes. — A  cross-tie  made 
>,i  two  old  rails  laid  parallel,  with  a  wooden  block  between  them  .at  each  end,  and 
base  plates  if  desired. 

\o.  148,242;  date,  March  3,  1874;  George  Potts. — Continuous  bearing  of  wood  held 
brrween  two  continuous  iron  stringers  of  J_  section,  the  top  of  the  web  being  bent 
I'M  r  to  hold  the  rail  flange.     Bolts  pass  through  the  three  pieces. 

No.  ir>.'),369 ;  date,  September  29,  1874  ;  11.  L.  De  Zeng. — A  cross-tie  of  inverted 
trough  section,  with  open  ends,  but  with  projecting  wings  at  ends  to  prevent  lateral 
displacement.     See  No.  334,696. 

Xo.  163,187  ;  date,  May  11,  1875;  S.  H.  Hamilton. — An  iron  or  steel  cross-tie  of  square 
hollow  section  throughout,  or  only  at  ends.  Fixed  lugs  hold  the  inner  flange  of  rail, 
and  bolted  plates  hold  the  outer  flange. 

No.  163,254;  date,  May  11,  1875;  H.  Ree.se. — A  rolletl  iron  cross-tie  of  T  section; 
lni,'s  stamped  oat  while  hot  from  the  rolls.  Bent  clip  and  horizontal  wedge  fastening 
lor  outer  flange  of  rail.     (See  214,192.) 

No.  104,793;  date,  June  22, 1S75;  Ramon  Banolas. — Cross- ties  of  J  section,  carrying 
longitudinal  stringers  of  J[  section,  to  which  flangeless  rails  of  "[  section  are  bolted. 

Xo.  160,625;  date,  August  10,  1875;  R.  E.  Nichols. — A  continuous  hollow  bearing, 
-I ction  similar  to  lower  half  of  letter  /\  ;  bottom  closed  ;  top  open,  with  horizontal 

tl.niges  to  carry  the  rail  flange;  cross-tiesof  J |  section.     Longitudinals  antl  cross- 

^  filled  with  broken  stone. 

>o.  171,422;  date,  December  21,  1875;  John  Quigley. — A  cast-iron  cross-tie  with 
I  li:iir  combined,  for  street  railway  track. 

Xo.  172,041;  date,  J.annary  11,  1876;  E.  E.  Lewis. — A  cross-tie  of  +  section,  with 
ilif  top  vertical  flange  cut  away  for  the  rails,  which  aio  secured  by  wedges.     (See 

H;i,76<j.) 

Xo.  176,213;  dale,  April  18,  1876;  George  D.  Biaisdell.— A  cast-iron  cross-tie,  with 
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wide  ends  and  loose  bearing  blocks,  nil  held  to<jether  by  a  bolt  riuuiiiiy  through  the 
whole  leiijxth  of  the  tie. 

No.  182, its  1 ;  date,  October :{,  167G;  Leouora  E.  Yiilea. — Cross-tieaof  1 f?  "V", 

or  "\_/"  .sectioi),  the  latter  being  semi-cyliLHlrical,  with  (lauges.     The  rails  are  fastened 
by  bolted  clauips. 

No.  18:},76(;;  183,7G7 ;  183,768;  date,  October  31,  187G;  E.  E.  Lewis.— A  cross-tie  cf 
4-  section  ;  rails  of  different  forms.     Also  a  joint  tie  of  J_J_  section.     (See  172,041.) 

No.  183,808;  date,  December  20,  1876;  D.  S.  Whittenhall.— A  cross-tie  of 
/\/\.'''\  section;  the  rails  resting  in  notches  in  the  top  ridges. 

No.  188,087;  date,  March  6,  1877;  H.  S.  Wilson. — A  cross  tie  of  I  section,  with 
fixed  and  movable  rail  clips. 

No.  188,710;  date,  March  20,  1877;  N.  S.  White. — A  continuous  bed-plate  under 
each  rail,  with  cross-ties. 

No.  11)0,739;  date.  May  15,  1877;  A.  H.  Camiibell. — A  cast-iron  cross-tie,  with 
sockets  for  wooden  bearing-blocks. 

No.  192,842;  date,  July  10,  1877;  A.  W.  Serres. — A  continuous  bearing  of  ^As_ 
section  (in  two  pieces)  under  each  rail,  with  transverse  tie-bars.  The  web  of  a  llaiigc- 
less  rail  lies  between  the  two  vertical  webs.  (This  track  has  been  used  in  Europe. 
See  Engineering  News,  New  York,  January  29,  1887,  page  73;  also  Railroad  Gazette, 
New  York,  August  19,  1887.) 

No.  198,0(0 ;  date,  December  11, 1877 ;  John  13.  Ward. — A  longitudinal  iron  pipe  (for 
conveying  water)  under  cacb  rail ;  the  bottom  of  rail  curved  to  fit  pipe. 

No.  198,464 ;  date,  December  25, 1877;  E.  E.  Lewis. — A  cross-tie  consisting  of  an  old 
rail  with  two  notches  cut  to  the  level  of  the  flange  to  admit  the  track  rails.  Two 
rails  with  wooden  bearing-blocks  used  at  joints.     (See  172,041.) 

No.  198,618 ;  date,  December  25,  1677 ;  D.  Horrie. — A  transverse  truss  of  cast  or 
wrought-iron.     Horizontal  hook-bolt  fastenings. 

No.  201,607  ;  date,  March  20, 1878;  H.  A.  Haarmann. — Continuous  bearing  for  each 
rail,  with  cross-ties.  This  track  has  been  extensively  used  in  Europe.  (See  Engi- 
neering News,  New  York,  January  29,  page  74.)    (See  219,856.) 

No.  206,647 ;  date,  July  30,  1878  ;  T.  W.  Travis.  -A  hollow  cross-tie,  with  boxes  at 
the  ends  open  on  top.  The  rails  are  held  between  two  c^  clips;  the  groove  holds 
tlio  rail-flange ;  the  ujiper  web  lies  against  the  rail  web,  and  the  lower  web  is  wedged 
into  the  box. 

No.  207,242;  date,  August  20,  1878;  J,  A.  Bonnell. — An  inverted  trough  cross-tie, 
with  closed  ends  and  corrugated  top.     Bolted  clips  or  angle-bar  fastenings  for  rails. 

No.  207,320;  date,  August  20,  1878;  J.  H,  Thompson. — A  cross-tie  made  in  two  pieces, 
dove-tailed  together  in  the  middle.     The  rails  rest  on  wood  blocks. 

No.  207,719;  date,  September  3,  1878;  W.  E.  Curtiss. — A  wrought-iron  cross-tic  of 
inverted  trough  section  with  flaring  sides,  having  a  brace  of  the  same  section  inside 
under  each  rail.    The  ends  are  open.    Rails  secured  by  bolted  clips. 

No.  210,774  ;  date,  December  10,  1878  (patented  in  Germany,  January  18,  1878) ;  F. 
B.  Freudenberg. — A  wrought-iron  cro8.s-ticof  somewhat  similar  section  to  the  preced- 
ing one.  Hooked  clips  are  riveted  on  for  the  inside  and  ontside  flange  on  alternate 
ties,  the  rails  being  sprung  into  place.     Long  ties  for  double  tracks. 

No.  214,192;  date,  April  8,  1879;  H.  Reeee. — A  cross-tie  of  T  section,  with  the  ends 
of  the  horizontal  table  turned  down  at  an  angle.  Clip  and  wedge  fastening.  (See 
16.3,2.54.) 

No.  215,675;  date,  May  20, 1879;  H.  Reese. — Improvements  upon  the  preceding  one. 

No.  216,846;  date,  June  24,  1879;  L.  A.  Gouch. — A  cross-tie  of  — 1 —  section,  the 
longitudinal  web  being  the  widest  and  having  its  edges  turned  up  or  down. 

No.  218,5.59  ;  date,  August  12,  1879;  S.  Nicholls  (of  England). — A  continuous  broad 
bed-plato  under  each  rail,  for  street  railways.  The  rail  is  formed  of  two  channels, 
leaving  a  space  between  for  the  wheel  flange^    ^. 

No. 218,603;  date,  August  12,  1879  ;  A.  P.  Whiting.— A  cross-tie  of  M  section,  the 
top  flange  cut  away  for  the  rails.     Holtcd  <li))s  hold  the  inner  flanges  of  rails. 
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No.  218,648;  date,  August  19,  1879  ;  C.  F.  Waguer  (of  Austria).— A  cross-tio  coin- 
posod  of  two  ])arallol  pieces  of  T  section,  fastened  together  by  cross-strips.  Bolt«d 
clip  rail  fastenings. 

No.  218,878;  date,  Augnst  2G,  1879;  C.  liansliaw. — A  cross-tie  made  in  two  pieces 
lengthwise ;  on  one  piece  are  clij-s  for  the  inner  flange  of  one  rail  and  the  outer  flange 
of  the  other,  and  on  the  other  piece  are  clips  for  the  onter  and  inner  flanges,  respect- 
ively. The  two  pieces  are  held  together  by  a  flat  horizontal  key  driven  between 
other  clips  in  the  middle  of  the  tie. 

No.  219,8.'>G;  date,  September  23,  1879;  H.  A.  Haarmann,  of  Prussia,  (see  No. 
201,667). — A  cross-tie  of  inverted  trough  section  with  flaring  sides,  and  a  flat  or 
grooved  top  table.  The  rail  fastenings  are  C-shaped,  with  a  bolt  passing  under  the 
rail. 

No.  220,026;  date,  September  30,  1879;  H.  T.  Livingston.— A  tubular  cross-tie  of 
oval  section  with  a  flat  surface  under  each  rail.  Rails  fastened  by  bolts  screwed  into 
the  tie.     Interior  of  tie  packed  hard  with  straw,  grass,  etc. 

No.  221,596 ;  date,  November  11,  1879  ;  O.  E.  Mullarky. — A  cross-tie  of  channel  sec- 
tion  I  I  with  wooden  bearing  blocks  wedged  inside  under  the  rails.  The  rails  are 
fastened  by  bolted  clips. 

No.  223,187;  date,  December  30, 1879 ;  J.  R.  Sullivan.— Two  separate  cast-iron  bear- 
ing pieces  connected  by  a  tie-bar.     Each  rail  is  secured  by  a  cast-iron  wedge. 

No.  226,308  ;  date,  April  6,  1880  ;  A.  Grsig  (patented  in  England  March  25,  1879).— 
Flat  crose-tics  with  one  or  two  grooves  along  the  whole  length.  A  brace  or  clip  is 
riveted  to  hold  the  outside  of  the  rail,  and  the  rail  is  held  against  it  by  a  hook  bolt, 
the  body  of  which  lies  in  the  groove  and  has  a  nut  at  the  end  of  the  tie.  (This  sys- 
tem is  much  used  for  portable  railways  manufactured  in  England.) 

No.  227,602  ;  date.  May  11,  1880 ;  D.  S.  Whitlenhall,- Improvements  on  No.  185,808. 

No.  9,292  (re-issue) ;  date,  July  13,  1880;  H.  Reese. — See  original  number  214,192  of 
April  8,  1879. 

No.  230,826;  date,  August  3,  1880;  Lewis  Scofield. — A  cross-tie  of  _f\.  section. 
Riveted  and  bolted  clips  for  rail  fastenings. 

No,  231,755;  date,  August  31,  1880 ;  William  Brown. — A  hollow  cross-tie  of  rectan- 
gular section,  with  concave  bottom  and  open  ends.  A  rib  at  the  ends  keeps  the  rail 
in  position,  and  it  is  fastened  down  by  hooked  bolts  with  nuts  inside  the  tie. 

No.  233,528;  date,  October  19,  1880;  W.  C.Lutz.— A  cross  tie  of  i  section,  with  the 
rails  secured  by  flat  hooked  clips  bolted  to  the  side  of  the  vertical  web.     (See  241,389. ) 

No.  235,078 ;  date,  December  7,  1830 ;  G.  II.  Gilman. — A  cast-iron  cross-tie  of  rectan- 
gular section,  with  grooves  to  reduce  the  weight.  The  rails  are  held  by  fixed  and 
movable  lugs. 

No.  235,321 ;  date,  December  7, 1880 ;  F.  A.  Williams. — The  two  broad  bearing  plates 
on  which  the  rails  rest  are  connected  by  two  transverse  tie-plates,  placed  on  edge. 

No.  240,987 ;  date.  May  3,  1881;  I.  W.  Flock. — A  cross-tie  m.ade  of  an  ordinary  rail, 
head  down,  with  strengthening  sections  and  a  broad  base  plate  bolted  to  it.  It  is 
curved  into  an  arch  form,  high  in  the  middle,  with  the  ends  level  for  the  track  rails. 

No.  241,389;  date,  May  10,  1881;  W.  C.  Lutz. — A  cross-tie  of  cylindrical  form,  with 
flat-bearing  surfaces  for  the  rails;  or  with  a  vertical  web  on  top,  with  notches  for  the 
rails.     (See  2.33,  528.) 

No.  242,850;  date,  June  14,  1881;  II.  Thielsen. — Crosa-tio  of  T  section;  in  two 
halves,  one  nnder  each  rail.  Bent  clips  formed  out  of  the  metal  of  the  tie.  The 
two  pieces  keyed  together  at  the  middle.     (See  317,244.) 

No.  246,888;  date,  September  13,  1881;  G.  A.  Jones.— A  cro.ss-tie  of  j.  section  with 
the  ends  formed  into  a  chair.  The  rail  is  held  in  the  chair  and  spiked  to  a  wood 
block. 

No.  247,248;  date,  September  20,  1881;  Levi  Haas. —A  cross-tie  niado  of  au  old  rail 
with  the  ends  resting  on  wood  blocks  ;  tlio  track  rails  are  secured  to  the  top  of  the 
tie.     (See2.''j7,.572.) 
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Nos.  249,270,  249,271 ;  date,  November  8,  1861 ;  E.  H.  Tobey.— Cross-tius  of  | |  or 

V  'section;  the  rails  aro  held  iu  chairs  resting  on  wooden  blocks. 

No.  y^lOj^OS  ;  date,  November  15,  1881 ;  J.  Clark.— A  cross-tie  of  semicircular  section 
/"-'''''^  ,  tbo  bottom  fastened  to  a  flat  bed-plate  tbc  whole  length  of  the  tie.  The 
top  of  the  arch  cut  away  for  the  rail.     (See  256,  199,  259,  and  095.) 

No.  251,251  ;  date,  December  20, 1881 ;  C.  F.  Kreuz. — A  flat  cross-tie  with  thickened 
ends  to  hold  the  outer  flangeti  of  the  rails  ;  and  a  flat  cross-tie  with  another  flat  piece 
redting  on  it  to  hold  the  inner  flanges  cf  the  rails.  These  ties  placed  alternately. 
(See  203,  919.) 

No.  254,802  ;  date,  March  14,  1882;  J.  Conley.— A  flat  croas-tio  in  two  pieces,  with 
the  inner  end  of  each  turned  up  so  as  to  be  bolted  together.  Under  the  rails  the  sides 
aro  turned  down.     Clips  are  sta-^nped  out  of  the  metal.     (See  332,  384.) 

No.  2.55,554;  date,  March  28,  1882;  F.  A.  Williams.— A  cross-tie  of  .shallow  inverted 
trough  section,  with  broad  ends.  The  rails  are  held  against  fixed  clips  by  plates  the 
whole  length  of  the  tie,  placed  on  edge,  underneath,  with  a  hooked  end  to  hold  the 
rail  llange.    These  plates  arc  secured  hy  a  horizontal  key  iu  the  middle  of  the  tie. 

No.  256,199;  date,  April  11,  1882;  J.  Clark.— Improvements  upon  No.  249,503. 

No.  257,437;  date.  May  2,  18S2;  H.  De  Zavala. — A  cross-tie  of  A  section,  with  U 
bolts  passing  under  the  rail  and  having  nuts  screwed  down  on  the  rail  flange. 

No.  257,572  ;  date,  May  9,  1882;  Levi  ITaas.— A  cross-tie  consisting  of  two  cast-iron 
bed-plates,  with  bearing  blocks  to  which  the  rails  aro  bolted.  A  tie-bar  connects  the 
two  bed-plates.— See  No.  247,  248,  315,  771,  389,  and  464. 

No.  259,095;  date,  June  6,  1832;  J.  Clark. — Further  improvements  on  Nos.  249,503 
and  256,199.     (See  270,  637  ;  also  August  5,  1884,  and  358, 144.) 

No.  259,823;  date,  June  20,  1882;  A.  L.  Cubberlery. — A  flat  cast  iron  cross-tie, 
with  concave  bottom,  and  dove-tail  grooves  on  top  for  sliding  rail-fastenings  into 
place. 

No.  259,891;  date,  June  20, 18:^2  ;  J.  II.  Meacham. — A  cross-tie  of  X  section,  with 
end  boxes  for  wood  blocks,  to  which  the  rails  are  secured  by  hook  bolts. 

No. 260,231;  date,  June  27,  1882;  J.  Parr. — A  cast-iron  cross-tie  with  fixed  and 
movable  lugs  for  the  flanges  of  the  rails.     (Sec  277,333.) 

No.  263,919;  date,  September  5,  1832;  C.  F.  Kreuz. — A  cross-tie  of  H  section,  the 
rails  resting  on  the  web  and  secured  by  wedges.     An  improvement  on  No.  251,251. 

No.  265,760 ;  date,  October  l(),  188i ;  M.  I.  Cortright. — A  cross-tie  with  two  grooves 
or  corrugations  iu  its  length,  and  with  notches  to  receiv  5  the  flange  of  the  rails. 

No.  267,930 ;  date,  November  21,  1882  ;  G.  L.  Putnam. — A  cross-tie  of  square  section, 
hollow  or  solid,  with  liooked  spikes  put  in  place  from  the  bottom  and  tapering  up- 
wards.   (See  285,842.) 

No.  269,442;  date,  December  19,1882;  R.B.Meeker. — Cross-ties  of  T  section,  with 
broad  table.  Flat  horizontal  bars  with  turned-up  ends,  used  alternately  with  the 
ties.    The  rail  to  be  of  extra  height,  bolted  to  chairs 

No.  270,637;  date,  January  16,  1883;  J.  Clark. — A  flat  cross- tie  with  arched  bearing 
plates  and  chair?.     See  No.  259,095. 

No.  272,850;  date,  February  27,  1S8.J;  T.  Breeu. — A  flat  cross-tie  twisted  spirally  in 
the  middle  and  having  the  ends  turned  up.     (See  294,191.) 

No.  274,309;  date,  March  20,  1833;  W.  H.  Gibbs  and  George  Snook.— A  cross-tie 
of  X  section,  with  supports  for  a  rail-chair  of  inverted-trough  section,  with  a  wooden 
block,  to  which  the  rail  is  secured  by  hooked  clamps. 

Na  276,414  ;  date,  April  24,  1883 ;  E.  B.  Hungerford. — A  cross-tie  of  shallow  chan- 
nel section  | |.    The  flanges  are  cut  away  and  notched  to  hold  the  rail-flange,  and 

the  rail  rests  on  a  loose  bed-plate  with  a  clip  to  hold  the  other  flange ;  the  plate  being 
held  in  place  by  a  horizontal  key  driven  through  holes  iu  the  tie-flanges. 

No.  277,333;  date,  May  8,  1883;  J.  Parr.— A  hollow  cast-iron  cross-tie.  The  rails 
are  secured  to  loose  chairs,  having  long  projections  which  run  nearly  through  the 
tie  and  are  secured  by  a  vertical  t)olt  at  the  middle  of  the  tie.     (See  No.  260.231.) 
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No.  2S0,110;  date,  Juno  iG,  18S3  ;  8.  B.  Wright— A  cross-tie  of  inverted-trongh 
.section,  with  the  iusido  of  tho  top  arched.     (Seo  "298,5^.) 

No.  280,'.i00 ;  date,  June  215,  IS^S.i ;  J.  Mahoney  and  D.  W.  Shockley. — A  cross-tio 
ol<*  :  I     .section,  with  wooden  bearing-blocks.     (See  No.  370,634.) 

No.  231,800;  date,  July  24,  1883;  A.  R.  Spaulding. — A  cross-tio  of  channel  section 
}  I  to  which  tho  rail  is  fastened  by  a  series  of  flat  horizontal  keys  or  wedges  in 
dove-tailed  grooves. 

No.  283,07(5;  date,  August  14,  183.5;  J.  L.  Chapman. — Cro.ss-ties  of  shallow  channel 

j I,  or  of  two  flat  plates,  one  above  the  other,  separated  by  distance-blocks.     Kach 

rail  is  secured  by  bolted  clips  to  a  bed-plate. 

No.  283,230;  date,  August  14,  1883  ;  IT.  F.  Flickiugcr. — A  cros.s-tio  of  I  section,  to 
which  the  rails  are  secured  by  p  bolts  with  tho  nuts  on  tho  under  side  of  the  top 
flange  of  the  tie. 

No.  284,157;  date,  August  28,  1883;  J,  W.  Young. — A  hollow,  open-sided,  elastic 
cross-tie  of  3  section  ;  to  be  filled  with  ballast  or  earth  on  surface  lines.    Two 

or  more  of  these  plates  to  be  placed  inside  one  another,  with  one  side  open,  or  to  form 
a  closed  tie.     It  is  claimed  to  be  adapted  to  elevated  roads. 

No.  285,833;  date,  October  2,  1883;  John  Newton. — Chanuel-irou  stringers   | [ 

with  flat  cross-ties  fastened  to  tho  top. 

No.  285,842;  date  October  2,  1883;  George  L.  Putnam. — A  cross-tie  of  T  section, 
depressed  in  the  middle  to  hold  a  water-trough  *or  supplying  locomotives.  The  rails 
are  secured  by  bolted  clips.    See  No.  267,930. 

No.  285,986;  date,  October  2,  1883;  Clark  Fisher. —A  beut-plate  cross-tic,  of  f|  sec- 
tion in  the  middle,  with  flat  ends.  A  U  bolt  passes  under  the  rail,  and  washers  are 
screwed  down  on  the  rail  flange  by  the  nuts. 

No.  287,418;  date,  October  30,  1883;  J.J.  Clarke  (of  Peru).— A  flat  plate  tie  for 
port.ible  railway  track,  with  special  joint  fastenings.  (Assigned  to  A.  W.  Colwell, 
New  York.) 

No.  289,806;  date,  December  11, 1883  ;  T.  J.  Bronsou  and  A.  Armstrong. — An  iron  or 
steel  cross-tie  of  approximately  semi-cylindrical  section  [\,  with  lugs  struck  up  l>y 
means  of  dies. 

No.  290,793;  date,  December  2.5,  1883;  L.  O.  Orton.— A  flat  inverted  trough  cro.ss- 
tie,  with  wedge-shaped  boxes  projecting  above  and  below  to  hold  the  bearing  blocks 
and  fastenings. 

No.  291,514;  date,  Janu.iry  8,  l88t;  H.  II.  Holbrook.— A  hollow  cro.s3-tie  of  oval 
section,  with  thickened  portions  under  tho  rails;  rails  secured  by  bolted  clips. 

No.  292,421;  date,  January  22,  1884;  J.  J.  Du  Bois.— A  cross  tie,  with  dove-tailed 
groove  for  rail  and  a  wedge  fastening. 

No.  29.3,194;  date,  February  5,  1884;  J,  Reveu. — A  flat  tie-bar  to  keep  rails  from 
spreading;  one  end  bent  up  to  hold  rail,  th6  other  end.  having  thread  and  nut,  with 
movable  clamj). 

No.  293,302;  date,  February  12,  18-34;  George  W.  Bloodgood.— Bolted  clips  for  fast- 
ening rails  to  ties  of  inverted-trough  section. 

No.  294,191;  date,  February  26,  1884;  T.  Brcen.— A  crois-tio  made  in  two  piece.s, 
lengthwise;  placed  side  by  side,  holding  the  rail-chairs  and  fastenings  between 
them.     (See  272,850.) 

No.  296,725;  date,  April  15,  1884;  W.  T.  Carter.— A  hollow  cros.s-tie,  with  flat  top 
and  bottom  and  concave  sides. 

No.  298,539;  date,  May  13,  1884;  S.  B.  Wright.— Fastening  rails  to  inverted-trough 
cross-ties  by  clips  and  T-headed  bolts.     (See  No.  280,110. ) 

No.  299,5.57;  date,  June  3,  1884;  J.  Lockhart. — A  clamp  or  tierod,  toM)o  used  in 
connection  with  wooden  tics.  A  tie-rod,  running  across  the  track,  has  clamps  t<) 
hold  the  rail  flange.s,  the  inner  clamps  being  held  by  set-scPew.s.  It  is  claimed  that 
soft-wood  ties  can  be  used,  as  there  will  bi>  no  tendency  for  the  rails  to  .spread,  (i^ff 
327,285.) 
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No.  302,965  aud  No.  .^Oa.O.X] ;  auto.  August  5,  1884;  C.  S.  We.stbrook.— A  orobs-tie 
ofj  I  section,  with  parts  of  the  horizontal  table  cut  away.  The  rails  are  held  by 
riveted  aud  Icoyed  auglo  plates. 

Nos.  10,r)04,  and  10.505  (re-issues) ;  date,  August  5,  1884  ;  J.  Clark. — Iniprovemeuts 
iu  No.  249,503. 

No.  303,373;  date,  August  12, 1884  ;  E.  G.  Holtham  (of  England).  Patented  in 
England,  December  22,  1883. — Broad  longitudinals  under  each  rail,  with  transverse 
tie-rods,  and  with  additional  side  plates  to  increase  the  bearing  on  the  ballast. 

No.  304,74() ;  date,  September  9,  1884;  G.  W.  13.  Neal. — A  cross-tie  made  of  trian- 
gular section,  with  the  rails  carried  in  and  bolted  to  chairs  fastened  to  the  apex  of 
the  tie. 

No.  306,0l>0 ;  date,  October  7,  1884 ;  Robert  Moffly.— A  cross-tie  made  of  three 
pieces  the  full  length  of  the  tie,  bolted  together  so  as  to  form  a  J.  slot  along  it,  in 
which  the  rail  fastenings  slide. 

No.  308,139  ;  date,  October  7,  1884  ;  B.  W.  De  Courcy. — A  cross-tie  of  _f\_f\  section, 
with  the  rails  resting  on  the  top  and  secured  by  hooked  clamps  bolted  together  below 
the  rail. 

No.  309,428;  date,  December  16,  1884;  J.  H.  Williams.— A  cross-tio  of  .U  section, 
with  wooden  blocks  to  which  the  rails  are 'Spiked. 

No.  310,269;  date,  Jannary  6,  1865;  Abraham  Gottlieb. — A  cross-tie  of  inverted- 
trough  section,  with  a  groove  along,  its  top  table.  The  rail  is  fastened  by  bolted 
clips  or  a  special  form  of  locking-plate  or  chair. 

No.  312,506;  date,  February  17,  1885;  W.  H.  Knowlton.— Cross-ties  of  different  sec- 
tions. 

No.  312,717 ;  date,  February  27, 1885 ;  E.  N.  Higley. — A  flat  cross-tie  with  sides  and 
ends  turned  down  and  with  a  vortical  rib  along  the  middle.  This  rib  cut  away  for 
the  rails,  which  are  fastened  by  bolted  clips.  General  section  thus,  /*— '^— >.  See 
No.  334,228.  (Manufactured  by  the  International  Railway  Tie  Co.,  of  New  York. 
See  Appendix  B  of  report  on  metal  track.) 

No.  312,881;  date,  February  24,  18-^5;  W.  McVey. — A  metal  cross-tie  in  two  pieces, 
mortised  together  at  the  middle  and  secnred  by  a  bolt. 

No.313,072;  date,  March  3,  1835;  A.  A.  Harrison. — A  combined  flat  longitudinal 
and  cross  tie;  the  cross-tie  having  plate  at  right  angles  and  being  laid  so  that  these 
plates  of  adjacent  ties  meet. 

No.  314,757;  date,  March  31, 1835;  C.  H.  Van  Orden. — A  cross-tie  of  T  section,  with 
a  rail  chair  at  each  end,  the  rails  being  secured  by  bolts  which  have  Iiooked  ends 
passing  through  the  top  of  the  tie. 

No.  315,047;  date,  April  7, 1885;  M.  A.  Martindale. — Longitudinals  of  in  verted-trougU 
section  with  rails  forming  a  part  of  or  bolted  to  the  top  table.  Connected  by  trans- 
verso  tie  plates.     Claimed  to  be  adapted  for  laying  along  highways. 

No.  315,771 ;  date,  April  14, 1885;  L.  Haas. — A  cross-tie  made  of  two  pieces  the  full 
length  of  the  tie,  with  the  section  of  figure  1,  having  wooden-bearing  blocks  to  which 
the  rails  are  spiked.     See  No.  257,752. 

No.  317,244  ;  date,  May  5,  1885 ;  H.  Thielsen. — A  cross-tie  of  T  section,  the  sides  of 
the  top  table  being  turned  down.     (See  No.  242,8.50.) 

No.  317,763;  date.  May  12,  1885  ;  M.  A.  Glynn  (of  Cuba).— Cross-ties  of  J\^  or  x 
section  ;  also  longitudinals  of  inverted  trough  section. 

No.  319,010 ;  date,  Juno  2,  1885;  A.  J.  Moxhain. — A  cross-tie  made  of  two  angle- 
irons,  with  distance-plates  at  the  ends  and  middle  |  |  ;  the  rails  are  bolted  to 
higli  chairs.  The  tie  is  intended  for  street  railways,  and  is  shown  with  a  center- 
bearing  girder-rail. 

No.  319,813;  date,  June  9,  1885;  G.  C.  H.  Hasskarl.— A  hollow  box  cross-tie,  with 
a  """^i^  -shaped  web  inside ;  the  small  middle  spate  receiving  the  T  heads  of  the  track- 
bolts.  It  is  also  to  be  used  as  a  longitudinal  sleeper  for  street  railways,  the  two  large 
side  spaces  being  used  as  conduits  for  telegraph  wires,  etc. 
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No.  3:i0,23l  ;  date,  Juiiu  IG,  188.');  E.  D.  Donylieity  and  George  B.  Bryaut. — A  cross- 
tie  of  rectangular  section,  with  an  opening  in  the  top  table  to  receive  a  smaller  cross- 
tie  to  which  the  rails  are  fastened,  and  which  rests  on  springs  placed  in  the  larger 
box. 

No.  323,356 ;  date,  July  28,  1885 ;  G.  Murray. — A  flat  cross-tie  thickened  under  the 
rail,  and  having  a  rib  at  the  bottom  under  each  rail,  and  in  the  middle  ;  the  rails  so- 
cured  by  bolted  plates. 

No.  3^:5,430 ;  date,  August  4, 1885 ;  J.  K.  Lake. — A  combined  metal  stringer  and  chair 
for  street  railways. 

No.  323,809;  date,  August  4,  1885;  William  B.  Henning.— A  longitudinal  plate  lies 
under  each  rail ;  with  cross-ties  having  deep  ends  with  j_  slots  to  receive  the  web  and 
flange  of  the  rails.     (See  376,884.) 

No.  32r),U20;  date,  August  25,  1885;  R.  R.  Shepard. — A  cross-tie  of  channel  section 
I  I  with  one  outer  and  one  inner  lug  for  each  rail,  and  two  |  slots  for  clips  of 
I  -shape  with  eccentric  heads. 

No.  326,874 ;  date,  September  22,  1885  ;  P.  Kirk  (of  Euglaud).— A  cross-tie  with  in- 
creased thickness  at  the  rail  seats,  and  with  two  lugs  or  clips  punched  up  to  hold  the 
flange  of  each  raij ;  the  rail  being  secured  by  a  wedge  driven  between  the  flange 
and  one  of  the  lugs  (patented  in  England,  Franco,  Belgium,  and  Spain,  in  1885). 

No.  327,285;  date,  September  29,  1885;  J.  Lockhart. — An  improvement  npon  No. 
299,557. 

Nos.  327,745  and  327,843 ;  date,  October  6,  1885;  L.  E.  Whipple.— A  cross-tie  of  X 
section,  made  of  two  curved  plates  placed  back  to  back  and  having  flat  plate  across 
top  and  bottom. 

No.  328,632  ;  date,  October20,  1835  ;  J.  S.  Amnion. — A  cross-tie  of  /^  section  with  rail 
chairs  secured  to  the  top  ridge. 

No.  329,429 ;  date,  November  3, 1885 ;  G.  E.  Baldwin. — A  i)air  of  rail  chairs  of  _f'\_ 
shape,  resting  on  wooden  blocks  and  tied  together  by  a  rod.  The  top  table  has  a 
groove  to  receive  the  web  of  a  rail  of  T  section,  having  no  bottom  flange.  Intended 
especially  for  city  railways. 

No.  329,821 ;  date,  November  3,  1885  ;  P.  Davey. — A  cross-tie  of  channel  section,  to 
which  the  rails  are  secured  by  keys  and  Z-shaped  clamps,  the  lower  part  of  the  latter 
lying  inside  the  tie. 

No.  332,384;  date,  December  15,  1885;  J.  Couley.— A  fastening  for  attaching  rails 
to  metal  lies,  which  have  lugs  to  hold  the  outer  flange  of  rail.  The  fastening  is  a  l)ar 
inside  the  tie,  with  a  hook  at  one  cud  projectijig  through  a  hole  and  holding  the  rail 
flange,  while  the  other  end  is  bent  up  against  the  end  of  the  tie.     (See  25-1,802.) 

No.  333,015 ;  date,  December22, 1885 ;  J.  Howard  and  E.  T.  B  lusfleld  (of  England).— 
A  cross  tie  of  y^  \  section,  with  a  U-shaped  depression  for  each  rail,  the  rail  being 
secured  with  a  w  ooden  wedge.  (These  tics  hiave  been  used  with  the  English  double- 
headed  rail ;  patented  in  England.)     (See  3:?5,.523.) 

No.  333,480;  date,  December  29, 1885;  L.  B.  Prindle.— A  steel  cross-tie  three-eighths 
to  one  inch  thick  ;  channel  section  1  ] ;  at  each  end  is  a  slot  to  receive  a  tenon  at 
the  bottom  of  a  rail  chair. 

No.  334,228;  date,  January  12,  1886;  E.  N.  Higley. — An  improvement  on  No. 
312,717.     (Sec  353,028.) 

No.  334,096;  date;  January  19,  1886;  H.  L.  De  Zeng.— An  improvement  in  fasten- 
ings.    (See  Nos.  145,991  and  155,369;  also  380,623.1 

No.  3;]5,523;  date,  Februarys,  1880;  J.  Howard  and  E.  T.  Bousfield  (of  England).— 
A  cross-tie  made  of  a  metal  sheet  or  plate,  with  one  or  more  corrugations  lengthwise, 
the  rails  being  held  in  chairs  made  by  cutting  away  the  corrugations.  (See  No. 
3.'«,0I.5.) 

Nos.  335,804  and  33i),805 ;  date,  February  9,  18S6 ;  E.  P.  J.  Freeman.- A  cross-tie 
made  of  a  sheet  of  metal  bent  to  form  a  rectangular  box.  A  wooden  bloek  is  placed 
inside,  uiult-r  eaeh  rail,  and  a  spike  is  driven  into   the  wond  through  a  hole   in  the 
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luetnl.  The  spiko  may  bo  split  so  as  to  flare  like  \  when  driven  in  cuaibinatiuu,  a 
guard-rail  of  a  plate  bout  to  Z  shape,  the  rail  lying  on  the  bottom  flange  and  all  fast- 
ened to  the  tie. 

No.  :J38,057;  date,  March  IG,  18SG;  J.  Gearon. — A  continuous  load-bed  made  of 
channel  cross-ties  placed  alternately  |  |  and  | f,  with  the  vertical  flanges  over- 
lapping one  another. 

Is'o.  339,275;  date,  April  6,  1886;  J.  DeMott. — A  cross-tie  with  a  rail  chair  at  each 
end.     The  end  of  the  tie  is  rounded  on  x>lau,  and  is  embrac^ed  by  a  C  <!lamp 

with  the  ends  turned  u^)  to  hold  the  rail  flange. 

No,  339,938;  date,  April  13, 183;> ;  F.  F.  Scott. — A  cross-tie  with  a  chair  for  each 
rail;  one  half  of  chair  fixed,  the  other  fastened  by  bolts.  Pins  driven  through  the 
web  of  the  rail  prevent  vertical  movement. 

No.  340,118;  date,  April  20,  1886  ;  11.  Howard. ~A  deep  channel  | f  cross-tie  for 

street  railways.    The  rails  are  keyed  to  chairs  resting  on  the  top  of  the  flanges. 

No.  341,416;  date,  May  4, 1886;  F.  V.  Greene. — For  street  railways.  A  coutinnous 
cast-iron  hollow  bearing  (preferably  10  feet  long  and  weighing  140  pounds  per  yard) 
under  each  rail.  The  rails  are  grooved,  and  are  screwed  (o  the  lop  of  the  longitu- 
dinal. 

No.  342,987;  date,  June  1,  188G ;  A.  N.  Warner  and  T.J.  Deakin.— A  cross-tie  of 
channel  section  I  I  with  T-shaped  rail  chairs  fitting  into  it.  The  rail  secured  to 
chairs  by  bolts  with  hooked  ends,  the  nuts  being  under  the  flange  of  the  chair. 

No.  344,011;  date,  June  22,  1881);  C.  II.  Sayre. — Flat  or  arched  /" — >y^  cross-ties 
with  pieces  punched  out  of  the  top  and  bent  to  embrace  the  flange  and  web  of  the 
rail. 

No.  344,185;  date,  June  22,   1886;  W.    Kilpatrick. — A  cross-tie  of  V, ^  section, 

with  a  slot  along  the  flat  top  to  i-eceivothe  bottom  of  the  rail  chtvirs. 

No,  344,826;  date,  July  6,  1886;  I.  F.  Good. — A  flat  cross-tie  thickened  and  widened 
at  the  ends  to  form  rail  chairs,  and  having  flanges  projecling  down  uijder  the  chairs. 
The  rails  secured  by  keys. 

No.  345,733;  date,  July  20,  1883;  C.  Sailliez. — A  cross-tie  of  channel  section  |  1, 
with  Ings  to  hold  the  rail  flanges.  The  flanges  are  cut  away  at  the  ends  to  allow  of 
wooden  .stringers  being  used  under  the  rails. 

No.  346,998;  date,  August  10, 1886;  D.  Kaufman. —Flat  cross-ties  with  chairs  at  the 
ends,  and  longitudinal  continuous  flat  plates  beyond  the  chairs.  The  space  between 
the  rails  is  covered  by  a  continuous  arched  plate. 

No.  349,524;  date,  September  21,  1886;  E.  Schmidt  (of  Prussia).— A  cross-tie  made 
of  two  old  flange  rails  laid  flat,  head  to  head,  forming  a  tie  of  H  H  section.  The 
rails  rest  on  the  web  and  are  fastened  by  bolted  clips.     (Patented  in  Germany.) 

No.  350,692;  dale,  October  12,  1888;  T.  L.  Mumford  and  II.  Moore.— A  cross-tie  of 
inverted  trongh  section,  wider  at  the  ends,  with  fixed  Ings  and  movable  elami)s  for 
fastening  the  i-ails. 

Nos.  351,498  and  351,499  ;  date,  October  26,  1886;  E.  C.  Davis.— A  cross-tie  made  of 
two  old  rails  placed  side  by  side.  Each  track  rail  rests  on  a  bearing-block  in  two 
pieces,  with  a  lip  at  the  end  to  engage  the  rail  flange.  The  blocks  are  slid  into  idace 
between  the  tie-rails  and  bolted  through  the  tie. 

No.  3.52,(02;  date,  Novem1)er  2,  1886;  E.  F.  Reynolds.— A  cross-tic  of  lAAAl  ^^■^^ 
tion.  The  rails  rest  in  notches  cut  in  the  top,  and  are  held  by  hinged  clips  and  lock- 
ing clips. 

No.  3.53,028;  date,  November  23,  1886;  E.  N.  Iligley.— Improvements  upon  Nos. 
334,228  and  312,717. 

No.  353,691 ;  date,  December  7,  1888;  S.  D.  Locke.— A  channel  cro.ss-tie  I  |,  with 
inclined  ends  and  a  transverse  ril)  in  the  middle.  The  rails  are  fastened  by  bolted 
clips.     (See  .3.56,002.) 

No.  354,250;  date,  Decemh.ir  14,  1886;  R.  S.  Sea.  — A  cross-tie  of  J  .section  with  eu- 
I'irged  ends  forming  rail  chairs.  '.(866  379,005.) 
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No.  35'!, 433;  dati',  Ducoiubor  II,  18.SG  ;  11.  Moirell. — A  croaH-tie  made  of  a  plate  beut 
t«)  form  a  hollow  rt'ctungular  box,  with  Iho  top  ami  bottom  cut  away  at  the  middle. 
Tlu'  rails  are  fastened  to  wooden  bcaring-bloclvs  plact-d  inside  tlietie.     (See  3(>5,  932.) 

No.  35(4,002;  date,  January  II,  1H87;  S.  D.  Loekc. — An  improvement  on  No.  353,)>yi. 

No.  3rvS,l44;  date,  February '22,  1887;  J.Clark. — A  eross-tio  of  channel  seetioii,  with 
chaiis  for  the  rails.     '^See  No.  249,503,  etc.) 

No.  358,981;  date,  March  8,  1887;  J.  C.  Lauc. — An  iron  bridle-rod,  ma<le  in  two 
pieces,  bolted  tojjether  at  the  middle,  to  prevent  rails  from  spreading  at  the  curves. 

No.  359, 115  and  No.  359,117;  date,  March  8,  1887;  W.  Wharton,  jr. — A  cross-tio  of 
X  or  L  section,  with  the  bottom  Hanjje  beut  np  (o  make  a  chair  for  the  rails.  To  bo 
used  on  street  railways  with  girder  rails. 

No.  359,440;  date,  March  15,  1887;  T.  Gleason. — A  cross-tie  of  trough  section  [ |, 

with  interior  cross-pieces  or  webs  to  which  the  rail  clamps  arc  fastened. 

No.  300,397;  date,  March  !i;9,  1887;  M.  Y.  Thouiptiou. — A  flat  cross-tie,  with  a  U 
shaped  depression  at  each  end  to  receive  a  wooden  bearing- block.  The  rails  are  fast- 
ened by  keys. 

No.  3(S1,199;  date,  April  12,  1837;  H.  P.  Adams. — A  cross-tie  of  T  section,  with 
chairs  keyed  to  it. 

No.  3G1,330  ;  date,  April  19,  18S7  ;  P.  J.  Severac,  of  Paris. — A  cross-tio  of  J  section, 
w  ith  the  horizontal  tlanges  bent  at  the  ends.  In  some  cases  a  luoad  plate  is  riveted 
to  the  bottom  llange.  The  rails  are  fastened  by  clips  or  keyed  to  chairs.  (This  system 
is  in  use  in  Europe.)  Patented  in  France,  Belgium,  England,  Italy,  and  Spain,  in 
1884-'85. 

Nos.  36i,7dGaud  302,787;  date.  May  10,  1887;  J.  Riley  (of  Scotland). — A  cross-tie 
of  inverted  trough  section,  with  the  rail  chairs  stamped  or  pressed  by  dies,  the  rails 
being  secured  by  wedges.     (Patented  inEngland  and  Belgium;  I885-'86). 

No.  3o;,0i0;  date,  May  17,  188?;  L.Taylor. — A  hollow  box  cross-tie,  with  outward- 
flaring  sides  and  concave  bottom.  The  rails  are  fastened  by  hook  bolts  with  the 
nuts  inside  the  tie. 

No.  3(r,350;  date,  June  21,  1887;  A.  Roelofs. — A  crosi-tie  of  channel  I  |  or  in- 
verted trough  section.  The  rails  are  fastened  by  fixed  lugs  on  the  outside,  and  a  tie- 
bar  which  is  .sprung  into  place  on  the  inside.  Also  a  flat  tie  with  a  rib  under  each 
mil  and  a  slot  along  the  middle  for  the  bent  tie-bar. 

No.  305,511 ;  date,  Jnno28, 1887 ;  F.  X.  Georget. — A  croift>-tie  or  longitudinal,  of  chan- 
nel section  I  I,  built  up  of  a  base  plate  and  two  concave  side  plates  with  the  tops 
flanged  outward  horizontally.  The  ties  or  longitudinals  are  connected  bj'  tie  rods. 
(See  3B1,125.) 

Nos.  305,932  and  365,933 ;  date,  July  5,  lr87  ;  R.  Morrell. — A  hollow  cross-tie,  made 
of  a  plate  bent  to  an  oblong  section,  with  straps  around  it  at  the  rail  fastenings.  The 
metal  is  cut  away  to  let  the  rails  rest  on  a  wood  block  inside  the  tie ;  the  metal  straps 
keep  the  spikes  from  working  loose  and  allowing  the  rails  to  spread.  Also  a  tie  for 
elevated  roads,  made  of  two  plates  on  edge,  fastened  together  at  the  middle,  and 
flaring  apart  to  admit  wooden  bearing-blocks  between  them.    See  No.  ;?54,433. 

No.  360,540;  date,  July  12,  1887;  N.S.White.— A  cross-tie  of  channel  |  |  or  in- 
verted trough  section,  with  a  base  plate  at  each  end,  with  a  bearing-block  of  wo;  d 
or  other  material  inside  under  each  rail.    The  rails  are  fastened  by  locking  clamps. 

No.  367,325;  date,  July  26,  1887;  John  Splanc. — A  cross-tie  of  |  |  channel  section, 
with  the  bottom  of  the  sides  flanged  outwards.  The  rails  are  lot  into  apertures  in 
the  top  and  rest  on  the  hooked  ends  of  two  tie-bolts,  the  inner  ends  of  which  are 
connected  by  a  turnbncklo  which  is  tightened  hy  a  wrench,  there  being  a  hole  in  the 
middle  of  the  top  table  of  the  tie. 

No.  %7,383;  date,  August  2,  1887  ;  J.  Fitzgerald. — The  rails  are  fastened  to  a  cast- 
iron  cross-tio  by  hook-headed  spikes,  which  are  secured  by  horizoatal  keys  tittin^i^ 
into  corresponding  notches  iu  the  tie  and  spike. 

No.  309,591 ;  date,  September  6,  1837  ;  J.  H.  Coffmau. — A  solid  tie  with  a  groove 
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uloug  llio  top  aud  lugH  for  tlio  iuuer  lliin;;o8  of  tlio  rail ;  bookod  lotls  hold  the  outer 
flange,  aud  Iho  inner  ends  of  tlie  rods  arj  attached  to  a  spring  at  the  middle  of  the 
tie. 

No8. 369,755  and  369,75(5;  date,  Septeuiber  13, 1887  ;  William  L.  Van  Ilarlingen,  sr. — 
A  box  cross-tie  made  of  an  inverted  trough  fastened  to  a  base  plate;  inclined  aud 
closed  ends.  It  incloses  a  woodentie  or  wooden  bearing  blocks.  The  rail  is  fastened 
by  wood-screws  with  wide  heads.  Also  a  metal  tie  with  end  boxes  to  contain  sjtrings 
on  which  the  rails  rest. 

No.  370,072;  date,  September  20,  1887;  R,  C.  Lukens. — Across-tieofT  section,  with 
slots  in  the  web  for  attaching  weights  or  anchors  to  keep  the  track  in  position.  The 
rails  are  fastened  by  lujjs  and  bolts. 

No.  370,192;  date,  September  20, 1887;  D.  C.  Hellor. — A  hollow  box-tie  of  rectangular 
section,  with  the  top  cut  away  under  the  rails.  The  tie  is  filled  with  concrete  and 
has  two  wooden  blocks  to  which  the  rails  are  8i)iked. 

No.  370,22*> ;  date,  September  20,  1887  ;  C.  W.  Yoj>t.— A  flat  tie  with  lugs,  and  a  sep- 
arate bed-plate,  with  lugs,  for  each  rail. 

No.  370,634;  date,  September  27,  1887;  J.  Mahoney  and  D.  \V.  Shockley.— A  cross- 
tie  of  I  I  section,  with  a  saddle  plate  fopeach  rail  seat.  The  plate  has  a  lug  for  one 
flange  and  a  clip  is  bolted  on  the  other.     See  No.  280,200. 

No.  371,110;  date,  October  4, 1887 ;  W.H.TroxelL— A  cross-tie  with  raised  rail  seat 
and  outer  lugs.  Hooked  bolts,  with  nnts  on  the  outer  side  of  the  chair,  hold  the 
inner  flange  of  the  rail. 

No.  371,780;  October  18,  1857;  J.  Moser  aud  E.  Moeckel. — A  cross-tie  of  T  section, 
with  a  chair  at  each  end ;  each  chair  has  an  inclined  rail-brace  aud  two  hook-boKs. 

No.  372,230  ;  date,  October  25, 1887 ;  A.  McKeuney. — Cross-ties  of  channel  I  I  sec- 
tion, with  one  end  cut  off  at  an  angle  to  allow  of  a  diagonal  tie  to  the  uext  transverse 
tie,  each  set  of  three  ties  making  a  letter  N  on  plan.    Arranged  coutiuuously. 

No.  372, 525;  November  1,  1887;  J.  A.  Dunning.— A  hollow  rectangular  cross-tie, 
with  open  inclined  ends;  bottom  aud  sides  have  corrugations,  transverely  and  verti- 
cally.    Bolted  clip  fastenings. 

No.  372,703  ;  date,  November  8, 1687 ;  I.  A.  Perry. — A  cross-tie  made  of  two  old  rails, 
with  saddle  chairs  fitting  over  the  heads  of  these  rails.  Track  rails  fastened  by  ch:iir 
and  sliding  wedge,  being  held  by  flange  and  web. 

No.  372,864  ;  date,  November  8, 1887  ;  C.  Netter.— A  cross- tie  of  T  section,  with  the 
cuds  beyond  the  rails  bent  down  vertically  and  theu  horizontally.  Eails  fastened 
by  bolts  having  hooks,  which  take  hold  of  the  bottom  of  the  web  of  the  tie. 

No.  372,879 ;  date,  November  8,  1887  ;  J.  II.  Stull. — A  cross-tie  made  of  a  plate  bent 
to  a  semi-circular  form  \^  ^,  and  semi-cylindrical  at  the  ends  o.  Eails  fastened 
by  clamps.     Open  ends. 

No.  373,  656;  date,  November  22,  1887;  W.  P.  Hall  and  C.  C.  Barnett.— A  cross  tie 
of  semicircular  section  /"  N^,  with  open  ends.  Shoulders  pressed  out  to  prevent 
spreading.     Eails  fastened  to  saddles  or  straps.    (See  375,996.) 

No.  375,005  ;  date,  December  20,  1857 ;  R.  S.  Sea. — A  cross-tie  of  channel  section, 
with  closed  ends.  A  strengthening  plate  is  bolted  to  the  under  side  of  the  top  table, 
jind  the  side  flanges  are  deeply  notched  to  give  elasticity.  A  metal  block  is  bolted 
under  each  rail,  and  the  rails  are  secured  by  bolted  plates. 

No.  375,856;  date,  January  3,  1888;  R.  T.  White. — A  cross-tie  of  j_  section,  with 
high  chair  at  each  end  to  receive  the  web  of  a  girder  rail.  Intended  for  street  rail- 
ways.    (See  385,395.) 

No.  375,996;  date,  January  3,  1888;  W.  P.  Hall. — A  hollow  cross-tie,  made  of  a  plate 
bent  almost  cylindrical,  but  with  the  bottom  open  and  flat  on  top.  The  rails  r.re 
fastened  to  saddle  straps.     (See  373,656.) 

No.  376,214;  date,  January  10,  1888;  J.  W.  Smith. — A  hollow  rectangular  cross-tie, 
with  holes  in  the  top  to  admit  the  rail  chairs,  which  rest  on  coiled  springs  inside  the 
tie. 
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No.  376,884  ;  date,  Jauuary  24,  1888;  William  B.  Hcuuiug.— A  llat  bar,  bent  up  at 
tho  ends  to  embrace  the  flange  and  web  of  mil.  Loose  an^leclamps  on  inside  of  rail. 
(See  323,809.) 

No.  377,16"2;  date,  January  31,  1868;  G.  Kelton. — A  cros.s  tic  of  channel  section 
I  I,  with  a  separate  bottom,  having  projections  on  its  inner  side  to  give  a  hold  to 
the  pulp  with  which  the  tie  is  io  bo  tilled.  The  rails  are  fastened  by  hooked  bolts, 
with  nuts  inside  the  tie,  cavities  being  loft  in  the  pulp  tilling. 

No.  378,280;  date,  February  21,  1888;  F.  L.  Barrows. — A  cross-tie  of  inverted  trough 
section,  with  clips  struck  up  on  the  outside  of  tho  rail  to  hold  its  flange,  auil  clips 
lengthwise  on  the  inside  of  the  rail  to  hold  a  rail  fastening. 

No.  378,930;  date,  March  G,  1888;  J.  Hill. — A  flat  cross-tie,  corrugated  lengthwise 
top  and  bottom.  The  rail  is  keyed  to  a  chair.  The  inventor  proposes  to  use  a  double- 
headed  rail. 

No.  379,312;  date,  March  13,  1888;  S.  B.  Jerome. — A  hollow  rectangular  cross-tie, 
nuido  of  a  bent  plate.  It  is  to  be  filled  with  straw,  sawdust,  etc.,  and  has  a  narrow 
bearing-block  along  the  underside  of  the  top,  to  which  the  rails  are  spiked.  The 
ends  are  closed  by  wood  or  cement  blocks. 

No.  379,399;  date,  March  13,  1888;  J.  Jacobs. — A  cross-tie  of  channel  section  j | 

with  closed  ends;  a  top  plate  is  bolted  on  by  side  clamps  to  form  a  rail  seat.  The 
tie  is  to  be  filled  with  concrete,  etc,  - 

No.  379,574;  date,  March  20,  1888;  C.  P.  Hawlcy. — A  cross-tie  of  J  section,  with 
tho  top  flange  bent  to  make  a  rail  brace.  A  longitudinal  bridge  is  used  under  the 
rail  at  joints. 

No.  379,576;  date,  March  20,  1888;  C.  P.  Ilawley. — A  cross-tie  of  J_  section,  with 
slots  for  the  web  of  a  T  girder,  forming  a  rail  seat,  or  which  can  be  made  a  longi- 
tudinal bearing. 

No.  380,623;  date,  April  3,  1888;  H.  L.  De  Zeug. — Improvements  npou  Nos.  334,696 
and  348,550. 

No.  381,125;  date,  April  17,  1888;  F.  X.  Georget. — Improvements  upon  No.  365,511. 

No.  381,660 ;  date,  April  24, 1888 ;  E.  R.  Stiles.— A  cross- tie  of  channel  section  | |, 

with  a  wooden  block  under  each  rail. 

No.  382,134;  date.  May  8,  1888;  W.  H.  Britton.— A  cross-tie  of  T  saction,  with  the 
vertical  web  corrugated  vertically.     The  rails  are  secured  by  lugs  and  clamps. 

No.  382,394;  date,  May  1,  1888;  J.  B.  Sutherland. — A  cross-tie  of  approximately  Y 
section;  curved  like  the  section  of  a  yacht,  and  with  the  top  edges  bent  in  to  form 
horizontal  flanges  for  tho  rail  chairs. 

No.  :J82,855;  date.  May  15,  1888;  F.  Barhydt.— A  hollow  box  cross-tie,  with  closed 
ends.  There  is  a  wooden  block  the  full  size  of  the  face  of  the  tie  at  the  top,  aud 
another  at  the  bottom ;  both  inside.  Coil  springs  are  interposed  between  the  top  and 
bottom  sections. 

No.  383,118;  date.  May  22,  1888;  M.  Fitzgerald. — A  cross-tie  of  channel  section 
I        I,  with  .solid  ends.     Fixed  lugs  and  hooked  spikes  are  tho  rail  fastenings. 

No.  384,785;  date,  June  19,  1888;  Jacob  Keese. — A  cross-tie  of  f]  section,  with  a 
groove  along  its  top  table;  rail  seat  bolted  on  top.  The  rail  is  secured  by  a  bolt 
passing  under  it  and  through  tho  chair,  having  f  washers  to  hold  the  rail  flange.  It 
is  to  be  roUeil  from  a  plate  of  No.  7  steel  24  inches  wide;  bedded  in  ballast. 

No.  38.5,395;  date,  July  :?,  1888;  R.  T.  White. — A  channel  cross-tie  of  U  section, 
with  rails  secured  to  saddles  by  bolts  and  clips.     (See  375,856  and  386,420.) 

No.  385,492;  date,  July  3,  1888;  D.  Y.  Wilson.— A  cross-tie  made  of  two  angles 
._J  [_,  with  a  base  plate  and  channel  plate  for  rail  seat  at  each  end.  Rails  bolted 
through  top  aud  bottom  plates. 

No.  386,1)9;  date,  July  17,  188S;  R.  W.  Flower,  jr.,  aud  S.  L.  Wiegand.— A  hollow 
cross-tie  of  rectangular  section,  with  part  of  tho  bottom  cut  away  and  turned  down 
io  prevent  lateral  movement.    Tho  rails  are  spiked  to  wood  blocks  inside  tho  tie. 
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No.  ^S(3,  IfjO;  tl;itc,  July  17,  1868  ;  J.  A.  0;;(lo)i. — A  cross-tie  of  channel  section  [^ 
wide  at  the  bottom,  with  bearing  blocks  and  hook-fastouings  for  the  rails. 

Nos.  ■JSt'jjS^C)  and  :{8(),357  ;  date,  July  17,  1888;  H.  Shultzen. — A  channel  tie 
with  the  middle  part  of  the  bottom  cut  away  and  turned  up  to  prevent  lateral  move- 
ment. The  rail  is  fastened  to  a  wooden  block  by  Z-clips  and  a  longitudinal  bolt 
under  the  rail,  or  by  diagonal  bolts.  (Now  being  niauufactured  by  the  Standard 
Steel  Tie  Company,  of  New  York.)     (See  Appendix  B  of  the  report  on  metal  track.) 

No.  ;58(),:?89;  date,  July  17,  188S;  A.  Durand. — A  cross-tio  of  inverted  tro\ig*>  .sec- 
tion, with  clips  and  channels  stamped  in  it.     (Sec  description  on  p.  25.) 

No.  :8t5,4'^0;  date,  July  17,  1888;  K.  T.  White.— Hollow  box  cross-ties  of  diftercnt 
sections,   made   of  bent   plates.      Cross-section   intended   to  give   elasticity.      (See 

:58r),:}i)5.) 

No.  388, -277 ;  date,  August  21,  ?888;  A.  J.  Hartford.— A  tlat  cross-tie,  with  end 
turned  up,  and  a  bent  iilato  tie  bridge,  arched  in  the  middle,  bent  to  form  a  shoulder 
for  inner  ilange  of  rail;  the  rail  rests  on  this  plate  and  the  end  is  turned  over  the 
outer  Oaugo  and  secured  by  a  bolt  through  both  plates. 

No.  "389,464;  date,  September  11,  1888;  L.  Haas. — A  cross-tie  of  rectangular  sec- 
tion; topcutaway  at  ends  and  middle.     Wooden  block  under  each  rail.     (See  391,704.) 

No.  390,014  ;  date,  September  25,  1388;  R.  P.  Faddis,— Wooden  stringers,  with  tlat 
iron  tie  plates  across  top  and  under  rail,  with  U  bolts  embracing  the  stringers. 
For  .street  and  steam  railways. 

No.  390,370;  date,  October  2,  1888;    I.  G.  Howell. — A  cross-tie  of  channel  section 

I 1,  with  blocks  under  the  rails.     The  top  is  cut   away  for  the  rail,  and  iho  lail 

clamps  are  fastened  by  hooks. 

No.  391,492;  date,  October  23,  1888;  W.  J.  Stiller.- A  tlat  cross-tie  with  diagonal 
grooves  on  the  under  side  near  the  ends  to  receive  the  heads  of  the  bolts  of  the  two 
plates,  each  with  a  lug,  which  form  one  rail  seat- 
No.  391,704;  date,  October  23,  1888;  L.  Haas —A  cross-tie  of  chaunel  sectiou  | f, 

higher  at  the  rail  seats,  with  notched  flanges  for  the  rails.     (See  257,752.) 

No.  391,999  ;  date,  October  30, 1888;  A.  H.  Ames,— A  Hat  cross-tie,  with  flaring  ends 
of  channel  .section  i        I,  having  riveted  and  bolted  clips  for  rail  fastenings. 

No.  392,849;  November  13,  1888;  J.  Cabry  and  W.  H.  Kiuch  (of  England).— A 
rolled  steel  cross-tio  of  inverted  trough  section,  with  lugs  stamped  out.  Kails 
secured  by  keys  driven  between  flange  and  lug.  (In  use  on  the  Northeastern  Rail- 
way, in  England.) 

No.  393,515;  date,  Nnvember  27,  1888;  D.  M.  McRae, — A  wooden  or  iron  tie,  with 
metal  sockets  at  eiids  forming  rail  seats. 

No.  394,738;  date,  December  18,  1888;  G.  W.  Thompson. — A  liollow  cross-tie  of 
rectangular  section,  with  a  metal  bearing-block  inside  under  each  rail.  Bolted  clip 
rail  fastenings. 

No.  395,134;  date,  December  25,  1888;  M.  llagarty. — A  ci"oss-tie  made  of  two 
channels  placed  back  to  back  HC,  inner  lug  on  one,  outer  lug  on  the  other.  The 
bolt  holes  in  vertical  web  arc  elongated  to  allow  the  channels  to  be  shifted  to  lot  rail  in. 

No.  39.5,304;  date,  December  25,  1888;  C.  F.  Yarbrough.— Hollow  cross-ties  of 
rectangular  section,  with  open  ends  and  openings  at  sides.  W^ood  blocks  may  be 
u.sed,  or  the  ties  may  be  filled  with  ballast. 

No.  39(),160;  date,  January  15,  1889;  H.  Hipkius  (of  England). — A  stamped  metal 
cross-tie  of/ — " — >  section,  with  lugs  and  rib  stamped  out  of  top  table.  (Patented 
in  England,  1888.) 

No.  390,473;  date,  January  22,  1889;  C.  P.  Esplnasse  (of  France). — A  cross-tie  of 
J.  section,  with  vertical  web  cut  away  for  rail  chair  to  which  rail  is  secured  by 
wooden  wedge. 

No,  398,004;  date,  February  19,  1889;  S.  U.  Smith.— A  cross-tie  of  channel  section 
I  r,  with  closed  ends.  The  rails  rest  on  the  ends  of  a  separate  cross-plate,  with 
fixed  lugs  inside,  and  bolted  plates  outside. 


TREATMENT  OF  RAILwAY  TIES  IN  ENGLAND. 


The  iuformation  given  below  is  taken  from  a  i)aper  on  "English  liail- 
roail  Track,"  by  Mr.  E.  E.  Eussell  Tiatinau  (Transactions  of  Ihe  Amer- 
ican Society  of  Civil  Engineers,  June,  1888).  Tlie  matter  referring  to 
the  Great  iS^ortheru  Kailway  (of  Ireland)  was  taken  by  Mr.  Tratman 
from  a  highly  interesting  i)aper,  "  Description  of  a  Oreosoting  Yard 
for  I'ailway  Purposes,"  by  Mr.  W.  Greenhill,  read  before  the  Institution 
of  Civil  Engineers  of  Ireland,  in  May,  188G;  the  paper  contains  very 
full  particulars,  in  detail,  of  the  plant  and  process,  results  of  tests, 
cost,  etc.,  and  is  especially  interesting  in  (hat  it  describes  work  done  by 
a  lailway  company  in  treating  timber  for  its  own  use. 

Tbo  ties  aie  usually  of  Bailie  red  wood,  10  by  5  iucbes  by  9  feet,  spaced  2  feet  9 
incbrs  to  3  feet  center  to  center.  Tbey  are  almost  invariably  ereosoted,  with  about 
7  pounds  of  oil  per  cubic  foot.  Some  roads  liave  the  creosoting  done  by  contract, 
otbvrs  have  their  own  plant  for  the  work.  Among  the  latter  may  be  mentioned  Iho 
Lancashire  and  Yorkshire  Railway  and  the  Great  Northern  Railway  (Ireland),  bolh 
of  which  have  very  largo  and  complete  plants,  and  pay  careful  attention  to  the  im- 
portant point  of  tie  preserving.  [See  also  paper  by  Mr.  John  Bogart,  M.  Am.  Soc.  C. 
E.,  entitled  "  The  Permanent  Way  of  Railways  in  Great  Britain  and  Ireland;  with 
Special  Reference  to  the  Use  of  Timber  Preserved  and  Unpreserved,"  and  read  Xo- 
vember  20,  1878.*]  I  do  not  think  enough  practical  attention  is  paid  iu  this  country 
to  the  question  of  preserving  railroad  ties,  and  some  points  in  the  matter  may  be 
learned  from  English  practice. 

Usually  the  ties  arc  of  rectangular  sectiou,  but  on  the  Midlrsid  Great  Western  Kail- 
way  (Ireland),  1  hey  are  preferred  of  half-round  section,  except  where  the  bearing-plates 
(bed  plates)  are  used.  Mr.  Price  says  that  for  heavy  traffic  ho  would  prefer  sleepers 
11  by  5^  inches ;  ho  uses,  however,  sleepers  10  by  .'>  inches,  8  feet  11  inches  long,  always 
ereosoted.  The  following  is  from  the  company's  specifications:  The  timber  is  to  bo 
of  good  sound  Baltic  redwood,  free  from  shakes  and  other  defects,  well  seasoned  and 
dry  ;  90  per  cent,  of  bolh  rectangular  and  half-round  sleepers  to  have  not  less  than  7^ 
inches  diameter  of  heart-wood,  and  10  per  cent,  not  lese  than  7  inches  at  both  ends. 
On  one  side  the  rectangular  sleepers  to  have  50  per  cent,  sharp  edges  down  to  9  iuches 
surface,  and  50  percent,  not  loss  than  8  inches,  and  on  the  other  side  all  edges  to  bn 
sharp.  The  rectangular  sleepers  are  to  be  grooved  and  bored  and  the  half-round 
slcejjers  to  bo  grooved,  in  accordance  with  the  templates  which  will  be  supplied  by 
the  engineer.  After  being  grooved  and  bored  they  are  to  be  placed  in  a  receiver  and 
thoroughly  impregnated  with  the  best  creosote  oil  (an  equal  mixture  of  light  brown 
and  black  oil)  under  such  pressure  and  for  such  time  as  shall  entirely  fill  the  pores 
with  the  liipiid.  The  sleepers  are  not  to  be  ereosoted  till  they  hav«5  been  stacked  in 
the  contractor's  premises  for  at  least  three  months  after  inspection  by  the  engineer. 

•Transactions,  Vol.  VIII,  page  17,  January,  1879. 
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The  engineer  will  reject,  either  before  or  after  delivery,  any  sleepers  which  do  not 
(jomply  with  the  above  conditions,  or  any  Hlcepers  the  sap-wood  of  which  Las  not 
been  fully  creosoted. 

(1)  Lancashire  and  Youkshirb  Railway. 

The  ties,  after  being  well  seasoned,  are  passed  through  a  combined  adzing  and 
boring  machine,  v/hich  first  cuts  out  a  seat  about  one-sixteenih  of  an  inch  dcej)  for 
the  chairs,  in  order  to  give  them  a  uniform  bearing,  and  then  simultaneously  bores 
the  eight  holes  required  for  chair  fastenings  in  each  tie.  The  machine  will  seat  and 
bore  about  one  hundred  ties  per  hour. 

1  he  ties  are  then  placed  on  small  iron  trucks  and  drawn  on  a  tramway  of  3-foot 
gauge  into  the  cylinder,  which  contains  eight  trucks  with  forty-seven  ties  each,  or 
three  hundrud  and  seventy-six  ties  in  all.  The  cylinder  is  77  feet  long,  6  feet  internal 
diameter,  built  of  oue-half-inch  wrought-irou  plates  and  having  egg-shaped  ends. 
When  the  full  number  of  ties  has  been  put  in,  the  doors  or  covers  are  put  on  and 
hermetically  fastened  by  means  of  dog-bolts  and  screws,  and  the  air  exhausted  by 
a  steam  ejector.  The  creosote  is  then  introduced,  heated  to  a  temperature  of  from 
100  to  120  degrees  Fahrenheit ;  the  air-gump  then  ceases  to  work  and  the  pressure 
pump  is  put  into  operation,  the  full  pressure  of  150  pounds  per  square  inch  being 
obtaiuctl  in  about  ten  minutes;  this  pressure  is  maintained  for  about  fifty  minutes 
.ind  is  then  withdrawn.  The  spare  creosote  is  allowed  to  run  back  into  the  reservoir 
under  tho  cylinder,  the  cover  is  removed,  and  after  the  ties  have  been  left  to  drip  for 
about  fifty  minutes,  they  are  taken  out  of  the  cylinder.  About  3  gallons  of  creosote 
are  allowed  for  each  tie,  or  9^  pounds  per  cubic  foot  of  timber.  The  efficiency  of  tlie 
process  is  ascertained  by  weighing  three  or  four  ties  out  of  every  charge,  both  before 
and  after  the  operation,  the  additional  vroight  showing  the  quantity  absorbed,  which 

averages  about  30  pounds  per  tie  : 

Pounds. 

Average  weight  of  tie  before  creosoting 128 

Gain  in  weight  during  process 30 

Average  weight  of  creosoted  tie 158 

The  whole  operation  for  one  charge  of  ties  occupies  about  one  hundred  and  thirty- 
two  minutes,  as  follows,  but  varies  slightly,  however,  according  to  the  moisture  in 
tho  timber: 

Minutes. 

Ejection  vacuum 13 

Pumping  commenced  and  tank  filled 9 

Full  pressure  obtained  in .' 10 

Full  pressure  maintained  for £0 

Spare  creosote  allowed  to  drip  from  ties 50 

Total 1.32 

From  the  creosoting  cylinder  the  timbers  are  run  back  into  the  chairing  shed,  where 

the  chairs  are  attached  to  the  ties  by  a  machine  (somewhat  on  the  style  of  a  steam 

hammer)  which,  at  one  stroke,  drives  the  four  fastenings  for  each  chair.     This 

macliine  will  "chair"  about  seventy  ties  per  hour. 

The  time  occupied  in  seating,  boring,  creosoting,  and  chairing  three  hundred  and 

seventy-six  ties  is  as  follows  : 

Ilrs.  Mia. 

Stating  and  boring 3  40 

Running  trucks  into  cylinder 0  20 

Creosoting 2  12 

Withdrawing  charge  from  cylinder 0  20 

Chairing 5  14 

Total 11        4<J 

or  1  minute  and  53  seconds  per  tie. 
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The  cost  of  the  operatious,  not  iuclu<Uti<;  the  vulue  of  tho  luauhines,  id   as  follows: 

Loiidiiij;  white  ties per  100..     |0.  36 

Adzing  iiml  boring do 62 

Tanking, do 64 

Creosote,  300  gallons .* do 6.75 

Chairing  and  spiking do 2.44 

Total 10.81 

or  10.81  cents  per  tie. 

Tho  whole  of  the  work  is  done  at  the  company's  store  yards  at  Castletun  and  Kuot- 
tingley,  and  is  let  pioce-work  at  the  above  rates. 

(2)  Great  Noutuern  Railway  (Iheland). 

In  1876,  wlien  a  number  of  railways  were  amalgamated  to  form  this  system,  tho 
uew  company  decided  that  all  the  ties  should  be  creosoted,  and  that  to  insure  tho 
work  being  efficiently  performed,  it  would  erect  a  suitable  plant  of  its  own  for  sawing, 
grooving,  and  crcosoting  the  timber  to  bo  used  for  ties.  After  being  sawed,  the  ties 
are  taken  to  the  grooving-machine,  which  forms  a  groove  or  seat  for  tho  base  of  flange 
rails  by  means  of  cutters  making  2,000  revolutions  per  minute.  Boring  machinery, 
with  twisted  augers,  was  used  for  a  short  time,  but  tho  adoption  of  the  improved 
ragged  spike,  which  cuts  its  own  way  without  splitting  tho  tie,  enables  holes  to  be 
entirely  dispensed  with,  and  insures  a  tighter  fit  of  the  spike.  After  being  grooved 
the  ties  are  run  out  into  the  yard  on  a  tramway  of  30-incb  gauge,  and  stacked  to  a 
height  of  14  feet,  alternate  tiers  on  edge  and  on  flat. 

Tho  cylinder  is  60  feet  long  (6  tie  lengths),  6  feet  diameter,  built  of  three-eighths- 
iach  plates.  The  safety  valve  is  set  at  110  pounds,  bat  seldom  rises ;  it  is,  however, 
sometimes  lifted  to  release  air  and  water  when  the  pressure  pomps  are  working. 
There  are  six  tanks,  of  such  a  size  that  a  vertical  inch  of  the  six  tanks  represents  156 
gallons;  a  float  is  connected  with  a  gauge  and  scales,  which  show  tho  gallons  or 
pounds  of  creosote  forced  into  tho  cylinder.  There  are  IJ-inch  pipes  in  tho  cylinder, 
through  which  the  steam  is  forced  to  heat  the  creosote  to  120  degrees  Fahrenheit, 
thus  dissolving  the  naphthaline,  etc.,  and  rendering  the  creosote  quite  fluid.  There 
is  an  air-pump,  G^  by  10  inches,  which  exhausts  the  air  from  tho  cylinder,  and  the 
creosote  enters  by  tho  atmospheric  pressure  on  tho  tanks ;  the  partial  vacuum  does  not 
extract  the  sap  or  affect  tho  timber.  When  the  cylinder  is  nearly  full  tho  valve  is 
closed,  air-pump  stopped,  and  tho  two  force  pumps,  3  by  4  inches,  put  to  work. 
Three  hours  of  steady  pressure  are  required.  Tho  consumption  of  oil  varies  from  140 
to  180  casks  of  36  to  38  gallons  each,  per  week,  and  the  quantity  used  annually  is 
about  2oO,000  gallons.  The  average  quantity  of  creosote  injected  is  2.35  to  2.57  gal- 
lons, or  25  to  27  pounds  per  tie.  About  nine  months'  seasoning  is  customary,  but  a 
long»'r  period  is  considered  desirable  so  as  to  insure  dryness. 

"Little  or  no  creosote  can  bo  forced  into  a  thoroughly  wet  skeper,  oven  at  high 
pressures,  and  a  thoroughly  dry  sleeper  will  readily  absorb  a  large  quantity  of  oil 
which,  when  solidified  by  exposure  to  tho  air,  no  moisture,  either  from  air  or  wot 
ground,  will  succeed  in  removing." 


CIRCULAR  IN  REGARD  TO  CHESTNUTOAK  TIES. 


FOR  INFORMATION  OF  RAILROAD  MANAGERS. 

U.    S.    DkI'AKTMKNT  OF  AGUICULTURE,  FORESTHY   DIVISION, 

Washington,  D.  C,  December,  l-'87. 

Ge^Ttlkmen:  Hoping  that  you  bavo  appreciated  tbe  manner  in  which  the  Forestry 
Division  of  this  Department  has,  hy  its  tirst  Bulletin,  attempted  to  call  the  attention 
of  railroad  managers  to  tlic  need  of  economy  in  the  use  of  forest  supplies,  allow  me, 
in  furtherance  of  such  economy,  to  present  the  following  statements,  which  may  be 
of  interest  to  you. 

In  the  use  of  oak  for  cross-tics,  the  specifications  of  most  roads,  especially  those  of 
the  South,  call  for  white  oak  (Querctis  alba),  a  timber  which  is  sought  for  also  by 
almost  every  industry  employing  oak,  and  which  is  therefore  rapidlj^  decreasing  and 
approaching  comparative  exhaustion.  Meanwhile,  millions  of  feet  of  tan-bark  or 
chestnut  oak  {Quercus prinua)  are  rotting  in  the  forests,  after  being  stripped  of  their 
bark,  because  their  value  for  cross-ties  is  not  known  or  is  underestimated  in  many 
regions. 

This  lack  of  appreciation  of  the  value  of  this  wood  causes  not  only  waste  of  the 
wood  itself,  but  waste  of  the  bark  also,  as  without  ready  demand  for  the  wood  ix, 
does  not  jiay  to  iieel  the  larger  limbs. 

From  information  furnished  by  Dr.  Mohr,  of  Mobile,  Ala.,  an  expert  in  forestry  sta- 
tistics and  agent  of  this  Department,  it  appears  that  from  the  line  of  the  Louisville 
and  Kashvillo  Railroad,  south  of  the  Tennessee  River,  between  5,000  and  7,000  cords 
of  bark  are  shi^jped  annually,  involving  the  felling  in  that  district  alone  of  from 
10,000  to  13,000  trees  which  are  consigned  to  useless  destruction,  while  capable  of 
yielding  not  less  than  100,000  first-class  railroad  ties. 

As  to  the  lasting  quality  of  the  timber  of  chestnut  oak,  experiences  are  reported 
from  Cullman,  Ala.,  to  the  effect  that  i)Ost8  of  this  oak  outlast  those  made  of  white 
oak,  partly,  probably,  because  the  timber  is  peeled.  One  reliable  report  states  that 
tan  bark-oak  posts  were  found  to  be  sound  after  twelve  years,  while  those  of  white 
oak  in  the  same  construction  had  to  be  replaced  several  years  sooner.  Reports  from 
railroad  companies  where  this  wood  is  used  for  ties  give  their  life  as  from  five  to  ten 
years,  while  the  reports  for  white  oak  give  from  three  to  twelve  years.  In  the 
average,  all  the  oaks  which  are  know^n  as  "  white  oaks,"  named  below,  last  between 
seven  and  eight  years  in  the  road-bed. 

That  the  oaks  of  this  class  may  be  used  for  railroad  construction  interchangeably, 
and  do  not  offer  any  appreciable  differences  in  the  qualities  most  essential  for  a  good 
railroad  tie,  the  following  table,  compiled  from  the  Census  Report,  may  serve  to  show. 
The  column  of  siiecific  gravity  will  allow  an  estimate  in  regard  to  adhesion  of  spikes, 
while  the  column  of  indeotatioB  allows  an  estimate  as  to  resistance  to  cutting  of  rail. 
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TIio  position  as  to  qaality,  in  comparison  with  tlio  other  kinds  meationod,  is  indi- 
cated by  numbers  in  parentheses. 


• 

Weight 

Speciflo 
gravity. 

Resistance 

Trana- 

Dcsciiption. 

Bange. 

por 
cubic 
foot. 

to  in- 
dentation. 

Elasticity. 

verse 
strength. 

Wliito  oalc  (Qxiercus  alba, 

East  of  the  Rocky 

4C.35 

0.7470  (i) 

3388  (6) 

97089  (2) 

903(4) 

L). 

Monn  tains. 

(^Iicsluutorrock-clieatnut 

Northeastern  and 

40.73 

b.  7499  (8) 

3688  (3) 

125473  (1) 

1031  (9) 

o.ik  (Quercufprinus,  L.)- 

in     Kentucky, 
Tennessee,  and 
Alabama. 

Haskot  or  cow  oak  (Qufr- 

SoutUuasleru  

50.10 

0.8039  (S) 

3725  (4) 

96373  (3) 

1118  (1) 

•riti  Micliavxii,  Nutt). 

Hiirr,  iiiossy-cnp,  or  over- 

Northern  United 

40.45 

0.7453  (G) 

3730  (3) 

92920  (4) 

982  (3) 

cup  oak  Quercu*  macro- 
earpa.  Jlichx). 

States. 

I'ost  or  iidii  oak  (Qtiercus 

East    of     Rocky 

52.14 

0.8367  (1) 

4415  (1) 

83267  (5) 

872  (tt) 

obhmiloha,  M-'chx). 

Mountains. 

CiLifoima      wlrilo      oak 

Paciiic  Coast 

40.45 

0.  7453  (5) 

384C  (2) 

81109  (0) 

879  (5) 

tQiic-ci^        Oarryana, 

Doi-gl). 

From  these  figures  it  would  seem  that,  contrary  to  the  accepted  notion,  the  white 
oak,  par  excellence,  is  inferior  in  all  particulars  to  the  chestnut  oak,  and  in  general 
not  superior  to  any  ot'  the  otiiers. 

Trusting  that  iho  above  information  will  bo  of  value  to  you,  and  that,  so  far  as 
yotir  conditions  enable  you  to  make  use  of  it,  you  will  do  so,  and  thus  to  some  extent 
aid  in  economizing  timber  supplies. 
Yours,  respectfully, 

Norman  J.  Colman, 

Comviissioner  of  Agriculture. 

Note. — The  objection  to  the  injurious  influence  on  their  durability  of  cutting  trees 
ju  the  sap,  which  i.s  done  to  obtain  bark,  is  met  by  leaving  the  trees  full  length,  with 
limbs  and  leaves  uutrimuied  for  a  fortnight,  when  by  the  action  of  the  leaves  a 
more  thorough  seasoning  will  be  accomplished  than  can  otherwise  be  obtained. 

This  practice  is  common  abroad  wherever  summer  felling  is  a  necessity,  and  has 
proved  itself  so  satisfactory  that  preference  is  given  to  cutting  timber  in  the  leaf. 


CORRESPONDENCE    IN    REPLY    TO    THE    CIRCULAR    ON 
CHESTNUT-OAK    TIES. 

LouisvilU,  New  Orleans  and  Texas  Railway  Company. — My  own  experience  confirms 
fully  the  facts  stated  in  your  circular.  (James  M.  Edwards,  vice-president  and  gen- 
oral  manager.) 

Richmond  and  Allegheny  Railroad. — I  have  ranked  chestnut  oak  with  white  and  post 
oak  for  thirty  years  past,  and  in  the  middle  sections  of  the  State  the  impression  is 
that,  cut  under  similar  conditions,  it  rather  outlasts  tlie  wliite  oak.  (R.  D.  Whit- 
corab,  chief  engineer.) 

Cincinnati,  Xeiv  Orleans  and  Texas  Pacific  Railway  Company. — 1  havescen  your  circular 
concerning  the  value  of  cheritnut  oak,  and  am  glad  that  you  called  attention  to  the 
subject. 

We  have  had  its  use  specilied  for  our  cross-ties  on  the  Cincinnati  Southern  Kailway 
since  the  first  construction  of  the  track,  in  187(5.     (G.  B.  Nicholson,  chief  engineer.) 

Nashville,  Chattanooga  and  Saint  Louis  Railway. — Please  accept  my  thanks  for  your 
circular  letter  with  reference  to  chestnut  oak  for  cross-ties.     Our  chief  engiticer  ad- 
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vises  me  that  he  chissos  it  third  host  for  this  purpoao  ,  and  considers  it  hut  liltle  in- 
ferior to  white  oak  for  cro.-js-ties.     (J.  W.  Tliomas,  i)rosident.) 

Suiiit  Louis  and  San  Francisco  Jiailway  Company. — Ninety-five  per  cent,  of  the 
tiniher  lit  for  ties  on  our  lines  is  composed  of  white,  burr,  or  post  oak.  We  have  oc- 
casionully  obtained  a  few  ties  made  of  what  is  called  chinquapin  oak,  which  is  a  va- 
riety of  chestnut  oak,  and  has  long  been  recognized  to  be  one  of  the  best  varieties  of 
timber  for  cross-ties.     (James  Dun,  chief  engineer.) 

Philadelphia,  Wilmington  and  Haltimore  llailroad  Company. — We  have  bought  sev- 
eral thousand  of  <^M(^TM8j>rJnw8  in  the  Virginia  counties  bordering  on  the  Chesapeake 
B»y  this  last  season.  I  consider  it  everj'  way  equal,  if  not  superior,  to  the  Quercus 
alba  ties.  If  you  can  direct  me  where  the  bark  of  the  Prinus  is  being  used,  I  will  at 
once  send  our  agent  to  see  what  we  can  do  towards  getting  the  cross-tie  in  the 
spring  after  the  trees  are  barked.     (J.  N.  Mills,  superintendent.) 

Mexican  Central  Railicay  Company. — We  are  using  on  our  railroad  now,  so  far  as  we 
draw  from  the  United  States,  for  the  main  line,  cedar  grown  in  northern  Michigan 
and  southern  Canada,  and  we  have  already  contracted  for  1,000,000  ties  for  next 
year's  supply. 

We  have  also  bought  25,000  white-oak  ties.  These  are  the  only  oak  ties  that  have 
been  purchased  in  the  three  and  a  half  yfears  of  my  presidency,  with  the  exception  of 
some  small  lots  of  bridge  ties.  So,  as  you  see,  we  have  not  been  very  great  sinneis 
in  tlie  matter  of  the  use  of  Avhite  oak. 

The  2r),000  oak  ties  wore  for  use  in  curves;  heretofore  we  have  used  ou  curves  raes- 
quito  tics  grown  in  Mexico;  the  supply  was  never  plentiful,  and  it  had  materiully 
diminished. 

The  information  you  give  us,  therefore,  may  become  of  great  importance.  (Levi 
C  Wade,  prctiident.) 


SPECIFICATIONS  TOR  WOODEN  CROSS-TIES. 


PROPOSED   GENERAL  SPECIFICATIONS  FOR  CROSS-TIES. 


Cross-ties  will  be  accepted  of  the  following  varieties  of  timber :  Oaks  of  the  vari- 
ous kinds  known  as  "  white,"  "black,"  "yellow,"  "rock,"  or  "  chestnut,"  "  burr," 
and  "  post,"  red  cak,  black  locust,  second-growth  white  chestnut,  beech,  red  elm, 
cherry,  maple,  butternut,  tamarack,  and  yellow  piue  of  the  long-leaved  Southern 
hard  pine  variety  cut  from  untapped  trees,  white  and  red  cedar.  Hemlock  may  be 
accepted  but  ouly  under  special  contracts.  ~ 

SIZE. 

First  cla'tii.  Eight  ami  one-half  feet  in  length,  7  inches  in  thickness,  and  not  less 
than  7  inches  width  of  face  on  both  sides  at  the  small  end. 

Second  clas".  Eight  feet  in  length,  6  inches  in  thickness,  and  not  less  than  7  inches 
width  of  face  on  both  sides  at  the  small  end;  and  in  each  class  there  must  be  at 
oast  ono-fourlh  of  the  whole  number  that  will  be  not  loss  than  10  inches  in  width  of 
faces. 

MANUFACTURE. 

All  ties  must  bo  made  from  sound,  thrifty  live  or  green  timber,  free  from  loose  or 
rotten  knots,  worm-holes,  dry-rot,  wind-shakes,  splits,  or  any  other  imperfections 
affecting  the  strength  or  durability  of  the  timber. 

Not  more  than  1  inch  of  "sap  wood  "  will  bo  allowed  on  the  edges  or  corners,  and 
none  at  all  on  either  face  of  the  ties  ;  they  must  be  hewed  or  sawed  with  the  faces 
perfectly  true  and  parallel,  of  the  exact  thickness  specified ;  the  faces  must  be  out 
of  "  wind,"  smooth,  and  free  from  any  inequalities  of  surface,  deep  score  marks,  or 
splinters  ;  they  must  be  cut  or  sawed  square  on  the  ends  to  the  exact  lengths  given 
and  be  generally  straight  in  all  directions,  and  will  not  be  accepted  if  more  than  3 
inches  out  of  straight  in  any  direction ;  and  must  be  peeled  or  stripped  entirely  free 
from  the  bark  before  being  delivered. 

No  "  square  ties,"  either  hewed  or  sawed,  will  be  accepted  excepting  under  special 
contracts.  No  split  ties  will  be  accepted  under  any  circumstances,  and  "culls" 
only  at  the  option  of  the  company,  and  at  such  prices  as  may  be  agreed  upon  from 
time  to  time. 

DELIVERY. 

All  ties  delivered  along  the  line  of  the  railway  must  be  stacked  np  in  neat  square 
Htacks  of  fifty  tics  in  each,  with  alternate  layers  crossing  each  other,  and  on  ground, 
wherever  possible,  as  high  or  higher  than  the  grade  of  the  railroad,  and  in  such  posi- 
tion as  to  admit  of  being  counted  and  inspected  with  ease  and  facility.  Ties  deliv- 
ered at  suitable  and  convenient  places,  acceptable  to  the  company,  will  be  inspected, 
and  bills  made  for  all  received  and  accepted  np  to  the  last  day  of  each  month,  and 
payment  will  be  made  forsame  on  or  about  the day  of  the  succeeding  month. 


Chief  Engineer, 
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SPEOIFKSATIONS   FOR    CROSS  TIES    USED    BY    NEW  ORLEANS  AND 
NORTHEASTERN  RAILROAD. 

The  timber  shall  bo  eilhcr  whito,  post,  biirr,  or  chestnut  oak,  mulberry,  black  lo- 
cust, red  cypress,  or  long  leaf  yellow  pine,  cut  in  any  month  of  the  year  of  delivery 
except  February,  March^  April,  May,  or  June,  from  young,  sound,  liviug  trees.  It 
must  be  free  from  rotten  or  loose  knots,  worm-holes,  dry-rot,  wind-shakes,  or  other 
imperfections  affecting  the  strength  and  durability  of  the  wood. 

The  cross-ties  must  be  9  feet  long  and  straight  in  all  directions,  not  less  than  7  nor 
more  tjian  TJ  inches  in  thickness.  They  must  have  not  less  than  7  inches  of  heart 
face. 

The  hewn  surfaces  mast  be  parallel,  free  from  objectionable  score-marks,  and  not 
winding.  The  ends  must  be  cut  square  and  all  bark  removed.  No  sawed  ties  will 
be  accepted. 

The  ties  must  be  delivered  on  the  right  of  way  of  the  railway,  not  lower  than  the 
grade,  and  not  higher  thau  8  feet  above  grade. 

They  shall  be  scattered  for  inspection  in  such  a  manner  that  all  parts  of  every  tie 
can  be  seen  and  measured  by  the  inspector. 

AH  accepted  ties  must  be  arranged  in  piles  formed  of  layers  separated  by  two  ties. 

PROPOSAL. 

The  undersigned  hereby  propose  to  furnish,  according  to  the  foregoing  specifications 
cross-ties.     Said  cross-ties  to  be  delivered  as  aforesaid  at ,  at  the 


rate  of cents  per  cross-tie. 

The  undersigned  further  propose  to  commence  work  within days  from  date 

hereof,  and  complete  the  delivery  of  ties  on  or  before ,  18 — . 

Signed  this day  of ,  18 — . 

Name  of  firm  : , 

By , 


Reference : 

Post-office  address ; 


REPORT  OF  EXPERIMENTS  IN  WOOD  SEASONING. 


Chemical  Laboratory, 

Aurora,  IlL,  January  9,  1889. 
Mr.  G.  W.  Rhodes, 

Superintendent  M.  P.,  Chicago  and  Burlington  E.  R.  Go.  : 

Dear  Sir  :  Herewith  is  submitted  a  report  on  a  second  series  of 
"  experiments  in  the  fluctuation  of  moisture  in  wood  during  seasoning," 
a  report  on  first  series  having  been  submitted  March  2,  1887.  Accom- 
panying this  are  diagrams  showing  the  weekly  fluctuation  of  the  moist- 
ure for  every  piece  used  during  the  experiments,  based  uj)on  the  exact 
percentages  of  moisture  in  the  tables  given  herein.  In  the  diagrams 
the  nearest  to  a  whole  per  cent,  was  taken. 

The  object  of  this  second  series  was  to  corroborate,  if  possible,  the 
conclusions  of  the  first  series,  viz:  (I)  To  determine  the  time  that  out- 
door seasoning  begins  and  ends  as  indicated  by  the  moisture ;  (2)  to 
ascertain  whether  the  wood  will  again  take  back  moisture  during  the 
wet  seasons  of  the  fiill  and  spring;  (3)  effects  of  size  of  wood;  and  (4) 
whether  one  season  is  sufficient  to  season  wood. 

To  determine  these  questions,  fifteen  pieces  of  unseasoned  timber,  as 
wet  as  could  be  obtained,  were  placed  out  of  doors  in  a  latticed  shed, 
and  loosely  piled  with  cleats  between  and  a  board  topping,  all  to  pro- 
tect from  direct  dripping  and  rain,  and  yet  to  be  under  the  same  condi- 
tions as  outdoor  seasoned  lumber. 

All  of  the  oak  was  from  Kentucky',  the  pine  from  Michigan,  ash  from 
Arkansas,  v/hite-woofl  from  Tennessee,  and  elm  from  Michigan. 

The  first  lot  of  lumber,  including  all  but  the  pine,  was  received  Wed- 
nesday, December  29, 1880,  and  the  first  deternnnation  of  moisture  made 
Monday,  January  3,  1887.    The  four  pines  were  received  later,  the  first 
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moisture  Uetenninatiou  being  made  April  18,  1887. 
the  tleterminations  and  tbe  kind  of  material :  . 


The  following  are 


Letter. 

Kind. 

For  what  used. 

Cross  di- 
roensions. 

Length. 

A 

Oak 

In.      In. 
4i  by  14 
4Jby   8 
34  by  121 
5    by    94 
9    by    94 
4    by    5 
9Jby    94 

3  by   44 

4  by    9 
3    by  12 
44  by    64 
2   by  10 
1    by   6 

5  by    94 
24  by    5 

Ft.  In. 
17    0 

V 

do 

do 

8    2 

D 

do 

End  plate 

9    3 

E 

do 

End  sill 

9    6 

J 

do 

do 

10    0 

K 

do 

7    4 

G 

do 

12    2 

I 

do 

7    0 

B 

Ash 

16    0 

C 

16    0 

H 

Elm 

12    0 

L 

Hard  pine 

18    0 

M  

16    0 

N 

llardpine 

.. do 

30    0 

0 

30    0 

There  arc  yet  running  two  pieces  of  pine  (N  and  O),  and  when  they 
are  finished  a  third  report  will  be  made  on  "  fluctuation  of  moisture  in 
wood  and  miscellaneous  experiments  in  wood  seasoning." 

On  every  Monday  morning  the  amount  of  moisture  was  determined. 
Following  is  the  method  emi)loyed  in  the  estimation :  From  the  same  end 
of  each  piece,  exactly  3  inches  was  sawed,  and  from  this  piece  on  the 
end  freshly  sawed,  and  exactly  in  the  center,  borings  of  the  wood  were 
obtained,  using  a  §-iuch  bit.  These  borings  or  chips  were  transferred, 
as  quickly  as  they  left  the  bit,  to  a  previously  weighed  drying  tube,  and 
when  about  2^  inches  had  been  bored,  the  tube  is  quickly  and  securely 
stopped  and  again  weighed.  The  amount  of  chips  of  the  wood  is  then 
known.  This  tube  containing  the  chips  is  placed  in  an  air-oven  for 
one  hour,  at  a  temperature  of  230  degrees  Fahrenheit;  then  taken  out, 
cooled  and  weighed.  This  is  repeated,  drying  fifteen  minutes  each  time, 
until  the  weight  begins  to  increase  (due  perhaps  to  oxidation  of  the 
resinous  matters),  when  the  lowest  weight  obtained  is  taken  as  the  cor- 
rect one.  The  determinations  were  all  made  by  the  same  person,  except 
a  few  during  March  and  April,  1888,  and  thus  any  "personal  error" 
avoided  that  might  arise  from  different  persons  doing  the  work. 

COMMENTS. 

Oalc. — It  will  be  noticed  in  the  tables  of  percentages  of  moisture  that 
determinations  were  made  in  eight  jneces  of  oak  of  different  dimensions, 
only  one  of  which  (A)  was  of  suflBcient  length  to  last  more  than  one 
year.  In  this  piece  the  moisture  fluctuated  very  much,  although  there 
is  noticeable  decrease  commencing  in  April,  and  being  the  lowest  the 
latter  part  of  November,  when  it  increased  from  30  per  cent,  to  35  i^er 
cent.,  and  then  went  down  again  until  it  ended  in  March.  I  do  not 
attribute  the  5  per  cent,  increase  in  December  to  the  wood  absorbing 
moisture,  but  to  the  fact  that  the  per  cent,  of  moisture  in  the  center  or 
heart  of  green  oak  would  amount  to  this  difference.    An  experiment  was 
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made  ou  oak  to  determiuc  tbis  point,  a  report  of  wliicli  will  bo  giveu  iu 
the  third  series.  In  oak  G  (dimension  9i  inches  by  9J  inches  by  12  feet 
2  inches),  the  moisture  at  start  in  January  was  43  per  cent.,  and  com- 
menced to  drop  in  March  and  April  and  in  the  following  months  until 
the  end  in  November,  fluctuating  between  38  per  cent,  and  41  per  cent. 
The  remaining  oak  (K,  F,  I,  D,  J,  and  E)  all  commence  to  decrease  in 
percentage  of  moisture  during  March  and  April,  and  show  a  continual 
decrease  toward  the  end  of  the  pieces.  Unfortunately  these  pieces  were 
not  of  sutiicient  length  to  allow  the  moisture  to  reach  the  lowest  limit, 
but  from  them  we  can  tell  the  spring  months  which  the  seasoning  be- 
gins. 

Pine. — Experiments  with  the  pines  were  not  commenced  until  April 
18,  1887,  and  two  test  pieces  (N  and  O)  are  still  under  observation.  In 
these  there  is  an  almost  immediate  decrease  iu  percentage  of  moisture. 
In  N,  the  moisture  dropped  from  28  per  cent,  in  April  to  12  per  cent. 
October  1,  when  it  increased  to  about  IG  per  cent.,  remaining  at  that 
through  the  full  winter  and  spring,  and  in  the  following  May  again  be- 
gan to  decrease  until  13  per  cent,  was  reached,  where  it  remained  with 
slight  variation.  Iu  O,  the  moisture  in  April,  1887,  was  20  per  cent., 
and  by  the  following  August,  1887,  had  dropped  to  9  per  cent.,  then 
increased  to  about  14  i)er  cent.,  where  it  remains  with  the  exception  of 
a  slight  drop  in  the  summer. 

Months  of  1888 :  The  piece  of  roofing,  1  inch  thick,  had  14  per  cent,  of 
moisture  in  April,  1887,  and  which  decreased  to  10  percent,  by  August, 
but  the  following  fall  and  winter  months  it  increased  to  16  per  cent., 
and  did  not  decrease  during  the  winter  and  spring  months,  until  Au- 
gust, 18S8,  when  it  commenced  to  drop,  and  by  June,  1888,  the  percent- 
age was  about  the  same  as  the  summer  of  1887.  This  piece  took  up 
moisture  during  the  wet  seasons. 

The  pine  L  (2  inches  by  10  inches  b^'^  18  feet)  when  first  commenced 
in  April  contained  18-20  per  cent,  moisture,  but  immediately  began  to 
decrease  and  reached  the  lowest  percentage  of  moisture  in  the  following 
July  and  August,  then  increased  during  the  fall  and  winter,  amount- 
ing to  17  per  cent,  during  February  and  March  of  1888,  and  again  be- 
ginning to  decrease  in  April  and  continuing  to  do  so  until  the  piece 
ended  in  the  middle  of  July.  The  piece  also  took  up  moisture  during 
the  wet  seasons. 

Ash. — Only  one  piece  of  ash  was  used  during  the  experiments,  which 
contained  about  22  per  ceut.  of  moisture  during  the  months  of  January, 
February,  and  JNIarch,  but  during  April  the  percentage  began  to  de- 
crease, being  the  lowest  iu  August  (11  per  cent.)  and  remained  at  about 
12  per  cent,  during  the  following  fall  and  winter  months,  and  until 
March,  1888,  when  the  piece  ended. 

Elm. — The  one  piece  of  elm,  II,  showed  a  steady  decrease  of  moisture 
from  20  per  cent,  in  Jaiuiary,  1887,  to  10  per  cent,  in  November  of  the 
same  year,  when  the  end  of  the  piece  was  reached. 
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White  wood. — This  wood,  G,  had  16  jier  cent,  of  moisture  iu  January , 
18S7,  and  began  to  decrease  iu  April,  reaching  the  lowest  (10  per  cent.) 
in  July  and  August,  and  varied  but  1  or  2  per  cent,  during  the  re- 
mainder of  the  period  of  observation,  whicli  ended  the  middle  of  No- 
vember of  the  same  year. 

Percentages  of  moisture. 


Oak. 

Asli. 

White 
wood. 

Oak. 

Elm. 

Oak. 

Pino. 

Date. 

,A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

K. 

L. 

M. 

N. 

0. 

1887. 

rau.  3 

10 

33.06 
36.53 
38.72 
40.73 
40.56 
41.85 
42.99 
43.13 
43.78 
42.11 
42.81 
42.63 
43.14 
43.61 
42.85 
41.83 
43.02 
40.08 
40.65 
39.80 
39.95 
39.52 
45.44 
35.90 
39.39 
40.10 
39.78 
40.67 
37.76 

41.40 
40.81 
37.81 

39.15 
40.49 
38.43 
38.05 

37.37 

34.94 
36.11 

36.37 
35.51 
35.66 
34.32 
34.07 
32.77 
32.28 
33.44 

30.26 

31.43 
33.03 
33.60 
34.40 

34.21 
34.81 
34.82 
34.22 
33.58 

19.79 
22.31 
22  35 
22.42 
22.C0 
22.44 
22.37 
22.59 
22.49 
21.07 
20.84 
"21.02 
21.24 
21.26 
23.26 
19.08 
20  61 
18.76 
18.32 
17.31 
16.88 
16.42 
16.34 
15.87 
14.30 
13.91 
13.31 
13.21 
12.61 

13.00 
11.32 
13.15 

12.69 
12.36 
12.45 
11.37 

12.23 

11.18 
12.43 

12.09 
12.43 
12.10 
12.25 
12.34 
12.04 
11.95 
12.23 

16.68 

12.70 
13.03 
12.80 
12.80 

13.09 
13.56 
13.71 
13.23 
12.69 

16.21 
14  80 
15.78 
15.52 
14.31 
15.11 
15.72 
15.89 
15.03 
15.45 
15.33 
15.32 
15.54 
15.21 
13.98 
13.30 
14.06 
12.26 
12.01 
11.51 
11.10 
11.78 
12.47 
12.19 
11.19 
10.40 
11.34 
11.05 
10.46 

10.95 
9.20 
9.81 

10.55 
11.56 
11.22 
10.73 

10.80 

10.35 
11.11 

12.84 
12.44 
11.81 
11.93 
11.81 
11.29 
11.50 
8.39 
End. 

46.50 
46.09 
46.83 
40.25 
43.33 
45.57 
46.47 
46.38 
46.20 
43.64 
43.04 
45.11 
46.62 
44.57 
45.50 
43.77 
40.53 
40.03 
40.43 
39.50 
40.68 
41.45 
42.62 
40  97 
40.50 
40.49 
35.51 
34.70 
32.47 

34.19 
31.57 
33.42 

30.50 
29.50 
25.06 
23.77 
End. 

44.23 
45  07 
45.00 
45.41 
4X90 
43.S0 
43.79 
42.92 
4.{.31 
42.?8 
43.19 
43.82 
44.03 

43.  as 

42.20 
42.27 
41.57 
41.85 
41.84 
42.11 
41.34 
41.81 
41.31 
41.01 
40.15 
40.41 
41.12 
41.72 
41.22 

41.08 
39.C0 
39.07 

39.08 
38  92 
30.38 
30.88 

34.70 
End. 

38.75 

40.00 

40.37 

40.28 

40.08 

39.18 

41.03 

39.29 

39.48 

38.47 

38.20 

38.44 

37  82 

37.37 

38.50 

38.01 

39.37 

S8.04 

38.40 

38.21 

36.82 

37.24 

37.38 

37.71 

37.00- 

37.28 

36.50 

35.52 

35.89 

34.93 
31.40 
21.17 
End. 

43.21 
42.94 
42.22 
42.C8 
44.32 
43.51 
42  9^ 
42.20 
42.80 
42.10 
40.29 
40.28 
40.97 
40.05 
39.02 
39.62 
40.30 
38.81 
38.38 
39.45 
38.34 
37.61 
38.70 
38.94 
c6.66 
35.39 
39.03 
38.60 
40.65 

40.00 
39.21 
40.31 

40.58 
40.44 
41.29 
40.52 

40.07 

58.68 
40.02 

40.42 
40.80 
39.34 
38.46 
38.58 
35.09 
36.68 
37.11 

32.36 
End. 

28.51 
28.21 
28.59 
27.83 
27.12 
27.35 
28.03 
27.51 
27.39 
26.85 
25.57 
24.40 
24  42 
24.28 
23.00 
23.47 
23.14 
22.07 
22.91 
22.34 
21.09 
22.12 
21.58 
21.23 
20.50 
20.10 
20.20 
19.48 
19.23 

18.94 
17.64 
18.50 

17.92 
17.31 
17.65 
10.93 

10.38 

10.25 
16.61 

16.53 
16.12 
16.75 
10.20 
16.30 
16.25 
15.15 
15.58 

12.70 
End. 

47.23 
44.33 
44.67 
41.63 
43.80 
44.50 
44.69 
43.93 
44.59 
42.70 
42.31 
42.01 
42.85 
41.65 
40.70 
40.57 
41.49 
39  87 
40.97 
29.  W 
38.94 
39.00 
38.44 
36.^3 
34.71 
33.11 
32.56 
31.28 
24.43 

29.48 
21.98 
21.98 
End. 

37.75 
37.98 
38.74 
37.77 
38.99 
35.89 
37.89 
37.93 
38.85 
39.00 
37.23 
37.50 
35.87 
35.74 
37.09 
36  03 
38.15 
36.55 
38.19 
3S.72 
38.42 
37.67 
36.95 
30.11 
34.20 
33.63 
34.65 
36.50 
34.70 

34.83 
35.13 
37.72 

30.80 
30.00 
37.32 
36.94 

35.90 

30.60 
26.00 
End. 

42.90 
43  00 
43.07 
43.26 
42.17 
42.17 
42.66 
42.18 
42.69 
41.36 
40.65 
43.83 
40.31 
40.48 
40.22 
40.18 
40.52 
39.62 
39.55. 
39.41 
39.51 
39.19 
38.93 
38.22 
38.16 
37.07 
35.57 
32.32 
24.57 
End. 

' 

17 

24 

31 

Feb.  7 

14 

21 

28 
ifar.  7 

U 
21 
28 

^    11 
18 
24 

May  2 

9 

16 

23 

30 

r>iue  C 
13 
20 
27 

July  4 
11 
18 

25 

Ang.l 

15 

22 

29 

Sept.  5 

12 

19 

iV.ss 

19.56 
17.09 
15.47 
13.56 
12.09 
13.88 
15.21 
14.05 
13.29 
12.72 
12.79 
12.48 
11.50 

12.43 
10.89 
11.01 

11.02 
12.00 
13.02 
12.03 

12.62 

11.90 
12.90 

13.86 
14.01 
16.62 
13.14 
13.29 
12.70 
12.09 
14.48 

13.23 

13.09 
14.00 
13.6i 
13.99 

14.46 
14.97 
15.11 
15.43 
15.42 

13*58 
14.11 
12.52 
12.42 
11.22 
12.04 

8.99 
14.25 
12.17 
11.71 
11.30 
12.54 
12.70 
10.31 

(*) 
10.82 

9.70 

9.88 

11.63 
11.12 
11.86 
11.10 

11.83 

11.10 
12.01 

16.26 
15.43 
13.72 
13.94 
13.26 
12.54 
12.43 
13.12 

13.59 

13.77 
14.73 
14.78 
14.26 

14.53 
16.10 
10.32 
15.81 
10.31 

23'.37 
29.18 
28.01 
28.32 
26.27 
22.77 
27.42 
25.19 
24.24 
19.00 
19.82 
19.05 
20.80 
16.07 

21.28 
19.47 
19.59 

17.73 
15.83 
16.65 
15.84 

14.79 

1.3.44 
14.18 

12.25 
15.04 
14.34 
14.91 
14.C0 
13.73 
14.78 
14.93 

14.94 

14.88 
15.12 

2"r.'2i 

21.27 
18.34 
10.32 
14.11 
14.22 
14.32 
15.15 
13.29 
10,00 
10.52 
11.25 
9.01 
9.43 

9.98 
8.04 
8.82 

10.55 
10.58 
10.89 
10.40 

10.92 

10.16 

2C 



11.29 

Oct.   3 

13.38 

10 

12.98 

17 

12.07 

24 

12.95 

31 

13.01 

Nov.  7 

15.03 

14 

1204 

21 

9.39 

28 

13.79 

Doc.  5 

13  58 

12 

14  (;7 

19 

14.78    13..57 

26 

14.47    13.48 

1888. 
Jan.  1 

13.30    14.00 

9 

l.'i.SO    14.78 

16 

1.5.38    14.59 

23 

1.V39    14.25 

30 



ir..79l  11.17 
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Percentages  of  moisture — Cotitiuued. 


Date. 

Oak. 

Ash. 

White 
wood. 

Oak. 

Ehn. 

Oak. 

Pine. 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

1. 

J. 

K. 

L. 

M. 

N.       0. 

18«8. 
Fob    5 

33  30 
32.65 
32.01 
30  6(5 
30.08 

22.32 

12.97 
13.20 
13.20 
12.85 
12.57 
End. 

10.20 
10.01 
1.5.95 

16.35 
10.48 
11.48 
15.78 
15.19 

14.66 
15.80 

15.22 
15.03 
13.51 
13.38 
13.50 
11.00 
11.80 
12.27 
11.71 
12.18 
11.40 
11.36 
10.30 
End. 



15.72 
10.26 
13.58 
1.5.89 
10.14 

1.5.79 
15.41 

15.61 
1618 
15.29 
14.95 
15.54 
15.22 
15.79 
15.95 
15.90 
15.49 
14.23 
14.29 
13.39 

13.14 
13.16 
13.98 
12.71 
12.30 
12.56 
12.32 
13.25 
12.67 

12.90 
11.79 
11.34 
12.03 
12.70 
11.87 
12.09 
l.'-.53 

HOI 

13 

..... 

14.25 

20 

13  98 

27 

16.17 
16.65 

16.47 
10.01 

10.13 

14.16 

Mat.  5 
12 



...... 

14.08 
13.89 

19 

13.43 

20 

End. 

13.79 

Apr.  2 

0 

10 

15.26 

... 

15.85 
15.84 
16.00 
14.19 
15.04 
15.07 
14.64 
13.99 
13.81 
13.83 
12.97 

14.42 
12.03 
12.95 
12.73 
11.93 
12.11 
12.21 
11.24 
11.68 
End. 

12.80 
12.62 

2J 

12.95 

30 

11.07 

May  7 
14 

::::::  ::::: 

13.47 

12.72 

21 

12  82 

28 

12.53 

12.14 

11 

12.29 

18 

11.38 

2.> 

11.25 

July  2 
9 

11.44 

12.32 

10 

11.87 

23 

'^ 

... 

11.46 

30 

11.92 

Aug.fl 

11..''7 

i:i 

11..52 

20 

11.54 

27 

11.91 

S-pt.3 
lU 

10.84 

10.81 

17 

11.16 

'1\ 

12.60 

Oct.  1 

12.04 

8 

12.70 

15 

11.89 

1 

I' 

1 

Note. — In  the  "staiTcd"  percontas"  on  y.  pine  "M,"  the  cut  was  made  1  foot  from  previona  cno  on 
account  of  knot.  Ph^co.s  "  jf  "  auj  •'  O ''  have  10  feot  yec  to  bo  cut.  The  diagraTU.s  woro  made  ou  pcr- 
ceulaj.res  up  to  Oct  b«r29,  18->8. 

CONCLUSION. 


Out  tloor  seasouiug  depends  a  great  deal  ou  the  character  of  the 
weather  during  the  year,  that  is,  as  to  an  early  or  late  spring  or'fall, 
hot  or  cold  summer  months,  or  severe  winter,  etc.,  but  during  the  ex- , 
perimeuts  it  may  be  considered  to  have  been  average  Illinois  weather. 

The  result  of  this  series  of  experiments  shows  that  the  month  during 
which  the  seasoning  begins  varies  with  the  kind  of  wood. 

(1)  That  for  oak  the  seasoning  commences  in  March  or  April ;  with 
l)ine  the  exact  month  can  not  be  decided,  as  they  were  not  phaced  under 
observation  until  late  (April),  but  all  test  pieces  showed  a  loss  of  moist- 
ure within  a  fortnight  after  being  exposed. 

Ash  and  white-wood  commenced  to  lose  moisture  in  April,  and  elm 
immediately  on  being  exposed  in  Jan«ary. 

No  law  can  be  deduced  from  the  oxporiments  as  to  the  exact  time 
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that  seasoning  cuds,  as  the  woods  all  vary,  but  as  a  general  rule  it  may 
be  stated  that  in  all  woods  (except  perhaps  elm)  seasoning  virtually 
ends  with  the  end  of  the  sunuuer  months. 

(2)  All  woods  take  up  moisture  in  slight  amounts  during  wet  weather 
of  the  fall  and  winter  months. 

(3)  Piue  of  small  dimensions  (such  as  1  inch  flooring  "  ^l  ")  will  ab- 
sorb moisture  during  the  wet  months.  Otlici'  wooJs  of  small  dimensions 
were  not  experimented  with. 

(4)  As  shown  by  these  experiments  one  season  of  average  weather 
is  generally  sufficient  to  season  woods  for  purposes  of  construction. 

Yours  truly, 

G.  n.  Ellis, 

Chemist. 
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THE  RELATION  OF  RAILWAYS  TO  THE  TIMBER  RESOURCES 
OF  THE  UNITED  STATES. 


By  E.  E.  Russell  Tratjiax,  C.  E. 
it^Eeadtefore  the  American  Forestry  Congress,  at  Atlanta,  Ga.,  December  8,  1888.) 

The  report  of  the  Commissioner  of  Agriculture  for  1887,  recently 
published,  contains  an  interesting  but  brief  report  from  the  Chief  of 
the  Forestry  Division,  and  this  report  refers  to  the  Government  inter- 
est in  the  development  and  maintenance  of  the  forests ;  a  matter  which 
is  of  far  greater  importance  than  is  generally  understood,  and  which  is 
■especiallj^  important  on  account  of  the  rapid  destruction  of  forests 
through  the  legitimate  demand  for  timber,  through  reckless  use,  and 
through  wasteful  practices  of  burning,  herding,  etc.,  while  very  little 
giractical  attention  is  paid  to  the  question  of  forest  planting  or  reforest- 
ing, although  the  forest  under  proper  management  is  capable  of  fur- 
mishiug  continuous  crops.  The  question  considered  is,  "  What  is  the 
first  duty  of  the  General  Government  in  regard  to  the  forestry  ques- 
tion?" It  is  stated  that  the  natural  forests  are  being  rapidly  reduced 
l)y  an  increased  demand  for  timber  and  hj  reckless  use  and  wanton 
destruction,  and  that  the  annual  consumption  of  wood  and  wood  prod- 
ucts is  at  least  double  the  amount  reproduced  oii  our  present  forest  area. 
The  national  interest  in  this  question  is  shown  from  four  points  of  view : 
(I)  Because  the  forests  properly  managed  would  be  the  source  of  a 
eonstant  supply  of  timber ;  (2)  because  a  sound  land  policy  demands 
attention  to  forest  management  to  prevent  the  deterioration  of  forests 
And  forest  lands ;  (3)  because  a  rational  forest  policy  demands  atten- 
tion to  the  disturbance  of  the  distribution  of  water  flow  by  forest  devas- 
tation and  by  the  denudation  of  mountains  and  hills ;  and  (4)  because 
forest  planting  is  a  means  of  amijliorating  climatic  conditions  and  mak- 
ing certain  regions  more  habitable. 

Other  nations  have  recognized  the  importance  of  the  forestry  prob- 
lem and  have  the  matter  under  State  administration ;  for  private  in- 
terest is  not  sufficient  to  protect  the  forest  property,  since  to  the  indi- 
vidual it  is  the  existing  timber  alone  that  is  valuable,  and  he  has  no 
care  for  any  but  pecuniary  considerations.  Consequently  the  State 
must  undertake  the  management  and  protection  of  the  forests. 
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The  General  Goverumentof  the  United  States  owns  about  50,000,000 
to  70,000,000  acres  of  forest  area,  principally  in  the  far  West  and  on 
the  Pacific  ranges,  and  mostly  on  land  not  fit  for  agricultural  purposes^ 
The  water  supplies  for  the  valleys  and  the  agricultural  areas  of  these 
regions  are  regulated  and  influenced  to  a  great  extent  by  the  forests^ 
and  it  is  therefore  obvious  that  the  matter  of  preservation  and  protec- 
tion of  the  forests  is  one  of  importance  to  the  national  prosperity  ^ 
whereas,  in  fact,  the  timber  is  recklessly  used  and  wasted,  while  the 
attempts  to  prevent  the  waste  are  practically  ineftectual.  A  bill  to 
protect  the  Government  forests  has,  however,  been  submitted  to  Con- 
gress. The  report  referred  to  shows  very  forcibly  the  need  of  legisla- 
tion in  this  direction,  and  of  proper  management  to  regulate  the  cutting, 
to  attend  to  the  maintenance  and  protection,  and  to  undertake  the 
planting  of  new  forests  to  furnish  a  future  supply  of  timber. 

Of  course  these  remarks  apply  to  the  consumption  in  total,  but  the 
railways  are  responsible  to  a  considerable  extent,  both  on  account  of 
the  immense  amount  legitimately  consumed  for  tie87  bridges,-trestles, 
buildings,  etc.,  and  on  account  of  their  waste  and  the  amount  improp- 
erly acquired.    The  report  states  as  follows  : 

Every  laud-graut  railway,  in  addition  to  its  sliare  of  the  land  grant  of  75,000,000 
acres  and  the  light  of  way,  is  permitted  to  cut  timber  "for  first  construction,  adja- 
cent to  the  line  of  its  road."  But  the  railways  do  not  consider  "construction"  and 
"  adjacent"  exactly  in  the  sense  in  which  the  lawgivers  did,  and  they  have  cut 
wherever,  whenever,  and  for  what  purpose  they  chose. 

Eailway  men  as  a  rule  do  not  give  much  attention  to  the  sources  of 
supply  for  ties, but,  with  others,  believe  blindly  in  "inexhaustible"  for- 
ests, or  if  they  do  look  forward  at  all  to  a  diminished  supplj'^,  they 
usually  consider  it  as  too  far  in  the  future  to  require  any  special  attea 
tion  now.  In  point  of  fact,  however,  this  is  even  now  a  verj-  imi^ortant 
matter,  which  becomes  more  serious  every  year.  Forests,  although  they 
can  be  made  to  furnish  regular  annual  crops,  can  not  bo  grown  in  a  year, 
and  while  present  resources  are  being  recklessly  drawn  upon,  few  step* 
are  being  taken  to  provide  future  resources. 

There  are  four  ways  in  which  the  railways  may  help  to  economize 
the  present  supply :  (1)  By  taking  more  care  in  the  selection,  cutting, 
and  storing  of  timber;  (2)  by  the  more  general  use  of  iron,  steel,  stone, 
brick,  concrete,  etc.,  for  bridges,  trestles,  buildings,  and  other  construe 
tion  works;  (3)  by  the  introduction  of  some  efficient  and  economical 
preservative  process ;  and  (4)  by  the  introduction  ot  metal  cross-ties. 
These  four  methods  ot  economizing  will  be  considered  separately. 

1.  By  talcing  more  care  in  the  selection,  cuttimj,  and  storing  of  timber. — 
Sufficient  investigation  has  not  been  made  of  the  availability  of  dif- 
ferent kinds  of  timber  for  railway  work.  For  instance,  there  are  prob- 
ably other  kinds  ot  timber  besides  those  now  used  which  are  suitable 
for  ties,  and,  in  fact,  a  circular  was  issued  some  months  ago  by  the  For- 
estry Division*  showing  the  advantages  of  the  hitherto  unused  chestnut 

*See  Circular  ou  p.  52. 
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oak,  a  species  of  timber  of  whieli  the  bark  was  used,  but  the  wood  itself 
left  to  rot,  its  value  for  jailway  lies  not  being  known  or  appreciated. 
As  a  result  of  this  circular,  large  numbers  of  ties  have  now  been  made 
from  this  wood.  Certain  specitications  for  ties  which  have  been  pub- 
lished name  only  the  following  varieties : 

Oaks  of  the  various  kiuds,  kuown  as  "white,"  "black,"  "yellow,"  "rock,"  "bun," 
iuul  "post"  (DO  rrtl  oak  -will  bo  receivefl),  second-growth  white  cheetuut,  red  beech, 
red  elji),  cherry,  maple,  butteruiit,  tamarack,  and  yellow  pine  of  the  long-leaved, 
southern  liard  j)iue  variety,  cut  from  untapped  trees  and  grown  no(  north  of  Sonth 
Carolina.     Hemlock  may  be  accepted,  bat  only  under  special  contracts. 

But  it  has  been  suggested  that  red  oak,  black  locust,  and  w  hite  and  red 
cedar  might  be  added,  and  probably  others,  besides  the  chestnut  oak 
iilready  referred  to.  This  ]>art  of  the  question  is  important  also  in  con- 
nection with  the  third  part,  as  the  use  of  ])reservatives  may  enable 
other  kinds  of  timber  to  be  used.  It  is  sometimes  specified  that  there 
is  to  be  no  sap-wood  on  the  face  of  the  ties,  which  excludes  all  ties  cut 
from  such  trees  as  give  only  one  tie,  often  the  best.  With  regard  to  cut- 
ting, although  over  this  the  railway  has  often  no  control,  except  in  the 
case  of  new  roads  through  timber  country,  there  is  undoubtedly  much 
timber  wasted  in  high  stumps  and  by  careless  felling,  etc.,  which  with 
a  little  care  might  have  been  available  for  ties  or  lumber.  In  storing, 
the  ties  are  often  stacked  up  in  close  piles,  without  any  air-spaces  be- 
tween adjacent  ties,  and  left  till  wanted,  by  which  time  many  will  prob- 
ably be  found,  especially  at  the  bottom  of  the  pile,  to  be  rotten  and 
useless.  If  they  were  thrown  into  a  pond  or  brook,  of  course  under 
proper  supervision,  their  life  when  put  in  the  track  would  be  longer 
than  if  they  had  been  stacked.  Bridge  timbers  and  other  lumber  should 
also  be  properly  cared  for  in  storage. 

2.  The  more  general  use  of  iron,  steel,  stone,  brick,  concrete,  etc.,  for 
bridges,  trestles,  buildings,  and  other  construction  works. — On  this  point 
much  need  not  be  said.  Iron  and  steel  are  becoming  more  and  more 
generally  used  for  bridges  and  trestles,  and  many  large  and  some  small 
stations  are  now  built  of  masonry.  There  is,  however,  room  for  very 
nindi  greater  economy  yet  to  bo  jiracticed  in  the  use  of  timber  for  rail 
way  structures,  and  it  will  be  practiced  more  as  companies  grasp  the 
idea  that  a  heavy  outlay  in  the  first  place  is  often  economical.  This,  of 
course,  applies  only  where  the  heavy  first  cost  can  be  aftbrded  ;  but  it 
applies  extensively  to  wealthy  corporations,  which  continue  to  spend 
money  and  use  timber  in  building  and  repairing  timber  trestles,  sheds, 
wharves,  etc.,  instead  of  laying  out  a  good  round  sum  on  permanent 
works.    In  this  respect  much  might  be  learned  from  European  practice. 

3.  The  introduciion  of  some  efficient  and  economical  preservative  pro,- 
ess — Numerous  preservative  processes  have  been  experimented  with 
and  large  quantities  of  preserved  ties,  piles,  and  lumber  used  :  but  con- 
t-idering  the  enormous  quantity  of  timber  in  use  on  the  railways  of  this 
country,  the  step  towards  economy  in  this  direction  is  a  very  insignifi- 
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cant  one.  The  troable  is  to  find  a  good  process  and  to  get  it  thoroughly 
carried  out.  Different  species  of  timber  aud  different  pieces  of  the  same 
timber  absorb  different  quantities  of  the  preservative,  thus  producing 
an  undesirable  want  of  uniformity.  This  is  specially  troublesome  in  the 
case  of  ties,  some  ties  lasting  for  years  and  others  having  to  be  replaced 
in  a  short  time,  which  means  considerable  expense  for  maintenance 
of  the  track.  In  England,  where  the  creosoting  process  is  generally 
adopted  for  ties,  some  railway  companies  have  their  own  plant  and 
creosote  their  own  ties,  sometimes  also  sawing  their  own  ties  from  logs 
delivered  by  contract.  Some  of  these  plants  were  described  in  my 
paper  on  "English  Eailway  Track,"  read  at  the  annual  convention  of 
the  American  Society  of  Civil  Engineers  at  Milwaukee,  Wis.,  in  June, 
1888.  Too  little  practical  attention  has  been  given  to  this  question, 
though  it  seems  as  if  some  slow  progress  was  being  made.  Creosoting 
is  very  generally  used  in  England  aud  is  very  successful,  but  the  kind 
of  creosote  used  is  more  expensive  in  this  country.  Some  very  valua- 
ble aud  useful  information  on  this  subject  is  contained  in  the  report  of 
the  committee  on  the  preservation  of  timber,  American  Society  of  Civil 
Engineers,  June,  1885,  and  in  Bulletin  ifo.  1  of  the  Forestry  Division 
for  1887. 

4.  By  the  introduction  of  metal  cross  ties. — This  subject,  one  of  the 
most  important  in  railway  matters,  from  the  point  of  view  of  the  econ- 
omy and  efficiency  of  the  track  for  operation  and  maintenance  as  well 
as  from  that  of  economy  in  timber,  is  not  given  much  practical  atten- 
tion in  this  country.  Comparatively  little  is  known  in  detail  of  what 
has  been  done  and  is  being  done  in  other  parts  of  the  world,  though  it 
is  usually  understood  that  quite  a  number  of  experiments  have  been 
made  in  foreign  countries.  Experiments  certainly  have  been  made  and 
are  still  being  made,  but  the  matter,  on  the  whole,  is  beyond  the  experi- 
mental stage,  and  metal  ties  have  been  regularly  adopted  on  hundreds 
of  miles  of  track,  with  most  satisfactory  results.  The  reason  why  the 
matter  has  been  so  neglected  in  this  country,  may  probably  be  found  in 
the  undeniable  cheapness  of  so  many  of  our  railways ;  the  fact  being 
frequently  overlooked  that  cheapness  is  expensive,  and  that  what  is 
saved  in  construction  is  paid  out  over  and  over  again  in  maintenance 
and  expenses.  By  this  it  is  not  meant  to  suggest  that  every  road 
should  at  once  put  down  metal  ties,  because  there  are  many  cases  in 
which  this  would  be  inexpedient  if  not  impracticable,  since  many  West- 
ern roads  must  of  necessity  be  built  at  as  low  a  rate  of  first  cost  as  pos- 
sible ;  aud  as  the  construction  of  these  roads  (I  refer  here  only  to  legiti- 
mate enterprises)  is  absolutely  necessary  for  the  development  of  cer- 
tain districts,  for  the  benefit  of  those  districts,  and  incidentally  for  the 
benefit  of  the  couutry  at  large,  there  are  cases  in  which,  for  the  present 
at  least,  wooden  ties  may  be  used  and  their  use  put  under  the  head  of 
"  legitimate  consumption."  But  there  are  other  classes  of  railways : 
there  are  the  roads  which,  having  been  cheaply  built  in  the  first  place, 
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have  built  up  the  district  they  serve  and  are  being  improved  to  meet 
the  requireuieuts  of  increased  traffic — on  many  of  these  roads  metal 
ties  might  be  laid  to  adv.intage  ;  then  there  are  the  wealthy  trunk  lines, 
which  instead  of  consuming  great  quantities  of  wooden  ties  every  year 
for  maintenance  and  renewals,  should  gradually  introduce  metal  ties 
on  their  tracks ;  and  finally  there  are  the  new  roads  in  busy  parts  of 
the  country,  which  are  built  in  a  iirstclass  manner  to  accommodate  a 
heavy  traffic  from  the  beginning— these  lines  should  be  laid  with  a  metal 
track  in  the  first  place. 

In  these  four  ways  the  railway  systems  of  the  country'  might  aid 
greatly  in  economizing  the  present  supply  of  timber,  but,  in  addition, 
they  might  help  to  restore  the  forests  by  establishing  plantations  and 
encouraging  forestry.  This  has  been  done  to  a  small  extent,  but  the 
length  of  time  necessary  for  the  growth  of  a  "  crop"  is  ahinderance  to 
any  movement  of  this  kind.  In  Pennsylvania,  railwajs  already  have 
to  go  outside  the  State  for  their  oak  ties,  and  the  mining  industries  in 
the  once  heavily  timbered  coal  regions  of  the  same  State  have  to  imi)ort 
the  props,  etc.,  for  the  workings.  In  Europe,  steel  is  coming  into  ex- 
tensive use  for  mines,  both  for  x)rops  and  beams,  and  for  ties. 

Some  idea  of  the  consumption  of  timber  by  railways  may  be  gathered 
from  the  following  particulars,  which  are  abstracted  from  a  Keport  on 
the  Forest  Condition  of  the  Rocky  Mountains  (Department  of  Agricult- 
ure, Forestry  Division,  Bulletin  ISio,  2),  by  Col.  E.  T.  Ensign,  forest 
commissioner  of  Colorado : 

Union  Pacific  Raihcay. — During  1886  there  were  used  iu  Idalio,  Montana,  Wyoming, 
and  Colorado,  680,827  ties  and  8,450,969  square  feet  of  dimension  timber. 

Denver  and  Rio  Grande  Eailway. — The  following  native  timber  was  used  in  Colorado 
and  New  Mexico  in  1886 :  60,000  broad-gauge  ties,  740,000  narrow-gauge  ties,  3,000,000 
feet,  B.  M.,  of  dimension  lumber.  The  approximate  amount  of  timber  required  for  an- 
nual renewals  and  repairs  was  1,023,376  ties,  and  5,625,000  feet,  B.  M.,  of  sawed  timber. 

Colorado  Midland  Eailway. — The  number  of  ties  for  the  construction  of  250  miles  of 
main  track  and  the  sidings,  was  estimated  at  900,000,  and  the  number  of  feet  of  tim- 
ber for  Abridges  and  other  construction  work  at  between  6,000,000  and  7,000,000. 

Atlantic  and  Pacific  Railway. — During  1885  the  consumption  of  native  pine  was 
937,240  feet  in  New  Mexico,  and  2,028,959  feet,  B.  M.,  in  Arizona.  In  1886,  47,456  ties 
of  native  piuo  and  298,755  feet  of  native  pine  dimension  lumber  were  used  in  New 
Mexico. 

Another  form  of  timber  destruction,  and  one  for  which  the  railways 
are  largely  responsible,  is  that  of  fires  ;  on  many  lines  through  tracts 
of  timber  there  is  abundant  evidence  of  this  fact  in  strips  of  charred 
stumi)s  and  logs  along  the  track,  sometimes  spreading  off  into  large 
patches.  The  spark  arresters  on  many  locomotives,  especiallj^  on  lines 
of  minor  importance,  are  very  inefficient,  and  on  some  little  lines  in 
^ew  England  over  which  I  have  traveled,  the  wood-burning  engines, 
although  fitted  with  spark  arresters,  throw  out  continuous  showers  of 
sparks.  Some  interesting  notes  in  respect  to  forest  fires  may  be  gath- 
ered from  the  reviews  of  the  forestry  interest  in  each  State  and  Terri- 
tory— given  in  tbe  annual  report  of  the  Division  of  Forestry  for  1887, 
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by  Mr.  B.  E.  Fernow,  Chief  of  tbe  Division,  which  report,  as  well  as 
other  publications  of  the  Division,  I  recommend  for  perusal  to  all  per- 
sons interested  in  this  important  question  of  our  timber  supplies.  In 
most  cases  there  are  laws  and  penalties  relating  to  starting  firec,  etc., 
but  the  laws  seem  generally  to  bo  a  dead  letter ;  the}'  are  rarely  en- 
forced, and  consequently'^  little  heed  is  paid  to  them.  In  New  Jersey, 
the  loss  from  fires  for  the  last  fifteen  or  twenty  years  is  said  to  have 
averaged,  on  a  low  estimate,  $1,000,000  a  year,  an  amount  which  would 
nearly  pay  the  entire  taxes  of  the  State.  In  Maryland,  the  loss  by  fires, 
"  largely  from  locomotives,"  is  estimated  at  between  $30,000  and  $40,000 
a  year.  The  total  losses  by  fire  form  in  the  aggregate  an  enormous 
amount  of  timber,  representing  a  wicked  waste  of  material,  and  conse- 
quently of  money.  On  the  other  hand,  the  steps  taken  towards  plant- 
ing are  few  and  insignificant,  being  almost  invariably  on  a  very  small 
scale. 

Street  railways,  too,  consume  a  great  amount  of  timber,  and  it  is 
probable  that  the  ties,  from  their  being  covered  up  but  not  protected 
from  moisture,  have  a  short  life  compared  with  that  of  ordinary  railway 
ties.  When  we  reach  that  station  of  progress  when  we  shall  begin  to 
follow  the  European  precedent  of  building  city  railways  of  iron  and 
concrete,  we  shall  materially  reduce  one  item  of  consumption  of  timber. 
But  proper  street  construction  must  come  before,  or  at  least  with,  proper 
street  railway  construction. 

In  conclusion,  the  close  relations  of  railways  to  the  timber  supply 
of  the  country  have,  I  think,  been  clearlj^  outlined  in  this  paper,  and 
I  sincerely  hope  that  at  no  distant  time  the  railways  will,  in  effect,  co- 
operate with  the  Government  in  the  conservation  and  protection  of  the 
timber  resources,  w^hile  at  the  same  time  they  greatly  improve  the  effi- 
ciency and  value  of  their  own  works. 
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Forestry  Division,  Department  of  Agriculture, 

Washington^  D.  C,  March  10,  1890. 
Sir  :  I  have  the  honor  herewith  to  submit  a  report  on  the  use  of 
metal  as  a  substitute  for  wood  in  railroad  ties,  together  with  a  brief 
discussion  of  other  practicable  economies  in  the  use  of  wood  material, 
this  report  being  a  sequel  to  Bulletins  1  and  3  of  the  Forestry  Division, 
and  forming  a  part  of  a  continued  investigation  into  the  relation  of 
railroads  to  forest  supplies. 
Respectfully, 

B,  E.  Fernow, 
Chief  of  Forestry  Division. 
Hon.  J.  M.  EusK, 

Secretary. 
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INTRODUCTORY. 


It  may  seem  superfluous  to  justify  the  publication  by  tbis  Depart- 
meut  of  auy  new  and  useful  information  that  has,  directly  or  indi- 
rectly, a  bearing  upon  the  cultural  conditions  of  the  country ;  yet, 
since  it  might  be  questioned  whether  the  investigations  which  form  the 
l)rincipal  subject  matter  of  this  report  were  germane  to  the  work  of  the 
Forestry  Division,  a  few  words  to  establish  this  relation  will  not  be 
considered  out  of  place. 

The  value  of  the  report  on  metal  ties,  as  a  compilation  of  hitherto 
unpublished  and  inaccessible  or  scattered  information,  will  be  self-evi- 
dent and  needs  no  argument  to  the  engineer,  for  whose  direct  use  and 
benefit  it  has  been  collated  ;  but  the  indirect  value  to  the  country  at 
large,  and  to  the  forestry  interests  especially,  can  only  be  realized  by 
contemplating  what  eiiect  the  application  of  the  information  here  pre- 
sented may  have  upon  our  forest  supplies. 

Previous  investigations  by  this  division,  notably  those  published  in 
Bulletin  I,  1887,  have  shown  that  the  railroads  of  our  country  not  only 
use  a  very  large  amount  of  forest  supplies  in  their  construction — prob- 
ably not  less  than  20  per  cent,  of  the  total  consumption  of  timber — but 
the  material  represented  in  this  consumption  is  largely  drawn  from  the 
thrifty  young  growth,  the  promise  of  the  future,  and  thus  the  timber 
crop  is  utilized  before  it  has  reached  the  most  profitable  age  and  largest 
production  per  acre.  More  than  that,  the  most  durable  and  valuable 
timbers  only  are  desired  for  this  use,  and,  consequently,  the  forest 
areas  which  are  culled  of  these  valuable  kinds  must  necessarily  deterio- 
rate in  quality  as  regards  their  composition,  the  inferior  kinds  being 
left  to  dominate  and  exclude  the  more  valuable  kinds,  which  are  placed 
at  disadvantage  by  the  unintelligent  action  of  man  in  this  culling 
process. 

How  much  this  is  the  case  becomes  apparent  when  we  learn  from  re- 
liable investigations  that  in  the  forests  of  Kentucky,  where  white  oak 
represents  40  per  cent  of  the  natural  growth,  after  it  has  been  culled — 
mostly  for  railroatl  purposes — the  new  growth  contains  not  more  than 
5  per  cent,  of  this  most  valuable  railroad  timber. 

The  bulk  of  tie  material  is  now  largely  cut  from  second  growth,  es- 
pecially in  the  Eastern  States,  and  young  timber,  from  trees  that  will 
make  only  one  tie,  or  at  least  only  one  tie  from  a  cut,  is  called  for  by  most 
specifications  for  ties. 
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This  rapid  aud  careless  consumption  of  the  best  parts  of  the  second 
growth  can,  of  course,  only  be  hurtful  to  the  forestry  interests  of  the 
future ;  we  draw  in  this  way  upon  the  fund  which  we  should  hold  in 
trust  and  allow  to  accumulate  for  the  use  of  the  next  generation  j 
worse,  we  do  all  we  can  to  deteriorate  the  value  of  the  investment  by 
injuring  its  quality. 

It  has  been  shown  repeatedly,  all  assertions  to  the  contrary  notwith- 
standing, that  our  annual  consumption  of  wood  products  at  present 
exceeds  double  the  amount  of  wood  material  that  can  possibly  repro- 
duce itselt  annually  on  the  area  covered  with  wood  growth.  It  is,  there- 
fore, of  national  interest  and  within  the  line  of  work  of  this  Division  to 
call  attention  to  the  necessity  of  husbanding  timber  supplies,  and  to 
furnish  all  and  any  information  that  may  lead  to  a  more  economical  use 
of  these  supplies  or  a  substitution  of  other  material  where  this  is  prac- 
ticable. While  such  economy  is  desirable  in  all  directions,  it  is  espe- 
cially so  in  regard  to  tie-timber,  since,  as  has  been  stated,  for  this  purpose 
the  young promisingcrop of  the  future  is  utilized  prematurely — and  that 
of  the  best  quality  and  of  the  most  valuable  timbers.  Furthermore,  it 
should  be  known  that  for  those  who  furnish  these  supplies  for  the  rail- 
road companies  there  is  but  small,  if  any,  profit  in  the  trade.  The  ties  are 
in  most  cases  brought  to  the  railroads  by  holders  of  small  wood  lots,  and 
the  price  paid  is  hardly  more  than  fair  compensation  for  labor  in  making 
and  hauling  the  ties,  no  value  being  placed  upon  the  material  itself. 
The  substitution  of  metal  for  wood — even  if  this  were  eifected  readily 
and  without  delay — would  therefore  not  result,  as  may  be  anticipated  by 
some,  in  a  loss  to  the  owner  of  woodlands.  He  will  only  be  prevented 
from  killing  the  calf,  as  it  were,  before  it  is  full-grown,  while  it  has  lit- 
tle or  no  value,  and  he  is  paid  only  for  the  slaughtering  j  in  the  end  his 
crop,  by  being  utilized  later,  will  yield  him  proportionately  more  in 
quantity  and  value. 

It  has  been  suggested  that  railroads  could  be  induced  to  substitute 
metal  for  wood  only  when  it  could  be  shown  that  an  increase  in  the 
price  of  wooden  ties  is  imminent.  As  will  appear  from  an  investigation 
recorded  in  this  report,  enabling  us  to  compare  conditions  of  the  pres- 
ent tie  market  with  those  existing  seven  years  ago,  the  price  paid  for 
ties  in  many  localities  is  now  even  lower  than  it  was  formerly,  notably 
in  the  northeastern  States.  Yet  it  would  be  a  mistake  to  argue  from 
this,  as  a  general  proposition,  that  more  timber  is  in  the  country  than 
before,  that  forest  supplies  are  in  excess  of  demand,  and  that  prices  are 
going  to  decrease  continuously. 

The  law  of  supply  and  demand  as  affecting  the  price  of  this  com- 
modity is  vitiated  considerably  by  other  conditions  which  influence  the 
price.  It  is  the  excessive  offer  compared  with  the  requirements,  rather 
than  excess  of  actual  visible  supplies  available  for  the  long  run,  that 
places  the  purchaser  of  this  commodity  in  position  to  dictate  the  price, 
the  offer  coming  from  many  holders  of  small  parcels,  who  have  no 


knowledge  of  general  market  conditions,  and  hence  can  not  take  ad- 
vantage of  a  comparison  between  actual  supplies  in  view  and  demand 
for  the  present  and  future  in  adjusting  the  price.  The  present  tempo- 
rary oversupply  with  low  prices  may  be  foUowed  by  a  long-continued 
short  supply  and  higher  prices  without  any  preconceived  action  on  the 
part  of  those  who  market  the  supplies. 

A  timber  crop,  unlike  an  agricultural  crop,  is  capable  of  being  har- 
vested at  various  stages  of  development.  Timber  fit  for  ties  may  be 
cut  at  any  time,  from  the  twenty-year-old  sprout  of  the  coppice  to  the 
old  growth  of  the  virgin  forest,  and  the  offer  of  the  crop  in  this  shape 
may  be  excessive  at  any  time  without  necessarily  indicating  an  over- 
abundance of  forest  supplies  in  general  and  for  the  long  run.  The  acci- 
dental simultaneous  arrival  at  an  age  when  the  timber  is  fit  for  ties  of 
a  new  growth  over  a  large  area  may  also  in  a  given  region  make  sup- 
plies appear  plentiful  if  offered  in  that  shape,  and  therefore  for  a  time 
reduce  the  price ;  but  this  present  oversupply  and  reduction  of  price 
must  necessarily  be  at  the  expense  of  a  future  short  supply  and  increase 
of  price.  Another  reason  for  an  apparent  oversupply  of  tie  timber 
may  be  found  in  the  opening  up  of  new  sources  of  supply  on  such 
roads  as  are  capable  of  extension,  while  the  old  roads,  with  no  new  fields, 
to  enter,  will  necessarily  experience  a  constant  advance  in  prices  with 
decreased  offers,  and  will  be  the  first  to  have  recourse  to  metal  on  ac- 
count of  cheapness.  These  conditions  are  apparent  from  the  replies  re- 
ceived from  various  railroad  managements,  as  recorded  in  the  notes 
found  in  this  report. 

It  should  also  be  known  that,  within  limits,  a  railroad  management 
has  it  in  its  power — and  this  power  is  being  used — to  keep  the  price 
low  by  raising  freight  rates,  so  as  to  make  the  exportation  of  tie  timber 
from  its  territory  unprofitable.  The  condition  of  the  tie  market,  then, 
can  not  be  the  only,  or  even  the  main,  criterion  as  to  when  the  time  for 
substituting  metal  has  arrived,  even  from  a  financial  point  of  view. 

But  it  is  not  a  consideration  of  initial  cost  that  makes  the  substitu- 
tion of  metal  ties  desirable  and  profitable.  It  is  superiority  of  track, 
permanence  of  road-bed,  safety,  reduced  cost  of  maintenance,  and  hence 
ultimate  saving  and  economy,  that  recommend  the  metal  tie,  as  will  be 
seen  from  a  study  of  the  experiences  in  foreign  countries  here  presented. 
It  will  be  a  matter  of  astonishment  to  our  railroad  engineers  to  find 
that  almost  30,000  miles  of  railroad  track  lies  on  metal  ties,  which 
means  over  15  per  cent,  of  the  railroad  milea-ge  of  the  world  outside  of 
the  United  states  and  (^anada.  The  claim,  then,  that  metal  ties  are  an 
experiment  and  their  general  adoption  premature  for  lack  of  experi- 
ence, will  have  to  be  abandoned,  as  based  simply  on  ignorance  in 
regard  to  the  real  state  of  affairs. 

The  report,  being  primarily  intended  for  the  information  of  railway 
managers  and  engineers  for  the  purpose  of  interesting  them  more  di- 
rectly in  the  introduction  of  a  substitute  for  wood,  is  necessarily'  of  a 
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techuical  character ;  it  is  full  of  such  details  as  alone  can  influence  the 
judgment  of  the  engineer.  The  laborious  task  which  Mr.  Tratman, 
without  any  adequate  compensation,  has  performed  in  compiling  the 
experience  of  the  world  in  regard  to  this  subject  will,  no  doubt,  be  ap- 
preciated and  the  details  welcomed  by  those  most  nearly  concerned 
in  it. 

The  general  public  will  be  interested  only  in  the  ultimate  result, 
which  bids  fair  to  advance  the  use  of  more  permanent  types  of  railroad 
construction  in  the  United  States,  insuring  greater  safety  and  speed  of 
railroad  travel. 

The  forestry  interests  of  the  country  will  be  subserved  by  this  report 
in  a  practical  manner  by  spreading  this  information,  which  must  lead 
to  a  reduction  of  the  premature  and  illegitimate  drain  u|)on  the  forest 
resources  of  the  future. 

Perhaps  an  apology  is  due  to  the  reader  for  the  bulkiness  of  this  re- 
port, which  might  possibly  hav^e  been  compressed  into  more  compact 
form.  The  desire  to  make  public  as  soon  as  possible  the  results  of  the 
investigation,  and  the  fact  that  Mr.  Tratman,  leaving  for  Europe,  could 
not  devote  more  time  to  the  literary  form,  must  stand  as  an  excuse  for 
the  deficiencies  in  that  direction,  which  a  carefully  prepared  index  will 
also  tend  to  alleviate. 

That  besides  the  adoption  of  metal  ties  there  are  other  ways  open  to 
railroad  managers  for  effecting  desirable  economies  in  the  use  of  wood 
supplies  has  been  pointed  out  at  length  in  former  publications  of  this 
division,  and  is  again  discussed  more  briefly  in  the  present  publication 
in  connection  with  a  canvass  recently  made  in  regard  to  consumption 
of  timber  supplies  by  railroads. 

A  curious  lack  of  proper  financial  calculation  has  been  noticeable  in 
th'i  writings  of  engineers  when  discussing  the  profitableness  and  mak- 
ing comparisons  of  the  relative  value  on  the  balance  sheet  of  various 
systems  of  construction.  A  railroad  company  that  is  bound  by  neces- 
sity to  consider  only  the  initial  cost  can,  to  be  sure,  always  settle  at  once 
all  financial  questions  by  the  limit  of  cash  in  hand ;  but  few  corpora- 
tions are  in  such  straitened  circumstances,  and  the  question  constantly 
arises  whether  the  temporary  saving  in  initial  cost  is  preferable  to  a 
greater  initial  expenditure  which  insures — either  or  both — decreased 
expenditure  for  maintenance  and  deferred  expenditure  for  renewal. 

This  question  is  capable  of  solution  by  simple  mathematical  calcula- 
tion, as  will  be  shown  further  on  in  this  report. 

From  such  calculation  it  will  appear,  for  instance,  that  a  road  using 
ties  for  which  it  pays  -"^O  cents  and  which  last  eight  years — like  white 
oak,  in  many  sections — can  afl'ord  to  pay  $1.20  for  a  metal  tie  lasting 
thirty  years  (the  presumed  life  of  such  ties)  and  be  sure  of  saving  at 
least  the  amount  required  for  the  renewals  of  the  oak  ties  during  thirty 
years;  or,  by  doubling  the  life  of  the  oak  tie  to  sixteen  years  by  means 
of  preservative  processes,  we  may  pay  35  cents  for  such  process  and 
would  still  find  an  advantage  on  the  balanee  sheet. 


11 

In  conclusion.  I  may  express  the  hope  that  the  information  here  pre- 
sented will  not  only  be  found  of  value  and  be  welcome  to  railroad  man- 
agers and  engineers,  but  that  its  presentation  from  this  office  will  bring 
them  to  a  realization  of  their  duty,  as  an  intelligent  and  influential  class 
of  a  great  community  with  a  future  before  it,  to  give  thoughtful  atten- 
tion to  the  subject  of  forestry  in  general  as  one  of  the  necessary  econo- 
mies in  a  modern  civilized  state. 

Railroads,  while  the  carriers  of  civilization,  the  promoters  of  develop- 
ment, have  committed  many  sins  for  the  benefit  of  the  present  at  the 
expense  of  the  future  by  needless  forest  devastation.  Being  institutions 
of  a  permanent  character,  it  would  seem  that  their  managers  ought  to  be 
interested  in  anything  that  pertains  to  judicious  use  of  natural  resources 
and  to  favorable  cultural  conditions,  at  least  within  the  territory  which 
their  roads  traverse.  While  with  their  large  consumption  of  wood 
material  they  are  directly  concerned  in  the  continuity  of  forest  supplies, 
they  must  also  be  indirectly  concerned  in  the  prosperous  development 
of  their  territory,  and  that  proper  use  and  recuperation  of  forest  re- 
sources, proper  disposition  of  forest  and  field  areTis  are  essential  to 
continual  development  of  prosperity  should  be  recognized  by  them,  and 
their  influence  to  secure  both  should  be  brought  to  bear  even  were  it 
only  for  their  own  selfish  interest. 

B.  E.  Fernow. 


Note  Explanatory  to  Eeprint.— The  opportunity  has  been  taken 
by  Mr.  Trattuau  in  this  reprint  to  make  slight  alterations  on  pages  284 
and  289,  referring  to  the  Brandwood  tie,  and  to  enlarge  somewhat  the 
list  of  errata  to  be  found  on  page  58. 
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CONSUMPTION  OF  FOREST  SUPPLIES  BY  RAILROADS  AND  PRACTICABLE 
ECONOMY  IN  THEIR  USE. 

By  B.  E.  Fernow, 
Chief  of  Forestry  Division. 


The  requirements  of  our  railroad  system  in  regard  to  forest  supplies 
have  been  discussed  several  times  in  publications  from  this  Division. 
A  comprehensive  canvass  in  regard  to  the  kinds  and  quantities  of  tim- 
ber used  for  railroad  ties  and  their  life  was  published  in  Volume  IV  of 
Forestrj"  Reports,  in  1884,  and  a  more  extensive  discussion  and  compu- 
tation of  the  consumption  of  forest  supplies  by  railroads  were  given  in 
Bulletin  1  from  this  Division.  A  canvass,  made  this  year  and  tabulated 
below,  was  undertaken  to  verify  some  of  the  conclusions  reached  and  to 
ascertain  what,  if  any,  the  change  in  supplies  has  been  during  the  last 
six  years,  as  far  as  change  in  prices  and  personal  views  of  managers 
might  indicate.  The  tabulation  by  geographical  sections  will  recom- 
mend itself  to  students  of  the  subject  as  an  improvement  on  the  alpha- 
betical one  adopted  by  Dr.  Hough  in  the  first  report  mentioned,  since 
forest  and  market  conditions  difter  so  widely  in  the  various  sections  of 
the  country  that  the  relation  of  railroads  to  tie  supplies  can  be  profita. 
bly  discussed  only  from  local  points  of  view. 

The  larger  roads,  mainly,  have  been  canvassed  as  indicating  the  gen- 
eral and  most  prevailing  practice.  In  the  summary,  the  percentage  of 
mileage  to  which  the  report  refers  compared  with  that  in  operation 
within  the  section  is  calculated,  and  upon  that  basis  the  amount  of  for- 
est supplies  consumed  by  the  railroad  system  of  the  section  is  com- 
puted. Since  the  report  refers  to  nearly  60  per  cent. — ranging  from 
32  to  87  per  cent,  in  the  various  sections — of  the  total  mileage,  such 
basis  for  computation  will  furnish  a  sufficiently  close  approximation  to 
the  truth  for  general  discussion. 

The  consumption  of  ties  goes  for  new  construction  and  for  renewals. 
Both  these  uses  are,  to  be  sure,  exceedingly  variable,  the  latter  natu- 
rally being  influenced  by  the  increase  of  new  mileage  as  well  as  by  many 
other  causes;  only  a  general  approximation,  therefore,  is  possible.  The 
present  canvass  places  the  number  of  ties  needed  for  repairs  at  60,000,000 
per  annum,  the  figure  which  Mr.  Dudley  estimated  in  the  Bulletin  I 
referred  to,  and  somewhat  lower  than  that  figured  in  Mr.  Kern's  paper 
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iu  the  same  publication.*  To  this,  as  has  been  there  shown,  13,000,000 
ties  may  be  added  for  new  construction,  or  in  round  numbers  our  pres- 
ent railroad  system  consumes  73,000,000  railroad  ties,  requiring  at  least 
365,000,000  cubic  feet  of  raw  material.  A  rough  computation  of  the 
proportion  in  which  the  various  timbers  participate  in  this  consump- 
tion allows  the  following  distribution  of  material : 

Oak  ties 45,000,000 

Chestnut  ties 3,500,000 

Pine  ties 12,500,000 

Cedar  ties  (red,  white,  and  California) 5,000,000 

Hemlock  and  tamarack  ties 2,500,000 

Cypress  ties 1,500,000 

Redwood  ties 2,500,000 

Various - 500,000 

The  oak,  therefore,  our  most  valuable  timber,  furnishes  over  60  per 
cent,  of  the  material,  and  not  only  from  choice  trees  mostly,  but  from 
the  young  growth,  which  may  make  "one  tie  to  the  tree"  or  "one  tie 
to  the  (jut." 

For  bridge  and  trestle  timber,  etc.,  another  60,000,000  cubic  feet  of 
sawed  material  are  to  be  added ;  so  that  a  consumption  of  500,000,000 
cubic  feet  of  wood,  in  the  shape  of  forest- grown  (round)  timber  for  rail- 
road purposes,  which  was  claimed  in  a  former  publication,  stands  as  a 
reasonable  figure.  This  requires  the  annual  culling  of  the  best  timber 
from  probably  more  than  1,000,000  acres  of  our  natural  forest  lauds; 
and  to  furnish  this  amount  continually  not  less  than  10,000,000  to 
15,000,000  acres  of  well-managed  forest  would  be  required,  or  in  the 
absence  of  management — as  at  present — the  area  to  be  reserved  for 
this  purpose  would  have  to  exceed  probably  50,000,000  acres,  or  more 
than  10  per  cent,  of  our  present  forest  area. 

Since  the  railways  are  responsible  for  a  very  large  amount  of  the 
consumption  of  timber,  it  must  be  one  of  the  problems  of  a  rational 
forest  policy,  in  a  country  where  forest  management  is  not  yet  practiced, 
to  encourage  such  economies  iu  the  use  of  timber  as  are  within  reason- 
able reach  of  railroad  managers. 

The  use  of  wood  and  the  method  of  using  it  are  largely  matters  of 
custom  everywhere.  In  the  United  States  the  enormous  supplies  which 
the  native  forest  yielded  have  induced  not  only  a  very  extensive  but 
also  a  very  wasteful  use  of  wood,  until  now  we  have  reached  a  point 
when  the  prospect  of  reduced  supplies  makes  the  study  of  ecouomies  a 
matter  of  national  concern,  and  within  a  not  too  distant  time  private 
interest  will  also  awaken  to  the  need  of  it. 

As  a  nation,  with  our  present  conception  of  private  property  rights, 
we  have  but  little  opportunity  to  check  the  wasteful  use  of  our  forest 
resources,  except  so  far  as  this  can  be  done  by  disseminating  informa- 

•As  will  be  shown  further  on,  this  figure  is  probably  over  30  per  cent,  below  actual 
requirements,  and  a  consumption  of  80,000,000  ties  for  renewals  nearer  the  truth. 


15 

tion  which  will  lead  to  private  economy.  As  far  as  the  Government 
holdings  of  timber  lands — still  some  70,000,000  acres — are  concerned, 
certainly  a  rational  management  is  the  need  of  the  hour.  The  condi- 
tions in  which  this  common  property  is  left  at  present,  even  if  con- 
sidered merely  from  a  business  point  of  view,  are  deplorable.  They  are 
a  disgrace  to  our  nation. 

In  recognizing  the  necessity  of  Government  action  with  regard  to 
forest  resources,  the  United  States  is  the  most  backward  of  all  civilized 
nations.  Not  only  have  all  the  European  nations  firmly  established 
forest  administrations,  for  at  least  that  part  of  the  woodlands  held  in 
the  hands  of  the  Government,  but  even  Japan  and  China  are  inaugu- 
rating such,  and  the  English  colonies  in  India,  Australia,  and  in  Africa 
are  fully  imbued  with  this  claim  on  Government  supervision.  Even  in 
Canada  the  future  action  of  the  Government  is  at  least  not  precluded, 
the  Government  retaining  title  to  the  land  which  is  stripped  of  its  tim- 
ber, from-  which  Canada,  in  fact,  derives  its  principal  revenue. 

The  consumption  of  timber  for  railway  purposes  includes  ties,  fences, 
telegraph  poles,  bridges,  trestles  and  culverts,  station-houses  and  other 
buildings,  rolling  stock,  fuel.  In  all  of  these  uses  most  companies 
would  find  it  to  their  advantage  to  study  economy. 

Economy  in  th^  consumption  of  timber  may  be  eftected  in  two  ways: 
(1)  By  the  use  of  other  materials  as  substitutes;  (2)  by  employing 
means  to  increase  the  durability  and  life  of  the  timber  used. 

The  possibility  of  substituting  metal  for  ties  is  fully  discussed  in  Mr. 
Tratman's  report  and  needs  no  discussion  here. 

While  it  can  not  be  expected  that  the  use  of  this  substitute  will 
be  brought  about  by  any  consideration  of  the  waning  forest  supplies, 
it  is  fortunate  that  the  advantages,  direct  and  indirect,  which  accrue 
from  the  use  of  metal  ties  are  such  as  to  riecommend  their  employment; 
even  before  the  time  when  the  initial  cost  of  the  metal  tie  compares 
more  favorably  with  that  of  the  wooden  tie  and  its  financial  advantage 
becomes  palpable. 

Those  roads  which  have  a  sufficiently  permanent  and  sound  financial 
status,  to  allow  them  to  carry  on  their  operations  with  a  view  to  ulti- 
mate saving  rather  than  to  economy  in  first  cost,  and  to  consider  re- 
duction of  maintenance  expenses  the  financial  aim  of  a  well-managed 
railroad,  may  even  now  profitably  adopt  the  higher  priced  metal  tie. 

The  use  of  metal  for  the  construction  of  rolling  stock — not  only  car- 
frames  and  truck-frames,  but  of  entire  cars — has  proved  quite  feasible 
and  satisfactory.  The  economy  to  the  railway  company  will  consist  in 
reduced  cost  of  maintenance  and  repairs,  and  in  longer  life. 

A  mail  car  built  eutirely  of  steel,  oa  a  plau  patented  by  Mr.  'Green,  was  put  in 
actual  service  ou  the  Louisville,  New  Albany  aud  Chicago  Railway  (Monon- route') 
some  time  in  1888,  and  Mr.  Watkej's,  the  master  mechauic  of  the  road,  informed  me 
in  September  last  that  the  car  is  still  in  use  and  lias  given  satisfactory  rt'snlts. 
He  stated  that  up  to  September  26  it  had  made  about  88,000  miles,  and  bad  not  cost 
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anything  for  repairs.  The  cars  on  the  experimental  line  of  the  Meigs  Elevated  Rail- 
way at  Cambridge,  Mass.,  are  of  metal  throughout ;  the  truck  and  floor  frames  are  of 
iron  and  steel,  and  the  body  has  transverse  ribs  or  frames  of  metal  tubes  with  sheet- 
metal  panels.    Freight  cars  with  metal  frames  are  already  used  quite  largely.- 

The  use  of  stone  for  buildings,  and  of  stone  and  metal  for  bridges, 
trestles,  and  culverts,  suggests  itself,  and  the  substitution  of  these 
materials  for  lumber  is,  in  fact,  gradually  progressing  on  all  lines  that 
have  acquired  permanency.  Yet  this  tendency  does  not  seem  to  have 
made  a  very  great  impression  when  we  find  that  even  in  New  England 
and  the  middle  group  of  roads— leaving  out  the  Pennsylvania  Railroad 
— from  3,500  to  4,450  feet  B.  M.  of  timber  per  mile  is  used,  while  South- 
ern and  Northwestern  roads,  which  are  expected  to  use  more  wood  in 
construction,  average  hatdly  any  more,  and  the  more  western  roads, 
with  fewer  stations,  and  probably  fewer  water-crossings,  use  about 
3,000  feet. 

While  bridges  are  being  more  or  less  replaced  by  stone  and  iron 
structures,  wooden  trestles  even  in  permanent  and  well  established 
roads  continue  the  rule,  and  it  is  very  questionable  whether  the  acci- 
dents resulting  every  year  from  burning  of  wooden  bridges  and  trestles 
or  from  their  collapse  and  washing  out  are  not  more  expensive  to  the 
railroad  companies  than  better  structures.  Filling  in  to  solid  bank 
should  be  done  as  fast  as  possible,  or  at  least  preserved  timber  and 
paint  should  be  employed  in  the  construction  of  trestles.  The  substitu- 
tion of  iron  and  cement  pipe  for  wooden  culverts,  or  masonry  and  arches 
and  abutments  with  iron  roof  or  concrete,  would  also  prove  a  final 
economy. 

In  regard  to  station-houses,  freight-sheds,  shops,  round-houses,  car- 
sheds,  it  is  again  the  economy  of  maintenance  which  would  dictate  the 
use  of  stone  or  brick  and  iron  sheeting.  The  use  of  paint  at  least  should 
be  insisted  upon  as  long  as  wood  is  used.  The  objection  that  with  in- 
creased needs  it  is  cheaper  to  replace  a  small  wooden  structure  by  a 
larger  one,  is  not  valid  when  the  design  for  the  smaller  structure  is  in 
the  first  place  made  with  a  view  to  enlargement  and  addition. 

The  use  of  wood  for  fuel  can  hardly  be  said  to  be  objectionable  and 
uneconomical,  as  far  as  forestry  interests  are  concerned,  if  managed  with 
proper  discrimination.  In  fact,  a  very  great  waste  in  the  American 
forest  results  from  the  fact  that  much  of  the  inferior  material  can  not  be 
utilized  for  firewood,  and  remains  in  the  woods  to  feed  and  make  more 
destructive  the  recurring  forest  fires.  Some  two  and  a  half  to  three  mill- 
ion cords  of  wood  are  probably  consumed  for  locomotive  use.  Wood- 
burning  locomotives  are  still  found  in  all  sections  where  fuel  supply 
from  the  forest  is  plentiful  and  coal  expensive.  The  only  objection  that 
can  be  made  to  this  use  is  that  timber  fit  for  better  purposes  is  largely 
placed  in  the  wood  pile.  Another  objection,  perhaps  more  easily 
avoided,  is  that  wood-burning  engines  are  more  likely  to  set  tire  to  the 
forests  through  which  they  pass;  on  such,  therefore,  more  eflficieut 
spark-arresters  than  are  used  in  many  instances  should  be  employed. 
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In  passing,  T  may  point  out  the  superiority  of  live  hedges  along  the 
tracks,  where  such  protection  is  needed,  in  preference  even  to  wire 
fences. 

But,  as  we  have  seen,  by  all  means  the  largest  consumption  and  of 
the  most  valuable  timber  is  that  for  railway  ties. 

There  are  various  directions,  besides  tlie  substitution  of  metal  or  other 
material,  in  which  a  more  economical  use  of  wood  in  this  part  of  rail- 
road construction  can  be  and  ought  to  be  ett'ected.  Such  economies 
consist : 

(1)  In  using  only  the  most  durable  timbers. 

(2)  In  giving  proper  attention  to  the  cutting  and  piling  of  ties 

before  they  are  used. 

(3)  In  paying  attention  to  the  drainage  and  ballast  material  of 

.  the  road-bed. 

(4)  In  replacing  ties  in  the  road-bed  which  have  rotted  from  the 

attack  of  a  specific  fungus  by  ties  of  a  kind  not  liable  to 
attack  by  the  same  fungus,  so  as  to  avoid  its  spread. 

(5)  In  boring  spike  holes  and  filling  the  old  ones  when  re-spik- 

ing, and  in  the  use  of  more  permanent  rail  fastenings. 
(0)  In  the  use  of  tie-plates  in  onier  to  reduce  flange-cutting; 

and  lastly, 
(7)  In  the  use  of  preserving  processes  to  lengthen  the  life  of  the  " 
timber. 
These  economies,  it  must  not  be  overlooked,  have  also  a  tendency  to 
improve  other  conditions  of  railway  management.    They  tend  to  effect 
greater  permanency  of  road-bed  and  hence  greater  safety  to  life  and 
rolling  stock ;  for  every  imi)rovemeut  made  in  the  track  by  lengthening 
the  life  of  ties  reduces  the  necessity  for  frequent  disturbance  of  the  road- 
bed, which  is  a  well  recognized  advantage. 

Duration  or  life  of  timber. — Comparative  tests  of  the  durability  of  va- 
rious timbers  have  never  been  made,  and  the  experiences  of  the  practice 
give  only  conditional  results,  since  a  comparative  account  of  conditions 
under  which  the  timber  is  grown,  handled,  and  placed,  is  rarely  made. 
Not  only  do  different  species  show  varying  durability,  that  is,  resistance 
to  decay,  but  the  same  species  seems  to  exhibit  a  variation  according  to 
the  locality  where  it  is  grown,  and  the  part  of  the  tree  from  which  the 
wood  is  taken,  and  even  its  age  seems  to  influence  durability. 

An  attempt  has  been  made  to  make  the  color  of  the  heart-wood  a  cri- 
terion of  the  durability  of  the  various  timbers,  and  the  following  ex- 
hibit might  tempt  one  to  accept,  at  least  partially,  the  propriety  of  such 
a  standard.*  That  the  sap-wood  is  less  durable  than  the  heart  is  of 
course  well  known. 

•  See  Dr.  H.  Mayr,  "Die  Waldungeu  vou  Nord  Amerika,  etc." 
22893— Bull.  4 2 


If  we  denote  by  v.  d. 
able  timbers,  wo  find: 
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=  very  durable,  d.  =  durable,  and  n.  =  not  dur- 


Pronoaooed  black,  brown,  or 
red  heart. 

Gray,  light    hrown,   light  rod, 
yellow  lieart. 

White  or  slightly  colored  heart. 

Lifinaui  vita  v.  d. 

Cuciiinbcr  tree  n.  d. 

Ueech  n. 

Mesouit  V.  d. 
Catalpa  v.  d. 

Tulip  tree  n.  a. 

Birch  n. 

Black  locnst  v.  d. 

Gum  n. 

0>«»go  OraiiKe  v.  d. 

Coffee  tree  d. 

Maple  n. 

MuUx-rry  r.  rf. 

Honey  locust  d. 

Linden  n. 

Black  walnut  v.  d. 

Sassafras  d. 

Hemlock  n. 

(California  Cedar  v.  d. 

Elmd. 

Spruce  n. 

Re<l  Cedar  r.  d. 

Oakd. 

Fir  n. 

Bald  Cypress  v.  d. 

Willow  n. 

Torreya  v.  d. 

Redwood  v.  d. 

Pine  d. 

Lawson's  Cypiess  v.  d. 

Tamarat^k  v,  d. 

Whitecedar  v.  d. 

Port  Oiford  Cedar  v.  d. 

Donglas  &r  d. 

Cypress  (Cala.)  v.  d. 

The  color  of  the  heart- wood  is  due  probably  to  the  presence  of  tannin, 
which  acts  as  an  antiseptic,  by  makinj;  the  albuminates  in  the  sap  in- 
soluble; and  since  the  most  durable  timbers  seem  to  be  those  of 
southern  localities,  where  therefore  intense  light  and  heat  favor  the 
formation  of  this  antiseptic  principle,  it  would  also  be  reasonable  to  ex- 
pect that  trees  grown  in  open  stand  would  be  more  durable,  and  that 
the  observed  greater  durability  of  second  growth  is  due  to  the  fact  that 
it  has  grown  up  under  full  influence  of  sunlight. 

The  three  timbers  which  without  coloration  of  the  heart  show  great 
durability  are  characterized  by  a  strong  smell,  which  leads  to  the  pre- 
sumption that  a;theric  oils  take  the  place  of  the  tannin  and  afford  pro- 
tection against  attacks  by  fungus  growth. 

Some  timbers,  like  the  catalpa,  begin  soon  to  form  heart-wood, 
while  others,  like  the  hickory,  begin  so  late  that  but  a  small  part  of  the 
trunk  yields  durable  timber.  This  certainly  is  noteworthy  in  growing 
tie  timber. 

But  the  idea  that  the  young  wood  is  more  durable  because  it  is  young, 
which  seems  to  prevail  among  railway  managers,  must  be  considered 
erroneous'.  On  the  contrary,  young  wood,  which  contains  a  large 
amount  of  albuminates,  the  food  of  fungi,  is  more  apt  to  decay,  other 
things  being  equal,  than  the  wood  of  older  timber.  Sound,  mature,  well- 
grown  trees  yield  more  durable  timber  than  either  young  or  very  old 
trees.  It  is  the  rapid  growth,  exhibited  in  broad  annual  rings  and  duo 
to  favorable  soil  and  light  conditions,  which  yields  the  most  durable 
1  iinber  in  hard  woods,  and  only  as  far  as  the  growth  in  the  virgin  forest 
has  been  slow  ought  there  to  be  a  difference  in  favor  of  second-growth 
limber.  In  conifers,  however,  slow  growth  with  narrow  rings,  which 
contain  more  of  the  dense  summer  wood  in  a  given  space,  yields  the 
better  timber.  The  turpentine  (pitch)  accumulated  in  the  summer 
wood  of  the  conifers  acts  as  a  pieservative  by  preventing  the  penetra- 
tion of  water  and  hindering  the  development  and  spread  of  fungus 
growth.    Hence  tapped  trees  on  the  tapped  side"  where  the  pitch  has 
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concentrated  itself— "light- wood" — is  almost  indestructible,  while  the 
rest  of  the  tree,  deprived  of  its  turpentine,  has  lost  its  durability.  In 
all  cases  within  the  same  species,  the  heavier  and  denser  wood  is  the 
most  durable. 

Coniferous  woods,  then,  from  comparatively  poor  soils,  high  altitudes 
and  dense  forest,  and  hard  woods  or  deciduous,  from  rich,  deep,  warm 
soils  and  isolated  positions,  produce  the  most  durable  material. 

Without  means  of  determining  the  exact  relative  value  of  the  diflfer- 
ent  species,  it  is  only  possible  to  give  the  following  enumeration,  which, 
in  general,  proceeds  from  the  most  durable  to  the  less  durable  ones : 

Eastebn  Range  : 

Conifers :  Bald  cyprosa  {Taxodium  distichum,  Rich.);  Red  cedar  {Junipenu 
Firginiana,  L.) ;  White  cedar  (Chamacyparis  sphcsroidea,  Spach.) ;  Arbor- 
vijaj,  White  cedar  (Thuya  occidentalia,  L.);  Tamarack  {Larix  Americana, 
Michx.) ;  Long-leaved  piue  (Pinus  palustria,  Miller)  ;  White  piue  {Pinua 
Strobiis,  L.);  Red  pine  (Piwus  resiwosa,  Ait.);  Cuban  pine  (Pinus  Cuben- 
ais,  Griseb. );  Short-leaved  pine  (Pinus  echinata,  Miller);  Hemlock  (Tsuga 
Canadensis,  Carr.);  Spruces  (Picea  alba,  Link.,  P.  nigra,  Link.) 

Broad-leaved  trees:  White  oak  (Quercus  alba,  L.);  Post  oak  (Quercus  ob- 
tuailoba,  Michx.);  Basket  oak  (Quercus  Michauxii,  Nutt.);  Burr  oak 
(Quercus  macrocarpa,  Michx.) ;  Chestnut  oak  (Quercus  prinus,  L.);  Live 
oak  (Quercus  rnrens,  Ait.);  Osage  orange  (Madura  aurantiaca,  Nutt.); 
Hardy  catalpa  (Catalpa  speciosa.  Warder.);  Black  locust  (Eobinia  pseud- 
acacia,  L.);  Honey  locust  (Gleditschia  triacanthos,  L.);  Red  mulberry 
(Morus  rubra,  L.) ;  Chestnut  (Castanea  vulgaris,  var.  Americana,  A.  DC.) ; 
Kentucky  coffee  tree  (Gymnocladus  Canadensis,  Lam.);  White  elm 
(Ulmus  Americana,  L.);  Slippery  elm  (Ulmusfulva,  Michx.) ;  "White  ash 
(Fraxinus  Americana,  L.);  Black  ash  (Fraxinua  sambucifolia,  Lam.); 
Greeu  ash  (Fraxinus  viridis,  Michx.) 
Rocky  Mountain  Region: 

Mesquit  (Prosopis  juliflora,  DC),  Red  cedar  (Juniperus  Virginiana,  L.  and  J. 
pachyphlwa,  ToTT.);  Pinyon  piue  ( Pinus  edulis,'EngGlm.) ;  Fox-tail  pine 
(  Pinus aristata,  Murray) ;  Douglas  spruce  (  Pseudotsuga  Douglasii,  Carr.) » 
Western  larch  (L,arix  occidenialis,  "Sntt.) ;  Burr  oak  (Quercus  macrocarpa, 
Michx.);  Bull  \nne  (Pinus pondero8a,I>oagl.) ]  Eugelmann's  spruce (Ptcea 
Engelmanni,  Engelm.). 

Pacific  Slope: 

Yew  (Taxus  brevifolia,  Nutt.);  Redwood  (Sequoia  aemperviretts,  Enilicher) ; 
La  wson's  cypress  (C'Aa»iflBc^j)am/yajt'8ontawo,  Pari.);  Sitka  cypress  (CAawKB- 
oyparis Nutkaensis,  Spach.);  Canoe  ce'lar  (Thuya  gigantea,  Nutt.) ;  White 
cedar  ( Libocedrus  decurrens,  Torr. ) ;  Douglas  spruce  ( Pseudotsuga  Douglasii, 
Carr. ) ;  Western  larch  ( Larix  occidentalis,  Nutt. ) ;  Li  ve  oak  ( Quercus  chryso- 
lepis,  Liebin.);  Post  oak  (Quercus  Garryana,  Dougl.);  Sugar  pine  (Pinus 
Lambertiana,  Dougl.) ;  Engelmann's  spruce  (Picea  Engelmanni,  Engelm.); 
Western  hemlock  (Tsuga  Mertensiana,  Carr.) 

The  time  of  felling  has  always  been  thought  to  influence  the  dura- 
bility of  timber.  But  while  practical  considerations  will  limit  the 
choice  of  time,  theoretically,  with  proper  after-treatment  no  such  influ- 
ence can  be  admitted. 

Early  winter  felling  should  have  the,  preference,  because,  possibly. 
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less  fermentable  sap  is  then  in  the  trees ;  mainly,  however,  because  the 
timber  will  season  with  less  care,  more  slowly  ami  more  evenly,  and 
before  the  temperature  is  warm  enough  for  fermentation  to  set  in. 

If  the  wood  is  cut  "  in  the  sap"  it  is  more  liable  to  fermentation  and 
to  the  attacks  of  insects  and  more  care  is  necessary  in  seasoning;  for 
the  rapid  seasoning,  due  to  the  warm  dry  atmosphere,  produces  an 
outer  seasoned  coat  which  envelopes  an  unseasoned  interior  liable  to 
decay.  When  cut  in  the  leaf,  as  is  done  when  the  chestnut  oak  is  cut 
for  tanbark,  it  is  advantageous  to  let  the  trees  lie  full  length  until  the 
leaves  are  thoroughly  withered  (two  or  three  weeks),  before  cutting  to 
size.  With  conifers  this  is  a  good  practice  at  any  season,  and  if  it  can 
be  done,  all  winter-felled  trees  should  be  left  lying  to  leaf  out  in  spring, 
by  which  most  of  the  sap  is  worked  out  and  evaporated,  for  it  is  the 
stored  up  albuminates,  the  fungus  food,  which  are  utilized  in  the  bud- 
ding and  leafing. 

After  felling,  further  attention  is  needed  to  secure  thorough  sedsoning. 
The  idea  expressed  in  some  of  the  reports  on  the  life  of  ties,  that  sea- 
soning is  of  no  consequence,  contradicts  all  known  facts.  Under  cer- 
tain conditions  of  the  roadbed  this  seasoning  of  the  ties  may  satisfacto- 
rily progress  while  in  place,  but  by  so  much  as  it  is  imperfect,  by  so 
much  is  danger  from  rot  invited. 

The  experience  of  the  Delaware  and  Hudson  Canal  Company,  "  that 
ties  seasoned  one  year,  being  properly  piled  and  the  bark  taken  off, 
■would  last  longer  than  ties  used  the  same  year  they  are  cut  and  the 
bark  left  on,"  is  sound  and  incontrovertible.  Unfortunately  no  experi- 
ments are  at  hand  to  show  the  absolute  money  value  of  seasoning, 
because  the  length  of  time  to  which  the  life  of  ties  is  prolonged  by 
seasoning  is  unknown. 

That  the  careless  piling  of  ties  which  is  so  often  practiced  costs  the 
railroad  companies  thousands  of  dollars  through  the  earlier  deteriora- 
tion of  their  roadbed,  is  quite  certain.  As  proper  piling  does  not  mean 
extra  cost,  for  it  can  be  almost  as  easily  done  as  not,  it  should  be 
strictly  insisted  upon. 

Most  roads  prescribe  in  their  specifications  for  ties  a  method  of  pil- 
ing, but  this  is  done  rather  for  convenience  of  inspection  and  loading 
than  for  securing  proper  seasoning.  Piling,  upon  sound  principles,  is 
shown  as  the  result  of  the  specifications  for  the  New  York  and  New  En- 
gland, Pennsylvania,  Lake  Shore  and  Michigan,  the  Cleveland,  Day- 
ton and  Columbus,  Kansas  City,  Fort  Scott  and  Gulf  (which  shows  a 
diagram  on  its  specificatio<i  card),  and  a  few  other  roads.  The  practice 
of  these  roads  can  be  without  difficulty  and  should  be  imitated  by  all 
others.  The  requirement  is,  to  pile  never  more  than  fifty  ties  in  a  neat 
square  pile,  in  such  a  manner  that  one  tier  contains  six  to  nine  ties,  sep- 
arated from  each  other  by  a  space  equal  to  about  the  width  of  the  tie, 
the  next  tier  consisting  of  one  tie  placed  crosswise  at  each  end  of  the 
first  tier.    The  bottom  tier  should  consist  of  two  ties,  or  better,  poles, 
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to  raise  the  pile  from  the  groimJ.    The  piles  to  be  5  teet  apairt.    The  end 
view  of  the  pile  thus :  • 


The  side  view  thus : 


la  this  manner  a  better  result  at  least  will  be  obtained  than  by  the 
indiscriminate  close  tumbling  together  of  the  ties,  so  often  practiced. 

If  possible,  the  piling  ground  should  be  somewhere  in  the  woods,  or 
at  least  away  from  the  sun,  wind,  or  rain,  so  as  to  secure  a  slow  and 
uniform  seasoning. 

If  dried  too  rapidly,  the  wood  warps  and  splits,  the  cracks  collect 
water,  and  the  timber  is  then  easily  attacked  and  destroyed  by  rot. 

The  best  method  of  obtaining  proper  seasoning,  in  a  shorter  time, 
without  costly  apparatus,  is  to  immerse  the  prepared  timber  in  water, 
from  one  to  three  weeks,  in  order  to  dissolve  and  leach  out  the  fermenta- 
ble matter  nearest  the  surface.  This  is  best  done  in  running  water — 
if  such  is  not  at  hand,  a  tank  may  be  substituted,  the  water  of  which 
needs,  however,  frequent  change.  Timber  so  treated,  like  raft  timber, 
will  seavson  more  quickly  and  is  known  to  be  more  durable. 

If  practicable,  the  application  of  boiling  water  or  steam  is  advanta- 
geous in  leaching  out  the  sap. . 

The  Atchison,  Topeka  and  Santa  Fe  road  has  made  the  experiment 
of  leaching  pine  ties  for  two  months,  with  the  result  of  increasing  their 
durability  to  a  considerable  extent  (time  not  stated).  It  also  reports 
that  pine  ties  cut  in  summer  and  placed  in  track  while  green  last 
three  years ;  if  cut  in  winter  and  seasoned  before  use,  they  last  about 
five  years;  if  cut  in  winter  and  water  seasoned,  they  will  last  five  and 
one-half  years. 

In  the  canvass  made  in  1883  the  question  was  asked,  whether  ties 
were  preferred  from  old  or  young  growth,  and  whether  hewn  or  sawed. 
While  in  the  majority  of  cases  the  answer  runs  "  hewn,  and  one  tie  to 
the  cut,  from  small  trees"  or  even  "one  tie  to  the  tree,"  there  are  others 
who  see  no  difference  in  the  durability  of  sawn  or  hewn,  some  even  pre- 
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ferring  tbe  former,  especially  with  coniferous  woods  and  when  all  heart 
can  be  secured. 

Some  give  as  reasons  for  their  preference  for  young  timber,  that  old 
timber  is  more  liable  to  check,  or  more  difficult  to  work  "  being  tougher," 
or,  and  this  is  the  most  likely  reason  for  observed  inferiority,  because 
poorer  timber  is  furnished  in  sawed  ties,  namely,  such  as  is  not  good 
enough  for  other  purposes.  Some  use  sawed  ties  because  they  can  be 
had  more  cheaply — probably  where  other  roads  insist  on  hewn  ties ; 
others  use  hewn  ties  because  they  can  be  had  more  cheaply — probably 
where  saw  timber  is  scarce  and  coppice  growth  plenty. 

It  has  been  stated  before  that  there  is  not  necessarily  any  superiority 
to  be  found  in  young  growth ;  on  the  contrary,  well-grown  mature  trees 
furnish  more  durable  timber.  In  fact,  the  young  timber  of  conifers  is 
invariably  poor,  especially  if  quickly  grown,  and  the  young  timber 
from  the  dense  hardwood  forest,  where  it  grows  slowly,  is  also  poor. 
It  is,  therefore,  an  inexcusable  waste  and  folly  to  insist  indiscrimi 
nately  upon  ties  cut  from  trees  that  will  make  but  one  tie  or  that  the 
cut  should  make  but  one  tie.  The  excuse  for  it  can  be  found  only  in 
the  fact  that  hewn  ties  do  seem  to  last  longer  under  otherwise  unfavor- 
able conditions  and  can  be  furnished  only  from  such  timber.  It  is 
claimed  by  some  roads  that  hewn  ties  will  last  30  per  cent.,  or  from  one 
to  three  years,  longer  that  sawn.  The  reason  is  obvious.  The  sawn 
face  is  more  or  less  rough  and  collects  water,  and  thus  gives  opportu- 
nity for  fungus  growth,  while  the  smoother  face  of  the  hewn  tie  sheds 
tbe  water.  With  hard  woods  of  good  growth,  careful  manufacture, 
proper  seasoning,  and  with  well-drained  road-bed,  the  advantage  of  the 
liewn  tie  would  probably  not  be  equal  to  the  enormous  waste  of  wood 
necessary  in  its  manufacture. 

Some  of  the  reports  of  those  roads  which  make  no  difference  between 
sawn  and  hewn  ties,  or  which  i)refer  the  former,  are  wortliy  of  note. 

The  Grand  Trunk  Railway  desires  that  a  tree  should  average  four 
ties,  and  says  "it  matters  not  whether  they  be  hewn  or  sawn,  so  long 
as  the  upper  and  lower  faces  are  flat  and  the  sides  uncut.  Oak  ties 
are  taken  when  sawn  on  four  ftices,  but  no  other  kind."  The  ties  used 
by  the  road— onk,  tamarack,  hemlock,  and  cedar — average  six  to  seven 
years  in  duration. 

The  Detroit,  Lansing  and  Northern  Railroad,  using  oak  with  a  life  of 
eight  and  hemlock  with  a  life  of  five  years,  finds  no  difference  between 
hewn  and  sawed  ties,  "  if  made  of  similar  timber." 

The  Kansas  City,  Fort  Scott  and  Gulf  Railroad,  using  oak  with  a  life 
of  eight  years,  says :  "  If  made  from  large  timber,  no  preference  is  had 
between  ties  that  are  sawn  and  those  that  are  hewn.  Large  timber  is 
deemed  best." 

The  preference  is  given  to  sawn  ties,  and  from  large  trees,  by  the 
Oregon  and  California  Railroad,  using  red  tir  of  eight  years  life;  by 
the  Bangor  and  Piscataquis  Railroad,  with  cedar  of  fourteen  and  tama- 
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rack  of  seven  years' duration  (put  in  track  when  balf  seasoned,  although 
full  seasoning  is  recognized  as  preferable) ;  by  the  Mobile  and  North- 
western Railroad  in  Mississippi,  "if  all  heart  can  be  obtained  and  large 
timber,  as  it  has  less  sap-wood.  The  small  trees  along  the  line  of  road 
do  not  make  as  good  ties  as  the  large  timber." 

The  Arkansas  Midland  Railroad  prefers  sawed  ties,  although  they 
are  more  costly.  "  Cypress  ties  should  only  be  sawed  from  large 
trees,  post  oak  and  white  oak  ties  from  small  trees  are  equally  as  good 
as  from  large  ones.  " 

The  Alabama  Great  Southern  makes  a  point  that  the  ties  should 
"  not  be  cut  through  the  heart  of  the  tree,"  the  philosophy  of  which  is, 
probably,  that  the  long-leaf  pine  ties  are  liable  to  have  the  heart  break 
out  and  sliver.  The  significant  statement  is  also  made  that  the  oak 
from  the  south  end  of  the  road  is  not  as  durable  as  that  from  the  mount- 
ains on  the  north  end.  The  difference  is  probably  due  to  track  con- 
ditions rather  than  to  locality  of  growth. 

Durability  or  life  of  ties. — The  life  of  timber  in  use  as  ties  is  reduced 
by  two  causes,  namely,  a  mechanical  one,  the  breaking  of  the  wood 
fiber  by  the  tlauge  of  the  rail  and  by  the  spikes,  and  a  chemical  or 
physiological  one,  the  rot  or  decay  which  is  due  to  fungus  growth.  These 
causes  work  either  in  combination  or,  more  rarely,  independently'.  A 
soft  wood  may  be  easily  cut  into  and  made  useless  before  rot  takes  place — 
as,  for  instance,  in  the  case  of  such  otherwise  durable  woods  a«  redwood, 
chestnut,  etc.,  but  the  breaking  of  the  fibre  in  most  cases  is  only  the 
antecedent  and  forms  part  of  the  favorable  conditions  for  the  fungus 
growth — other  timbers  may  be  attacked  by  rot  first,  which,  of  course, 
is  followed  soon  by  a  breaking  of  the  fiber. 

The  exterior  conditions  favorable  to  decay  have  been  discussed  at 
length  in  Bulletin  1;  the  controllable  ones  consist  mainly  in  the 
drainage  conditions  of  the  road-bed.  Rock  ballast  is  best  drained, 
and  hence  the  best  record  comes  from  such  road-beds ;  gravel  is  next 
best  and  clay  or  loam  is  about  the  worst ;  on  the  other  hand,  where 
soft-wood  ties,  like  chestnut,  are  used,  the  hard  rock  ballast,  while  un- 
favorable to  decay,  reduces  their  life  by  pounding  and  cutting.  Sand 
ballast  seems  to  vary  considerably  ;  a  sharp,  coarse  silicious  (not  cal- 
careous) sand  with  good  under-drainage  should  l)e  next  best  to  gravel, 
while  some  reports  give  a  heavy  black  soil  and  loam  as  better  than  sand. 
The  reason  why  sand,  although  offering  good  drainage,  is  favomble  to 
decay,  may  be  sought  in  its  great  capacity  for  heat,  which  induces  fer- 
mentation. 

In  Louisiana  "  ties  on  black  loamy  soil  rot  out  in  one-third  the  time  of 
those  laid  in  a  clay  soil.  Ties  exposed  to  the  sun  all  day  rot  out  in  less 
time  than  those  which  are  shaded  a  p.irt  of  the  day.  Shade  and  a  free 
circulation  of  air  are  requisite  to  the  best  lasting  of  any  timber  in  oar 
climate." 
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From  fifteen  years'  experience  on  the  Cumberland  and  Pennsylvania 
Bailroad  it  is  stated  that  ties  supported  in  stone  ballast  have  20  per 
cent,  longer  life,  as  far  as  rot  is  concerned.  The  Eastern  Kentucky 
Railroad  claims  that  with  slag  ballast  oak  ties  will  last  two  years  longer 
than  in  sand,  while  on  the  Cleveland,  Columbus,  Cinncinnati,  and  In- 
dianapolis Railway  such  ties  were  found  to  last  two  years  less  in  slag 
ballast  than  in  gravel.  The  nature  of  the  slag,  it  should  not  be  for- 
gotten, is  very  varying,  and  hence  its  value  for  ballast.  The  East  Ten- 
nessee, Virginia  and  Georgia  Railroad  allows  in  rock  ballast  eighteen 
months  longer  life  than  in  a  soil  bed,  and  notes  in  sandy  soil  the  most 
rapid  decay. 

Experience  on  the  Hannibal  and  St.  Joseph  Railroad  ranges  the  va- 
rious kinds  of  ballast  as  follows  :  stone  ballast  best;  next,coarse  gravel  j 
next,  soil,  and  worst,  cinder  and  sand  ballast. 

The  New  York,  New  Haven  and  Hartford  Railroad,  six  years  ago, 
ballasted  its  road  with  broken  stone  to  a  depth  of  14  inches;  stone  of 
not  more  than  2  inches  in  size  was  used,  and  at  the  rate  of  4,000  cubic 
yards  to  the  mile.  It  was  expetJted  that  ties  in  such  a  road  bed  would 
last  two  years  longer  than  in  gravel  ballast.  Yet  now  it  is  found  that, 
with  the  heavy  traffic,  the  high  rate  of  speed,  and  weight  of  engines  and 
trains  and  the  use  of  chestnut  ties,  these  do  not  last  more  than  five 
years,  the  cutting  of  the  rail  on  the  upper  and  of  the  stone  on  the  lower 
side  wearing  the  ties  rapidly. 

Even  the  oak  tie  will  succumb  to  the  pounding  it  receives  from  such 
ballast,  as  the  report  of  the  Erie  Railroad  shows,  which,  while  admit- 
ting that  ties  are  less  liable  to  decay  in  broken  stone  ballast,  finds  this 
ballast  "  on  the  heavily  used  portions  of  the  line  hard  on  the  ties,  by 
cutting,  so  that  the  oak  ties  are  worn  out  before  they  rot." 

Thus  the  life  of  ties  of  the  same  timber  varies  considerably,  not  only 
according  to  climate,  and  character  of  the  timber,  and  the  treatment 
the  ties  receive  before  being  laid,  but  also  according  to  the  character  of 
the  road-bed  and  the  traffic.  From  the  reports  of  the283  companies  in 
1883 — which,  by  the-by,  are  now  so  consolidated  that  the  85  companies 
reporting  to  this  year's  inquiry  represent  almost  50  per  cent,  more  mile- 
age than  the  former  283 — the  following  tabulation  has  been  made,  show- 
ing the  range  and  average  duration  of  ties  of  various  timbers  under 
present  usage.  The  aim  of  well-managed  roads,  of  course,  should  be 
so  to  combine  conditions  of  road-bed,  inspection,  and  handling  of  ties, 
that  the  highest  average  duration  at  least  should  be  obtained. 

The  long  life  given  to  honey  locust  in  the  table  on  page  25  is  proba- 
bly due  to  a  misnomer,  black  locust  being  meant,  as  honey  locust  is 
l)rol)ably  not  a  very  lasting  timber.  The  duration  of  mesquite,  if 
sound,  is  claimed  to  be  interminable. 
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Kiud. 


Conifers : 

Redwood 

Biild  cypress  

Ked  cJdar 

Tamarack 

Wliit«  cedar 

Pine,  iong-loaf 

Pine,  red  and  wliite 

Pine,  bull  (Ouliforuia) 

Pine,  bull  (Colorado)  

Hemlock. 

Spruce 

Inroad-leaved  trees : 

White  oaks 

Chestnut 

Honey  locust , 

Coffee  tree 

Cherry,  black  walnat,  locust,  Massafras 

Mulberry 

Me8qnit« 

Elm 

Black  oaks 

Ash,  beech,  maple 


Ran^e. 


8-15 
4-12 


4-12 
4-10 
5-10 
*-8 
G-9 
3-« 
2-8 
3-7 

3-12 
4-12 


7-10 

ft-10 

5-« 


4-9 
2-7 
2-7 


Average. 


11-12 

g-10 

10 

7-8 

7 

»-7 

6 

C-7 

5 

4-« 

5 

7-8 

7-8 

10 


5-7 

4-5 

4 


The  suggestion  of  Mr  P.  H.  Dudley  (see  Bulletin  I),  that  ties  wliich 
are  attacked  by  a  specific  fungus  in  a  giv^en  locality  be  replaced  by  ties 
of  a  different  species  not  so  attacked,  in  order  to  get  rid  of  the  infec- 
tion, is  worthy  of  consideration. 

The  necessity  of  employing  an  expert  to  determine  the  fungus  caus- 
ing the  rot  and  to  designate  what  kind  of  timber  to  substitute  in  order 
to  avoid  the  specific  fungus,  would  probably  form  the  practical  ob- 
jection to  this  expedient. 


METAL  TIE-PLATES  AND  METHODS  OF  FASTENING. 

The  experience  that  the  more  durable  timbers  can  not  be  utilized  to 
the  full  length  of  their  life,  because  of  the  flange  cutting  which  destroys 
them  mechanically,  suggests  at  once  the  use  of  metal  tie-  or  bed-plates 
or  other  means  for  reducing  this  mechanical  destruction.  Such  bed- 
plates correspond  to  the  rail  chairs  in  use  on  English  roads,  but  are 
less  expensive.  Some  time  ago  the  use  of  a  hard-wood  plate,  let  into  a 
soft-wood  tie  under  the  rail-foot,  was  proposed,  but  the  advantage  thus 
gained  was  probably  not  pro{)ortioned  to  the  labor  of  inserting  the 
plate,  for  it  seems  not  to  have  found'wide  application. 

The  use  of  a  sheet  of  felt,  one  quarter  of  an  inch  thick,  placed  between 
tie  and  rail,  has  been  found  quite  satisfactory  in  France  with  preserved 
ties  in  preventing  flange  cutting,  the  felt  lasting  five  to  ten  years.  The 
experiment  of  the  Baltimore  and  Ohio  Railroad  of  using  lead,  vsunk  into 
the  wood,  is  well  known.  Though  effective  to  some  extent  the  expense 
was  too  great.  The  method  of  fastening  the  rail  to  the  tie  has  also 
much  to  do  with  the  wear  of  the  tie. 

That  the  wear  from  spiking  and  frequent  respiking  mast  needs  reduce 
tlie  life  of  the  tie  is  obvious  ;  not  only  is  the  fiber  destroyed  mechan- 
ically, but  water  collects  in  the  old  spike  holes  and  induces  rot,  while 
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the  loosening  of  the  spike  an<l  couseqiiently  of  the  rail  produces  a  ver- 
tical pounding  which  accelerates  the  wear  of  the  rail-foot  into  the  tie. 

That  by  boring  spike  holes  before  the  spike  is  driven  the  adhesion 
of  the  spike  is  increased,  the  tra(;k  kept  longer  in  safe  condition,  the 
wear  under  the  rail-foot  reduced,  and  the  tie  made  to  last  longer  has 
been  shown  in  Bulletin  1,  where  experiments  in  this  direction  are  recited 
at  length.  The  tilling  of  the  old  spike  holes  with  wooden  plugs  to  re- 
duce the  liability  to  rot  was  reported  as  satisfactory  practice  by  the  care- 
ful manager  of  the  Cleveland,  Mount  Vernon  and  Delaware  Railroad, 
who  used  plugs  ^  by  J  by  5  inches  in  size.  The  New  York,  Pennsylvania 
and  Ohio  road  also  uses  such  plugs. 

The  common  spike,  now  almost  exclusively  in  use,  must  be  consid- 
ered the  poorest  and  most  unsatisfactory  part  of  our  railroad  con- 
struction. Not  only  is  a  large  part  of  the  reduction  in  the  life  of  rail- 
road ties  to  be  charged  to  these  imperfect  fastenings,  but  they  are 
probably  responsible  for  more  damage  to  rails  and  rolling-stock,  and 
for  more  accidents  than  is  generallj^  recognized.  An  improvement, 
therefore,  in  rail-fastenings  is  decidedly  needed. 

Various  changes  in  the  shape  of  the  spikes  have  been  made,  which 
do  not,  however,  appear  to  increase  the  efficiency  of  an  ordinary  well- 
made  spike;  tests  at  the  St.  Louis  bridge  having  shown  that  ragging 
and  curving  even  reduce  the  efficiency  below  that  of  the  ordinary 
spikes. 

The  most  promising  improvement  in  spike-fastenings  is,  perhaps,  the 
Davies  locking  spike,  recently  come  into  use,  which  seemingly  obviates 
some  of  the  objections  to  which  all  spike  fastenings  are  exposed. 

Its  sharp  cutting  edges  reduce  the  dangers  from  mechanical  destruc- 
tion of  the  wood-fibre;  and  as  it  runs  diagonally  across  the  fibre  ("\)  it 
will  undoubtedly  hold  more  firmly  than  the  straight  spike,  and  thus, 
by  keeping  rail  and  tie  closely  connected  and  diminishing  the  necessity 
of  frequent  respiking,  will  necessarily  save  the  tie  from  premature  de- 
struction. 

The  use  of  wood  screws  with  washers  or  screw-bolts  would  of  course 
be  superior  in  every  respect  to  the  present  S])ike  fastenings,  and  this 
change  alone  in  the  fastening  material  would  make  ties  last  consider- 
ably longer,  besides  insuring  greater  safety.  Such  screw  fastenings, 
of  various  designs,  with  holes  bored  to  receive  them,  are  now  largely 
used  in  Europe.  In  this  country  the  Bush  interlocking  bolts  have 
been  employed  with  good  results  by  the  New  York  Central  and  Penn- 
sylvania railways.  Another  screw  fastening  of  simple  construction  is 
designed  and  used  by  Mr.  M.  W.  Thomson,  engineer  of  maintenance 
of  way,  Pennsylvania  Railroad.  The  only  objection  to  the  use  of  such 
fastenings  is  their  greater  cost,  increased  labor,  and  need  of  skilled 
labor  in  their  use.  But  after  all,  the  use  of  bed-plates  in  connection 
with  proper  fastenings  alone  can  satisfy  present  requirements  of  track 
where  heavy  traffic  on  wooden  ties  with  flange  rails  is  to  be  safe. 
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The  experience  witb  bed-plates  in  Germany  shows  that  after  the  plate 
has  adjusted  itself  to  the  tie,  which  requires  some  time  and  some  cutting 
into  the  wood,  '-the  line  which  was  employed  for  seven  years  for  the 
purpose  of  determining  this  wear,  gave  hardly  any  wear  to  the  ties  pro- 
tected by  plates;  in  every  case  showing  less  than  1  millimeter  loss  per 
year,"  while  that  of  oak  ties,  unprotected,  was  nearly  four  times  as  large 
(one-fifth  inch). 

Other  roads,  where  bed  plates  are  used,  report  considerable  increase 
of  life  not  only  of  spruce  ties  on  the  tangent,  but  also  of  oak  ties  which 
were  used  on  the  curves,  giving  in  such  position  the  oak  ties  1C.6  and 
the  spruce  ties  (treated)  16.7  years'  life,  a  very  remarkable  service. 

Bed-plates  are  to  serve  the  following  objects : 

(1)  A  more  even  diatribution  of  rail  pressure  over  a  greater  area  of  the  tie,  and 
thereby 

(2)  Retardation  of  the  mechaniccil  destruction  of  the  tie  by  catting,  and 

(3)  Less  danger  of  tilting  of  rails ; 

(4)  To  prevent  the  lateral  bending  of  spikes  or  screws  and  thereby  loosening  of 
rail ;  _ 

(5)  To  increase  resistance  of  screws  and  spikes  against  lateral  motion  or  spread- 
ing of  rails. 

To  attain  these  objects  the  following  conditions  in  the  form  of  the 
plate  are  necessary : 

(1)  It  should  be  sufficiently  large  to  increase  sensibly  the  bearing  snrfoce  upon 
the  tie.  A  length  of  5^  inches  aud  a  width  of  4^  inches  in  addition  to  the 
width  of  the  rail-foot,  or  altogether  8^  to  9  iuches  are  considered  minimum 
dimensions. 

(2)  It  should  be  sufficiently  thick  to  take  up  all  pressures  without  effect  on  the 
shape  of  the  plate  ;  the  nnninium  thickness  is  given  as  one-half  Inch. 

(3)  It  should  be  so  placed  that  the  larger  bearing  surface  be  on  the  inside  of  the 
rail  where  the  pressure  is  greatest  aud  resistance  therefore  must  needed,  so 
that  2^  inches  lie  inside  and  2  inches  outside  the  rails. 

(4)  It  should  increase  the  resistance  of  spikes  or  bolts  against  lateral  pressure,  hy 
projecting  shoulders  against  which  the  fastenings  bear. 

(5)  It  should  relieve  the  fastenings  from  lateral  pressures  by  having  the  rail-foot 
rest  directly  against  projecting  shoulders. 

(6)  It  should  be  secured  against  lateral  motion  upon  the  ties  by  having  the  lower 
surface  provided  with  short  sharp  ridges  (not  deeper  than  three-sixteenths 
to  one-fourth  inch,  three  being  used,  the  inner  tooth-rim  deeper  than  the 
outer),  or  other  contrivances  which  increase  the  friction  between  plate  and 
wood. 

After  considerable  experience  with  other  forms,  a  bed-plate  answer- 
ing all  these  requirements  has  been  designed  and  used  by  Mr.  Post, 
the  well  known  railroad  engineer  of  the  Netherlands  Railway.  The 
gradual  development  of  the  ideal  bed  plate  is  described  by  him  In 
Glaser's"Annalen  liir  Gewerbe  und  Bauwesen,"  1887,  and  the  first  aud 
ultimate  forms  are  shown  in  accompanying  cuts. 

He  remarks  in  regard  to  results: 

(I)  After  100  to  500  trains  the  ridges  have  sank  into  the  oak  ties; 
knots  must  be  avoi«led  under  the  bed-plate. 
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(2)  After  twenty  months  the  impressions  of  the  ridges  were  foand 
sharply  cut  and  the  edges  nubattered. 

(3)  The  gauge  was  kept  almost  as  well  as  with  metal  ties,  i.  e.,  better 
than  with  oak  ties  without  plates. 

(4)  The  fastenings  showed  neither  wear. nor  loss  of  shape  nor  loosen- 
ing. 

On  the  Prussian  railways,  instead  of  the  parallel  sharp  ridges  a  net- 
work of  diagonally  crossing  ribs  is  cast  on  the  under  surface  of  the 
plate,  which  reduces  expense  and  has  been  found  entirely  satisfactory 
and  fully  answering  the  purpose  of  close  adjustment  between  tie  and 
plate. 

In  the  United  States  and  Canada  several  roads,  among  which  the  In- 
tercolonial, Atlantic  and  Pacific,  and  Maine  Central,  have  begun  the  use 
more  or  less  extensively  of  a  bed-plate  weighing  2  pounds,  which  con- 
sists of  a  simple  steel  channel  8  inches  long,  3|  inches  wide,  3-16  inch 
thick,  and  with  flanges  turned  down  on  the  long  sides  finch  deep,  "which 
are  driven  into  the  tie  parallel  with  the  fiber,  two  spike  holes  having 
previously  been  punched  into  the  plate.  While  these  plates  are  cer- 
tainly exceedingly  simple  and  easy  of  application,  they  can  not,  of  course, 
satisfy  all  the  requirements  demanded  above ;  their  bearing  surface  is 
rather  small  and  the  metal  thin  ;  there  is  also  the  objection  that  the 
flanges  open  new  grooves  for  water  to  penetrate  and  collect  in,  thus  pre- 
senting favorable  conditioiTs  for  the  rot,  which  is  not  the  case  in  the 
above  described  forms. 

In  regard  to  the  brief  experience  had  with  this  plate,  the  chief  en- 
gineer of  the  Intercolonial  Kailroad  says: 

The  Servis  tie-plate  does  very  good  service  ou  cedar  ties  and  at  joints,  bat  does  not 
appear  of  sufficient  strength,  as  now  manufacturetl,  to  resist  the  heavy  traffic  pass- 
ing over  them,  as  we  have  found  they  very  soon  become  hollow  backed. 

Mr.  L.  B.  Robinson,  manager  of  the  Atlantic  and  Pacific  Railroad 
Company,  western  division,  makes  the  following  statement: 

We  bought  about  70,000  of  these  bed-plates  last  year  for  an  extension  of  our  line, 
which  will,  however,  not  be  opened  until  next  month  (May),  so  that  we  had  but 
little  experience  with  these  plates. 

About  a  year  ago  I  put  a  few  of  these  plates  under  rails  on  our  main  line.  The 
rails  were  light  weight,  50  pounds  to  the  yard;  the  ties  were  California  redwood, 
which  is  a  soft  timber.  We  are  using  on  this  division  engines  weighing  sixty  tons. 
The  few  plates  that  we  put  there  have  made  a  very  fair  showing.  Witliout  the  plates 
the  rails  in  the  same  locality  have  sunk  into  the  tie  from  one-half  to  one  and  one-half 
inches,  while  rails  resting  on  the  bed-plates  are  simply  even  with  the  top  of  the  tie ;  in 
a  very  few  instances  they  have  sunk  into  the  tie,  say  one-eighth  of  an  inch.  The 
plates  are  of  too  small  an  area,  in  my  judgment,  for  such  soft  timber  as  California 
redwood.  If  they  had  been  made  an  inch  and  a  half  longer  and  an  inch  wider  I 
think  much  better  results  would  have  been  obtained. 

As  soon  as  our  extension,  noted  above,  is  opened,  these  plates  will  be  subjected  to 
heavy  traffic,  and  in  the  course  of  the  next  six  months  I  may  be  able  to  give  you 
more  definite  information. 

The  manager  of  the  Maine  Central  Railroad,  using  principally  cedar 
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ties,  expresses  his  entire  satisfaction  with  the  use  of  the  Servis  plate, 
and  says : 

Their  use  has  so  thoroughly  demonstrated  their  great  benefit,  not  only  as  a  bed 
plate  but  also  as  a  rail  brace,  keeping  the  track  from  sprea<ling,  that  they  now  re- 
ceive the  hearty  commendation  of  all  our  trackmen. 

From  these  remarks  we  may  infer  that  the  bed-plate,  like  all  other 
parts  of  railroad  construction,  must  be  adjusted  to  the  special  condi- 
tions of  track  and  trafiBc.  What  is  satisfactory  and  suflBcient  in  one 
case  mny  not  be  so  under  changed  conditions. 

The  Perkins  tie-plate,  resting  on  a  thin  wooden  block  placed  on  the 
tie  avoids  the  cutting  into  the  tie  by  the  rail  flanges,  but,  besides  other 
disadvantages,  is  apt  to  reduce  the  efficiency  of  the  fastenings,  thereby 
failing  in  one  important  oflBce  of  the  ideal  plate. 

Other  bed-plates  which  strive  to  meet  more  of  the  requirements  made 
by  Mr.  Post,  as  stated  above,  are  the  Thomson  (Pennsylvania  Railway), 
the  Cox  (McConway  and  Tooley),  the  Wreushall,  the  Sandberg,  and 
the  Stuart  elastic  plates.* 

Lately  a  "shoulder  tie  plate"  has  been* placed  on  trial  on  the  Penn- 
sylvania lines.  This  plate,  weighing  4  pounds,  is  stamped  out  of  one 
quarter-inch  steel  plate,  12  inches  in  length  and  5  inches  in  width,  thus 
giving  about  three  times  as  much  bearing  surface  as  the  rail,  while  along 
the  rail-foot  on  both  sides  a  shoulder  of  about  one-eighth-inch  depth 
is  raised  in  the  process  of  stamping,  which  helps  to  keep  the  spikes 
from  wearing  at  the  neck  and  to  i)reserve  the  gauge. 

It  is  asserted  that  the  use  of  bed-i)lates  will  increase  the  wear  of  rails. 
This  is  conceivable  under  two  conditions,  namely,  if  the  fastenings  are 
imperfect  and  loose,  allowing  the  pounding  of  the  rail  upon  the  plate, 
or  if  the  bearing  surface  is  enlarged  beyond  proper  limits,  counteract- 
ing the  elastic  features  of  the  tie,  especially  upon  an  unelastic  ballast 
(stone).  Here,  as  everywhere  in  railroad  construction,  the  relation  of 
each  part  to  the  other  and  to  the  service  required  must  be  kept  in  view. 

Even  the  use  of  a  properly  constructed  splice-bar,  like  the  "  Samson," 
must  be  counted  among  the  means  of  economizing  in  the  life  of  ties. 

Preserving  processes. — With  the  adoption  of  means  which  secure  the 
tie  against  mechanical  destruction  the  question  of  preserving  it  against 
rot  assumes  at  once  a  new  aspect. 

While  in  France  not  a  tie  is  laid  without  subjecting  it  to  a  preserv- 
ing process,  and  while  the  same  practice  prevails  largely  in  England 
and  in  Europe  generally,  but  little  has  been  done  in  this  direction  in 
the  United  States. 

The  reasons  for  this  neglect  are  various,  mainly  the  cheapness  of  tie 
timber  and  the  expense  of  preservative  processes,  and  further  the  ob- 

•  See,  in  this  connection,  Mr.  Russell  Tratman's  paper  on  "The  Improvement  of 
Railway  and  Street  Railway  Track,"  in  Transactions  of  the  American  Society  of 
Civil  Engineers,  March,  1890.  The  Holgate  tie-plate,  with  lugs  instead  of  shoulders, 
in  successful  use  on  the  Grand  Trunk  Railway,  came  too  late  to  our  notice  to  be 
noticed  in  the  text. 
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servatiou  that  tiauge  cutting  i>roceeds  often  piore  rapidly  tbau  rotting. 
Uncertainty  in  regard  to  the  efticacy  of  various  processes,  unsatisfac- 
tory experience  with  processes  improperly  applied,  and  unwillingness 
to  spend  on  initial  cost  for  the  sake  of  a  future  saving  may  also  have 
had  something  to  do  in  retarding  the  introduction  of  preserving  proc- 
esses. 

In  railroad  building  there  is  such  an  intimate  and  mutual  relation 
of  the  ditterent  parts  of  construction  that  no  one  can  be  determined 
upon  without  keeping  in  view  all  the  others.  As  we  have  seen,  the 
use  of  rock  ballast,  which  promised  by  its  effectual  draining  a  longer 
life  to  the  chestnut  tie,  by  its  hard  pounding  destroyed  it  sooner  than 
it  would  have  been  destroyed  by  rot  in  a  gravel  or  dirt  ballast.  So,  too, 
preserving  processes  which  soften  the  wood  fiber,  as  some  are  apt  to 
do,  while  preventing  rot  would  reduce  the  life  of  the  tie  through  me- 
chanical action,  while  a  process  that  hardens  the  wood,  as  claimed  for 
the  burnettizing,  might  make  even  a  soft  tie  last  as  long  as  an  un- 
treated hard-wood  tie.  But  the  combination  of  bed-plates  with  pre- 
serving processes  promises  to  make  almost  as  satisfactory  and  per- 
haps as  economical  and  safe  a  track  as  one  on  metal  ties. 

The  various  processes,  their  value  and  their  cost,  have  been  at  length 
and  admirably  set  forth  in  a  panjphlet  by  the  Society  of  Civil  En- 
gineers and  in  more  condensed  form  in  a  report  by  Col.  Henry  Flad, 
civil  engineer,  contributed  to  Bulletin  1  of  this  division.  Some  new 
processes  have  come  into  use  since  the  preparation  of  that  report;  but 
as  the  value  of  such  processes  can  only  be  determined  by  years  of  ex- 
perimental use,  the  discussion  of  these  is  left  to  some  future  time. 

I  should,  however,  mention  one  new  process  quite  at  variance  with 
the  conceptions  upon  which  all  processes  have  hitherto  been  based. 
While  those  processes  attempt  to  eliminate  the  sap  of  the  wood  and 
substitute  in  part,  at  least)  an  antiseptic,  which  is  to  keep  out  moisture 
and  make  the  germination  of  fungi  impossible,  "  vulcanizing"  is  carried 
on  upon  the  claim  that  by  pressure  and  heat  such  changes  in  the  chemi- 
cal constitution  of  the  sap  can  be  produced  as  to  make  it  incapable 
henceforth  of  sustaining  a  fungus  growth.  While  the  argument  upon 
which  the  effect  is  claimed  in  the  pamphlet  of  the  New  York  Vulcaniz- 
ing Company  is  open  to  criticism  and  stands  upon  a  rather  uncertain 
physiological  basis,  it  is  not  impossible  nor  improbable  that  the  claimed 
change  in  the  chemical  constitution  of  the  sap  is  produced,  but  whether, 
under  the  influence  of  atmospheric  agencies,  bacteria,  and  fungus 
spores  this  change  will  remain  permanent  and  the  fungus  growth  be  pre- 
vented remains  still  to  be  seen.  It  is  claimed  that  the  teredo  has  not  at- 
tacked vulcanized  wood;  but  this  fact  does  not  argue  immunity  from 
attacks  by  fungi. 

According  to  a  statement  of  Mr.  F.  K.  Hain,  manager  of  the  elevated 
railroad  lines  in  New  York,  "yellow  pine  timbers  treated  by  this  pro- 
cess have  been  in  use  on  the  road  for  the  i)ast  six  years,  without  show- 
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ing  auy  rot  and  hardly  any  wear  by  (Mitting,  where  untreated  timber 
rapidly  decayed.  Most  of  the  timber  now  in  use  by  this  company 
has  been  treated  by  this  process,  and  all  renewals  are  made  with  vul- 
cauizecl  tiiliber."  From  an  analysis  of  vulcanized  oak,  made  by  Dr. 
C  F.  Chandler,  it  appears  that  the  formation  of  antise])tics  during  the 
process  has  really  taken  place  in  the  wood,  the  analysis  showing  alto- 
gether 11.90  per  cent,  of  such  materials,  namely,  0.3G  per  cent,  neutral 
oils,  turpiues,  etc. ;  0.77  per  cent,  phenols,  and  10.78  per  cent,  resinous 
acids. 

The  process  consists  simply  in  subjecting  unseasoned  wood  to  dry  air, 
heated  to  from  400  to  GOO  degrees  F.,  under  pressure  of  100  to  175  pounds 
per  square  inch,  heat  and  pressure  being  regulated  according  to  the  na- 
ture of  the  timber  and  the  result  to  be  obtained. 

The  fiber  of  the  wood  seems  to  be  hardened,  and  the  color  can  be  kept 
natural  or  changed  at  will. 

Altogether,  this  process  is  among  the  most  promising  of  the  many 
designed  to  lengthen  the  life  of  timber.  Its  advantages,  besides  sim- 
plicity and  cheapness — the  present  charge  is  $8  per  thousand  feet  B.  M., 
which  would  bring  the  cost  per  tie  to  3  cents — are,  that  unseasoned 
timber  is  preferably  used,  that  the  fiber  is  not  weakened,  that  the 
timber  may  be  worked  after  treatment  without  exposing  any  untreated 
part,  for  it  seems  treated  through  and  through,  that  it  seems  unaffected 
by  atmospheric  changes,  being  thoroughly  seasoned  by  the  process. 

A  few  notes  on  the  status  and  experience  of  tie  preserving  in  this 
country  which  have  come  to  the  writer's  notice  may  find  insertion  here. 

Heavy  oil  of  tar,  commonly  called  creosote  (either  from  wood-tur  or 
coal-tar),  and  chloride  of  zinc  are  the  most  commonly  employed  mate- 
rials in  this  country. 

The  Chicago  Tie  Preserving  Company,  at  its  own  works  (which  sup- 
ply ties  for  the  Chicago,  Rock  Island  and  Pacific  Railway  under  con- 
tract) and  at  the  works  erected  by  it  at  Laramie,  Wyo.,  for  the  Union 
Pacific  Railway,  and  at  Las  Vegas,  N.  Mex.,  for  the  Atchison,  Topeka 
and  Santa  Fe  Railway,  uses  the  zinc  tannin  process ;  the  Southern  Pa- 
cific Railway  has  both  creosote  and  zinc  plants  at  its  Houston  works; 
the  Creosote  Lumber  Construction  Company,  of  Feruandina,  Fla.,  and 
the  Carolina  Oil  and  Creosote  Company,  of  Wilmington,  N.  C,  use  the 
wood  creosote  oil;  the  Lehigh  Valley  Creosoting  Company,  of  Perth 
Amboy,  N.  J.,  Eppinger  &  Russell,  of  New  York,  and  the  Old  Dominion 
Creosoting  Works,  of  Norfolk,  Va.,  usedeadoilof  coal-tar;  the  Louisville 
and  Nashville  Railway  has  a  creosoting  plant  of  its  own,  used  for  piles 
and  timber;  the  Boston  and  Maine  Railway  hasakyanizing  (corrosive 
sublimate)  plant  at  Portsmouth,  N.  H.,  which  has  been  used  for  treat- 
ing hemlock  ties. 

The  Louisville  and  Nashville  Railway's  creosoting  works,  situated  at 
West  Pascagoula,  have  for  ten  years  creosoted  piles  to  protect  them 
against  the  teredo,  also  bridge  and  trestle  timber,  but  have  never  creo- 
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soted  ties,  because  it  is  believed  that  with  ties  at  23  to  30  cents  apiece 
the  additional  expense  would  not  be  justifiable.  The  chief  engineer 
writes  that  the  cost  of  creosoting  them  would  be  about  $24  per  1,000 
feet  board  measure,  or  $1  per  tie,  including  creosoting,  freight,  and 
handling,  assuming  that  they  take  1^  gallons  of  oil  per  cubic  foot. 

This  reasoning  is  not  quite  fair,  since  ties  would  not,  or  need  not, 
take  up  more  than  one-third  of  the  material  stated,  and  are  probably 
more  cheaply  handled  than  bridge  and  trestle  timber.  The  cost  with- 
out transportation  is  stated  at  25  cents  per  tie  by  Colonel  Flad.  Creo- 
soting is,  no  doubt,  the  most  expensive  process,  and  as  it  is  said  to 
soften  the  timber  may  not  even  be  found  as  desirable  for  tie  preserving 
as  a  process  using  metal  salts. 

Mr.  F.  C.  Priudle,  of  the  Carolina  Oil  and  Creosote  Company,  Wil- 
mington, N.  0.,  writes  as  follows : 

We  are  now  using  only  our  heavy  wood  creosote  oil  for  creosoting  purposes.  I 
suspect  that  tbe  chief  difficulty  in  introducing  creosoted  ties  in  this  country  lies  in 
the  fact  of  their  considerable  first  cost,  and  the  prevailing  policy  with  new  roads 
seems  to  be  to  build  as  cheaply  as  possible  at  the  outset  and  then  each  succeeding 
administration  is  much  inclined  to  keep  the  yearly  repairs  of  roadway  down  to  the 
minimum,  and  the  long-run  policy  of  building  permanently  at  first  and  with  very 
much  smaller  repair  bills  afterward  seems  to  be  ignored.  The  approximate  increase 
iu  cost  of  a  creosoted  over  a  plain  tie  is  about  $14  per  1,000  feet  board  measure  when 
creosoted  with  10  pounds  of  oil  per  cubic  foot  and  $16  when  creosoted  with  12  pounds 
of  oil  per  cubic  foot,  or  about  60  cents  per  tie. 

The  Newport  News  and  Mississippi  Valley  Railway  had  thirty  pine 
ties  creosoted  with  dead  oil  of  coal-tar  at  the  Old  Dominion  Creosoting 
Works,  Norfolk,  Va.,  some  years  ago ;  one  was  taken  up  in  July,  1887, 
after  five  years'  service,  and  was  reported  to  be  in  good  condition  and 
likely  to  last  for  fifteen  years  more.  The  ties  were  in  track  under  heavy 
traffic,  but  the  spikes  maintained  a  firm  hold.  Mr.  S.  D.  Puller,  man- 
ager of  the  works,  states  that  prices  range  from  75  to  85  cents  per  tie  at 
the  works.  Mr.  George  S.  Valentris,  manager  of  the  Eppinger  &  Kus- 
sell  Creosoting  Works,  New  York,  states  that  ties  treated  with  dead 
oil  of  coal-tar  have  given  satisfactory  results,  but  that  the  first  cost 
keeps  them  from  being  generally  used  ;  the  cost  is  from  90  cents  to  $1 
for  a  tie  8  inches  by  G  inches  and  8  feet  length. 

The  Atlantic  Coast  Line  put  down  some  creosoted  pine  ties  three 
years  ago,  the  process  costing  $10  per  M  feet,  B.  M.,  or  12  cents  per 
cubic  foot,  which  would  bring  the  cost  per  tie  to  a  little  over  40  cents. 

The  Savannah,  Florida  and  Western  Kailroad  Company  creosotes 
yellow  pine  piling  and  bridge  timber  at  $12  i)er  M  feet,  B.  M. 

The  Boston  and  Maine  Railroad  Company  for  eight  years  used  hem- 
lock ties  kyanized,  with  bichloride  of  mercury,  at  10  cents  per  tie,  with 
satisfactory  results,  but  when  hemlock  ties  increased  in  price,  and  cedar 
ties,  lasting  eight  years,  became  cheap  (33  cents),  no  advantage  seemed 
to  accrue  from  the  use  of  the  process  and  it  was  abandoned. 
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Eveu  if  we  allow  the  cost  of  the  hemlock  tie  at  35  ceots,  if  by  the 
process  it  can  be  made  to  last  twelve  years,  which  seems  uot  unreason- 
able to  expect,  it  would  be  cheaper  than  the  cedar  ties,  since  the  annual 
charges  together  with  cost  of  renewal  compare  as  5.98  to  5.67  cents  in 
favor  of  the  preserved  hemlock  tie. 

Tlie  average  cost  of  treatment  by  the  zinc  process  (burnettizing)  is 
placed  at  20  cents  by  the  Chicago  Tie  Preserving  Company. 

The  Chicago,  Rock  Island  and  Pacific  Eailroadhas  had  such  ties  in  use 
for  tbe  last  four  years,  expecting  them  to  last  sixteen  years.  The  man- 
ager of  the  road  writes  as  follows  : 

Tbo  life  of  au  ordinary  hemlock  tie  ia  three  years ;  the  life  of  a  hemlock  tie  bur- 
uettizod  is  sixteen  years,  twice  as  great  as  the  lifo  of  an  oak  tie.  We  would  use  hem- 
lock ties  entirely,  treated  in  this  manner,  if  the  facilities  for  burnettizing  were  sutfi- 
cient  to  meet  the  requirements;  and  it  is  probable  that  in  contracts  to  be  made  in  the 
future  wo  shall  demand  increased  facilities  and  to  au  extent  to  meet  all  necessities, 
in  which  event  we  would,  of  course,  use  no  oak  ties  at  all.  The  hemlock  tie  costs25 
cents  and  the  cost  of  burnettizing  is  20  cents,  making  the  total  cost  45  cents,  which 
is  also  the  cost  of  an  oak  tie 

The  Atchison,  Topeka  and  Santa  Fe  Railroad  Company  kindly  fur- 
nishes the  following  statement  in  regard  to  the  cost  of  burnettizing 
with  the  Wellhouse  piocess  at  Las  Vegas : 

Cents. 

For  chemicals 11.7 

For  labor 4.  S 

For  fuel 6 


16.6 


This  is  almost  50  per  cent,  higher  than  the  figures  of  Colonel  Flad. 
Mr.  A.  A.  Robinson,  general  manager,  under  date  November  21, 1889, 
adds: 

The  indications  thus  far  are  favorable  and  satisfactory.  In  1885  we  placed  305  of 
these  treated  pine  ties  in  the  main  track  just  north  of  the  bridge  over  the  Kansas 
River  in  North  Topeka.  A  few  weeks  since  I  examined  these  ties  and  found  no  evi- 
dence of  decay,  each  tie  being  apparently  as  sound  as  a  dollar. 

Since  oak  ties  last  year  on  that  road  cost  48  cents  free  on  board  at 
Kansas  City  (a  low  price),  and  the  pine  ties  34  cents  in  New  Mexico, 
the  oak  lasting  seven  and  a  half  years,  the  treated  pine,  even  if  we  in- 
crease its  price  to  60  cents,  would  need  to  last  only  ten  years  jmd  yet 
be  cheaper.  Experience  with  buruettized  ties  would  allow  an  assump- 
tion of  twice  that  life  as  uot  extravagant. 

In  all  calculations  of  the  advantage  in  the  use  of  ties  of  longer  life  an 
important  one  is  often  overlooked,  namely,  the  reduced  necessity  of  dis- 
turbing the  track,  with  all  the  advantages  which  that  implies. 

The  value  of  this  indirect  advantage,  to  be  sure,  it  is  almost  impos- 
sible to  establish  by  mathematical  calculation,  but  the  direct  financial 
superiority  of  one  tie  system  over  another  is  perfectly  capable  of  being 
figured  upon  a  mathematical  basis,  and  the  factors  to  be  usetl  for  such 
calculation  are  uot  doubtful. 
22893— Bull.  4 3 
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FINANCIAL  ECONOMY  OP  VARIOUS  RAILROAD  TIE  SYSTEMS. 

There  has  been  much  difficulty  experienced,  even  by  the  writers  in 
the  publication  referred  to  of  the  Society  of  Civil  Engineers,  in  getting 
at  a  proper  basis  upon  which  to  compare  the  financial  value  of  two 
tie  systems  of  varying  cost  and  duration,  or  the  eventual  saving  of  one 
over  the  other. 

For  a  perpetual  concern  like  a  railroad  the  tirst  cost  is  not  always 
the  most  important  factor  of  calculation.  In  fact,  the  saving  of  labor 
for  renewals  and  maintenance  is  now  the  vital  question  in  the  cost  of 
railroad  management.  When  this  is  brought  to  a  minimum  by  perfec- 
tion of  tbe  road,  safety  and  comfort  in  traveling  as  well  as  a  safe  divi- 
dend will  be  secured. 

We  may  dismiss  at  once  as  imi)roperin  a  community  with  well  estab- 
lished financial  systems  any  calculation  which  does  not  apply  com- 
pound interest.  There  can  be  a  dispute  only  as  to  the  rate  of  interest, 
which  in  discounting  long-standing  investments  is  usually  taken  at  less 
than  the  current  rate  of  interest.  But,  while  the  choice  of  the  rate  is 
of  importance  when  the  actual  amount  of  saving  is  to  be  calculated,  if 
the  existence  only  of  a  saving — no  matter  of  what  amount — is  to  be  es- 
tablished, this  choice  of  rate  of  interest  becomes  irrelevant  as  long  as 
we  use  the  same  rate  in  all  cases  which  we  compare.  And,  especially 
in  the  case  of  two  tie  systems,  the  saving  which  the  one  of  longer  dura- 
tion brings,  by  virtue  of  greater  safety  and  permanence  of  road-bed,  is 
incalculable,  so  that  to  establish  its  superiority  financially  we  need  to 
prove  only  that  it  is  not  more  expensive. 

The  expenditure  for  a  tie  system,  which  must  be  renewed  at  given 
intervals,  may  be  conceived  as  a  series  of  intermittent  rents.  In  order 
to  make  them  comparable  with  another  series  of  rents,  which  are  paid 
out  at  difi'erent  intervals  we  must  transform  both  series  into  annual 
rents. 

The  sum  total  of  the  amounts  represented  in  the  intermittent  rents, 
with  compound  interest  discounted  to  the  present  date,  are  to  be  equal 
to  annual  rents  discounted  in  the  same  way.  If  li  =  intermittent  rent 
or  charge,  jO  =  rate  of  interest,  w  =  period  of  payment,  r  =  annual  rent 
or  charge,  we  have 

R  B  _  _r_  r 

Summing  up  both  sides,  which  represent  two  endless  falling  geometric 

series,  we  get 

Bl.Op"  r^ 

I7()^«~::ri  =  o.()p » 

or 

I.Oj)" 

This  is  the  only  proper  way  of  determiningthe  so-called  annual  charge, 
and  with  this  formula  a  table  of  annual  charges  has  been  constructed 
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and  appended  to  this  report,  which  allows  ready  comparison  of  systems 
of  varying  cost  and  duration  as  to  their  profitableness.  This  table  is 
calculated  for  a  5  per  cent,  rate  of  interest. 

If  a  lower  rate  of  interest  is  used  in  calculating  the  annual  charges, 
these,  to  be  sure,  fall  out  lower,  but  the  amounts  of  saving  increase. 
i3o  that  it  may  be  assumed  that  the  table  calculated  upon  a  5  per  cent, 
basis  gives  the  most  conservative,  practically  applicable  results. 

If  the  actual  amount  saved  is  to  be  determined,  we  need  only  find  and 
compare  the  capitals  which  produce  annually  if  placed  on  simple  inter- 
est the  amounts  of  the  annual  charge  ;  or  to  arrive  at  the  amount  of  that 
capital  directly,  we  need  only  omit  in  the  above  formula  the  multiplica- 
tion with  O.Op.  Calling  0  -|-  R  =  S,  the  sum  from  which  we  may  take 
the  amount  R  for  first  construction  and  have  the  amount  O  left  to  pro- 
duce R  at  stated  intervals  of  n  years,  we  have 

Using  the  table  of  annual  charges,  we  see  that  a  tie  costing  30  cents 
and  lasting  5  years  involves  an  annual  charge  of  6.93  cents,  which  cor- 
responds to  a  capital  of  $1.39.  Were  we  to  pay  20  cents  more  for  a  tie 
lasting  ten  years,  the  annual  charge  would  be  6.47  cents,  corresponding 
to  a  capital  of  $1.29 ;  or  use  of  the  latter  ties  would  mean  a  capital  sav- 
ing of  10  cents  per  tie  or  $260  per  mile  of  track  laid  with  2,600  ties. 

This  does  not  include  the  saving  which  comes  by  virtue  of  the  less 
frequent  necessity  of  renewal,  and  which  can  be  determined  in  a  similar 
manner;  a  table  of  annual  renewal  charges  is  also  appended. 

If  objections  should  be  made  to  employing  indefinite  time,  as  has 
been  here  done,  in  the  capitalization,  and  it  is  desired  to  relate  the  cap- 
ital to  any  given  term  for  which  the  business  is  supposed  to  run,  the 
following  formulas  should  be  employed,  representing  the  accumulation 
of  recurring  expenditures,  with  compound  interest  at  the  end  of  the 
business  term : 

R  =  amount  paid  out  once  in  n  years, 

m  =  the  number  of  terms  of  n  years, 

V  =  the  total  value  of  the  investment  at  the  end  of  w  w  years, 

p  =  the  rate  of  interest ;  then 

(L0p«--l)1.0pn 

^=^ — i:or^i —  ^^' 

If  we  consider  two  systems  in  which  the  corresponding  values  are 
V„  R„  m,,  n„  and  V/„  R,„  w»,„  n„,  we  have  from  (I) 

V,  =  R,  1.0/?">(I.0j?»*.»<— 1) 
l.U^« — 1 

(2) 
V„  =  R,,  1.0p»"  (1.0p«*»r>..  ~  1) 

i:opn„  _  I 


36 
Since  for  comparison  we  must  have  m,n,z=m„n„f  the  values  (2)  give 

L__  R,  A.op-:::rii  i.o^n,-n„  (3) 


From  this  we  see  that  the  first  or  second  system  will  be  the  more  ad- 
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vantugeous,  according  as  ^^  is  less  or  greater  than  1. 


If,  for  instance,  we  introduce  into  these  equations  the  following  ele- 
ments, in  one  case  a  tie  costing  60  cents  in  the  roadbed,  lasting  eight 
years,  in  the  other  case  a  tie  costing  the  same  but  lasting  sixteen  years, 
2,600  ties  to  the  mile,  we  find  for  a  term  of  thirty-two  years,  in  the 
first  case  an  expenditure  of  investment  and  accumulated  interest  of 
$18,131.18,  and  in  the  other  case  of  $10,836.42,  or,  since 

V,,      2600x60xl.05«—  1  x  1.05« 

V,  ~        2600x60xl.05i«— 1         -"-""j 

the  saving  of  the  longer-lived  tie  amounts  to  40  per  cent.  By  discount- 
ing the  difference  in  accumulated  expenditures  after  thirty -two  years, 

namely,  $7,294.76  to  the  present  year,  according  to  formula  E=  — ^ — ,  we 

get  the  present  capital  saving,  namely,  $1,531.90.  This  represents  the 
financial  advantage  of  the  tie  of  longer  duration  for  a  thirty-two  year 
run.    For  a  longer  run  this  amount  increases  naturally. 

The  simplest  and  most  satisfactory  way,  however,  of  comparing  two 
systems  is  by  taking  recourse  to  a  calculation  of  annual  charges. 

ANNUAL  CHARGES. 

As  we  have  seen  the  expenditure  E  occurring  now  and  recurring 
every  n  years,  like  that  for  the  renewal  of  railroad  ties,  is  changed  into 
an  annual  charge  r  by  the  formula  as  developed  above 

l.Op^-1 
in  which  p  is  the  rate  of  interest  and  1-^1'=— jaa- 

In  the  following  table  the  fraction    '  ,/^"   '  F  has  been  corai>ut«d  for 

1.0jp»—  I  * 

rate  of  interest  at  5  per  centum,  and  for  various  terms  of  n. 

By  multiplying  the  fraction,  given  for  1  cent  expenditure,  under  the 
term  in  which  the  expenditure  is  to  recur,  with  the  actual  amount  of 
the  expenditure  in  cents  the  annual  charge  is  found. 

This  multiplication  is  carried  out  in  the  table  for  varying  expendi- 
tures from  20  cents  to  125  cents. 
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If  the  expenditure  is  not  now  incurred,  but  becomes  first  necessary 
after  n  years  and  then  recurs  at  intervals  of  n  years,  like  the  cost  of 
replacing  railroad  ties  (assuming  that  first  laying  is  done  at  a  different 
figure),  the  formula  for  the  annual  charge  is  changed  into 

I.0j>«-1 
For  this  the  needful  computations  are  found  in  Table  II. 

Exaviples. 

(1)  A  hemlock  tie,  costing  40  cents  in  the  road-bed, lasts  five  years;  how  long  mast 
it  last  (o  allow  an  additional  expenditure  of  25  cents  for  a  process  of  impregnation 
without  increasing  its  ultimate  cost? 

Find  under  column  5  (years)  the  annual  charge  for  40  cents  =  9.23;  find  for 
40+25=65  eents  the  annual  charge  nearest  in  amonnt  to  9.23,  this,  being  9.14,  be- 
longs to  column  9  (years);  so  that  to  justify  the  expenditure  a  duration  of  between 
eight  and  nine  years  must  be  attained. 

(2)  A  railroad  company  is  offered  hemlock  ties  at  25  cents  which  will  last  five 
years,  and  oak  ties  which  will  last  eight  years  costing  45  cents.-   Whieh  is  cheaper, 

when  the  cost  of  replacing  is  15  cents  t 

Cents. 

Find  from  Table  I  for  25  cents  under  column  5  (years)  the  annual  charge 5. 78 

Add  from  Table  II  for  cost  of  replacing  every  5  years  annual  charge  for  15 
cents 2.72 

Annual  charge  for  hemlock  tie  = 8.50 

Find  for  45  cents  under  colum  8  (years)  the  annual  charge 6. 96 

Add  for  cost  of  replacing  every  8  years  at  15  cents 1.58 

Annual  charge  for  oak  tie= 8. 54 

The  oak  tie  under  such  conditions  can  only  indirectly  be  cheaper  by  being  more 
easily  kept  in  condition. 

(3)  It  is  proposed  to  increase  the  life  of  the  hemlock  tie,  by  means  of  burnettizing, 
to  sixteen  years;  how  much  can  be  paid  for  the  process  in  order  not  to  exceed  the 
cost  of  an  oak  tie,  and  what  is  the  amount  of  saving  in  capital  over  an  oak  tie,  if  the 
process  can  be  kept  at  20  cents  per  tie,  when  there  are  2,600  ties  per  mile  and  15 
cents  per  tie  must  be  paid  for  lirst  laying  and  again  for  replacing  ? 

Tbe  annual  charge  for  the  oak  tie  having  been  found,  as  above,  to  be  8.54  cents, 
look  under  column  16  (years)  for  an  annual  charge  of  the  same  or  nearly  the  same 
amonnt;  this  is  8.30  cents,  corresponding  to  an  expenditure  of  90  cents;  add  to  this 
annual  charge,  tliat  for  1  cent  as  many  times  as  it  is  necessary  to  bring  it  up  to 
(5.54  or  2i  by  0.09,  which  brings  the  annual  charge  for  the  hemlock  tie  to  8.53,  cor- 
responding to  an  expenditure  of  92^  cents;  or  since  the  hemlock  tie  originally  cost 
25  cents  we  may  spend  67^  cents  for  the  preserving  process  and  yet  keep  the  financial 
value  of  the  hemlock  tie  at  least  equal  to  that  of  the  untreated  oak  tie. 

If  we  can  keep  the  cost  of  process  at  20  cents,  making  the  hemlock  tie  in  the  bed 
25  +  20  +  15  =  60  cents,  and  the  oak  tie  45  +  15  :=  60  cents,  the  annual  charge  for  the 
oak  tie  is  9.28,  or  per  mile  of  2,600  ties  $241.28;  the  annual  charge  for  the  hemlock 
tie  is  5.53,  or  per  mile  of  2,«!00  ties  $143.78;  the  capital  corresponding  to  these 
charges,  bearing  interest  at  5  per  cent.,  would  be 

For  oak. $4,825.60 

For  hemlock _ 2,875.60 

Difference 1,950.00 
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That  is  to  say,  although  the  original  expenditure  is  the  same  in  both  cases, 
namely,  60  X  2,600  =  *;  1,560,  in  the  long  run  the  tie  of  twice  the  duration  effects  a 
saving  of  more  than  its  original  cost. 

(4)  A  metal  tie  costing  $1.25,  lasting  thirty  years,  and  then  being  worth  for  old  iron 
50  cents,  requires  an  expenditure  of  30  cents  to  lay  down  first  and  then  of  40  cents  for 

replacing ;  what  is  the  proper  annuiil  charge  ? 

Cents. 

The  annual  charge  for  $1.25  through  30  year  terras,  according  to  Table  I,  is 8. 12 

This  is  diminished  by  the  annual  charge  on  50  cents  recurring  after  the  first  terra 
of  thirty  years,  according  to  Table  II,  namely, 0. 75 


7.37 
To  this  must  be  added  from  Table  II,  the  annual  charge  on  40  cents,  recurring 
every  thirty  years  after  the  first  term  = 0. 60 


7.97 
and  also  the  annual  charge  for  the  initial  expenditure  of  30  cents  occarring  only 

once  according  to  formula  r=R  -  ^■--  twhicli  for  «  =  ao  becomes  =    .    '  ^ 
^  l.Opn+l-1  l.Op 

or  for  30  cents  and  5  per  cent,  rate  of  interest _^  l_L  _    1.43 

«  1.05         

making  total  proper  annual  charge 9.40 

Such  a  tie,  then,  would  be  financially  superior  to  an  oak  tie  costing  55  cents  laid 

and  lasting  seven  years,  or  to  a  preserved  tie  costing  85  cents  in  the  road-bed  and 

lasting  twelve  years,  as  can  be  readily  seen  by  finding  the  corresponding  annual 

charges  in  Table  I. 
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REPORT  ON  THE  CONSUMPTION  OF  TIES  ANT)  OTHER  LUMBER  BY  RAIL- 
ROADS IN  THE  UNITED  STATES. 


The  following  tabulation  is  made  up  from  reports  of  the  railroad 
companies  named,  kindly  furnished  in  answer  to  a  circular  of  inquiry. 

The  various  roads  have  been  grouped  in  sections,  in  order  more 
readily  to  compare  their  requirements  for  wood  material  with  conditions 
of  supply.  The  foot-notes  are  made  up  from  the  general  statements  ac- 
companying reports  or  from  published  annual  reports  of  the  roads.  The 
roads  are  numbered  consecutively,  and  foot-notes  refer  to  the  roads 
whose  numbers  they  bear. 

To  admit  a  comparison  of  prices,  those  reported  to  this  Department 
in  a  similar  canvass  six  years  ago  have  been  added  in  italics. 

The  summary  which  heads  the  tabulation  of  separate  reports  is  cal- 
culated upon  the  basis  of  these  reports;  the  mileage  of  total  track, 
where  not  stated  in  the  reports,  has  been  based  upon  that  given  in 
Poor's  Manual  for  1888,  with  due  consideration  of  double  track  and 
sidings.  The  mileage  of  roads  reporting  refers  to  either  1888  or  1889, 
and  the  reports  themselves  cover  varying  periods  of  twelve  months 
during  this  period. 

Altogether,  approximations  only  can  be  expected  from  inquiries  of 
this  kind,  but  they  are  quite  sufficient  for  the  purposes  in  view. 

In  regard  to  the  summary,  the  following  remarks  are  in  place. 

The  number  of  ties  per  mile  in  track  has  been  ascertaincsd  by  multi- 
plying the  reported  mileage  of  each  road  by  the  number  of  ties  used 
for  each  mile  of  road,  adding  up  the  sums  thus  obtained  and  dividing 
by  the  total  mileage  reported  in  the  section.  From  this  the  total  number 
of  ties  in  track  appears  to  be  515,892,918. 

The  number  of  ties  used  for  renewal  is  evidently  an  understatement  of 
average  conditions,  since  this  would  make  the  average  life  of  ties  eight 
and  three  fourths  years,  which  it  is  impossible  to  believe.  It  is  likely 
that  in  many  cases  the  year  for  which  the  report  was  made  has  been 
one  in  which,  for  various  reasons,  less  replacement  has  been  effected 
than  usual  on  the  reporting  roads.  The  increased  new  mileage,  espe- 
cially of  Western  roads,  also  tends  to  make  the  proportionate  require- 
ment for  renewals  appear  less  than  it  is  in  reality.  By  taking  the  pro- 
portionate nnmber  of  ties  of  various  timbers  used  as  calculated  upon 
the  percentages  of  each  reported,  multiplying  this  by  the  average  life 
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for  each  kind  and  dividing  by  the  total  number  of  ties  laid  in  the  year  of 
the  report,  the  average  life  per  tie  would  come  to  G.O  years.  This  would 
bring  the  annual  average  requirement  for  renewal  to  round  80,000,000 
ties,  which  is  probably  nearer  the  truth  and  briugsthe  average  number 
of  ties  per  mile  needed  for  renewals  to  417,  or  15.5  per  cent,  of  ties  in 
track. 

One  of  the  roads  reporting  has  adopted  a  simple  method  of  ascer- 
taining the  durability  of  ties,  by  making  a  notch  on  the  face  of  the 
tie,  near  one  end.  on  placing  it  in  the  track,  and  adding  a  notch  each 
year  afterwards  while  it  remains  in  the  roadbed. 

The  cross-section  of  ties,  as  commonly  used  by  the  various  roads  (the 
-f  sign  in  the  tabulation  denoting  that  larger  cross-sections  are  also 
employed),  allows  a  ready  calculation  of  the  size  of  the  tie. 

There  is  a  wide  range  in  the  area  of  cross-sections,  extending  from 
36  to  90  inches,  making  a  variation  in  the  solid  contents  of  the  tie  from 
3.15  to  8.55  cubic  feet.  While  in  some  cases  the  larger  dimensions  in- 
diC/ate  inferior  timber,  in  many  cases  the  best  and  most  valuable  timber 
is  used  for  ties  of  the  largest  size. 

In  thickness,  6  inches  are  specified  commonly  by  the  roads  of  the 
New  England,  Central  Northern,  Nortliwestern,  and  Southwestern 
groups,  while  the  Middle  Atlantic,  South  Atlantic,  and,  to  some  extent, 
the  Central  Northern  and  Guif  groups  prefer  ties  7  inches  thick.  As  to 
width,  the  New  England  roads  demand  usually  an  average  of  6  inches, 
and  in  two  cases  only  5.  A  width  of  7  inches  is  called  for  in  all  the 
groups,  but  chiefly  by  the  Middle  Atlantic  and  Central  Northern.  Half 
the  call  for  ties  8  inches  in  width  is  from  the  Central  Northern  group, 
the  balance  mainly  from  southern  regions,  and  the  demand  for  a  width 
of  9  inches  is  mostly  from  the  South.  While,  no  doubt,  the  weight  of 
the  tie,  approximately  indicated  by  its  cross-section,  is  an  important 
factor  in  its  efficient  service,  it  is  questionable  whether  these  large  cross- 
sections  are  chosen  and  adjusted  with  this  demand  in  view.  Probably 
local  conditions,  which  allow  or  make  more  convenient  the  use  of  large 
dimensions  (as  from  the  virgin  forests  in  the  South),  dictate  these  speci- 
fications. 

There  is  great  diversity  in  the  dimensions  of  ties  used.  Of  the  roads 
reporting,  51,  or  62.5  per  cent,  of  all,  use  ties  8  feet  in  length,  and  10, 
or  a  little  more  than  12.5  per  cent.,  demand  ties  9  feet  long.  Ties  of  8 
feet  length  are  used  in  all  the  groups  except  the  Gulf  and  Middle  At- 
lantic. Ties  8J  feet  in  length  are  used  chiefly  in  the  Middle  Atlantic 
and  Central  Northern  groups,  while  those  9  feet  in  length  are  used 
almost  exusively  in  the  South  Atlantic  and  Gulf  groups. 
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REPORT 


ON  THE 


SUBSTITUTION  OF  METAL  FOR  WOOD  IN  RAILROAD  TIES, 


E.  E.  RUSSELL  TRATMAN,  G.  E. 


o» 


LETTER  OF  TRANSMITTAL. 


103  Tribune  BuiLDtNG, 

I^EW  York  City, 

January  31,  1890. 

SiE :  Herewith  I  submit  ray  final  report  upon  the  use  of  matal  track 
on  railways  as  a  substitute  for  wooden  ties. 

This  report  presents  at  considerable  length,  and  in  considerable  de- 
tsk\\  the  development  of  the  use  of  such  track  in  many  foreign  coun- 
tries, the  experience  thus  obtained  and  the  present  stat«  of  the  metal 
track  question.  The  bulk  of  the  information  has  been  obtained  from 
official  sources.  Foreign  railway  managements  as  a  rule  have  mani- 
fested great  courtesy  and  a  willingness  to  furnish  full  information  both 
in  regard  to  the  various  systems  of  track,  the  conditions  of  service,  and 
the  results  obtained.  In  order  to  show  the  thoroughness  of  my  inves- 
tigation, I  may  state  that  my  memoranda  show  personal  letters  of 
application  for  information  written  to  over  three  hundred  individuals, 
of  whom  about  two  hundred  have  replied.  A  large  number  of  the 
replies  have  been  very  full  and  complete,  and  have  been  accompanied  by 
drawings,  reports,  etc.  Many  of  these  returns  necessitated  further  cor- 
respondence, asking  for  missing  links  of  information,  more  complete 
data,  etc.,  or  sending  information  requested  by  the  persons  making  the 
returns.  The  total  of  the  direct  correspondence  has  amounted  to  about 
six  hundred  letters,  with  about  three  hundred  communications  received. 
These  figures  are  exclusive  of  requests  for  information  inchided  in  pri- 
vate or  general  business  correspondence.  Circulars  containing  a  re- 
quest for  information,  with  a  list  of  questions  showing  the  character  of 
the  information  desired,  have  been  sent  out  with  most  of  tlie  letters  of 
inquiry,  and  have  also  been  sent  to  many  of  the  foreign  technical  and 
engineering  papers.  A  cojiy  of  the  circular  is  appended.  In  all,  about 
five  hundred  of  these  circulars  have  been  sent  out.  Most  of  the  infor- 
mation obtained,  and  that  of  the  most  complete  and  valuable  character, 
has  been  received  in  answer  to  the  personal  letters  of  ai)plication  for 
information.  The  American  and  foreign  technical  and  engineering 
journals  have  been  studied  for  published  information  relating  to  the 
matters  under  investigation. 

The  report  presents  the  results  of  more  than  two  years  of  direct  work 

and  investigation  for  this  special  purpose,  but  the  subject  is  one  which 

has  occupied  my  attention  for  a  longer  time. 
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It  will  of  course  be  understood  tbat  the  rail  support  itself  can  not 
be  considered  indei>eudently,  and  tlierefore  detailed  information  is  pre- 
sented in  regard  to  conditions  of  track,  traflic,  ami  rolling  stock,  all  of 
whicb  conditions  bave  an  important  bearing  upon  the  general  question 
of  the  substitution  of  metal  for  wooden  supports  for  the  rail. 

The  report  covers,  as  will  be  seen  by  the  tabular  summary  accompa- 
nying it,  nearly  25,000  miles  of  railway  laid  with  metal  track,  out  of  a 
total  mileage  of  the  world  (exclusive  of  the  United  States  and  Canada) 
of  187,721  miles,  or  a  relation  of  13.21  per  cent,  to  .this  total  mileage. 
Allowing  for  omissions  (whicb  will  necessarily  occur  in  a  work  of  this 
extent),  incomplete  returns,  figures  not  brought  up  to  recent  date,  etc., 
there  is  probably  a  total  length  of  about  30,000  miles  of  railway  having 
metal  track,  or  a  relation  of  nearly  16  per  cent,  to  the  total  mileage  of 
the  world  (exclusive  of  the  United  States  and  Canada).  These  few 
figures  show  at  a  glance  the  great  importance  of  the  subject  considered 
in  this  report,  and  show  also  that  in  other  countries  the  subject  has 
long  ago  passed  the  experimental  stage  in  whicb  it  still  rests  in  tbis 
country.  The  first  part  of  the  report  is  devoted  to  details,  descriptions, 
and  statistics  relating  to  the  several  railways,  and  this  matter  is  -com- 
I>iled  mainly  from  official  returns  and  statements.  The  second  part  of 
the  report  consists  of  a  general  review  of  the  subject,  and  a  summary 
of  tbe  information  on  several  points. 

I  am  particularly  pleased  to  be  able  to  show  in  this  report  that  in  the 
United  States  tbe  subject  is  now  receiving  much  attention  by  railway 
men,  and  that  practical  tests  on  a  scale  sufliciently  large  to  enable 
definite  conclusions  to  be  made  and  opinions  to  be  formed  are  now  in 
progress  in  this  country.  Valuable  results  may  be  expected  from  these 
trials,  and  they  will  certainly  tend  to  increase  to  a  considerable,  extent 
the  general  interest  which  is  felt  by  railway  men  in  this  subject.  It 
is  to  be  hoped  that  the  results  will  be  such  as  to  lead  to  an  extensive 
introduction  of  tested  and  approved  forms  of  ties.  It  may  be  taken  for 
granted  that  tbe  tie  adopted  will  be  an  American  production  and  not 
an  importation. 

It  is  the  object  of  this  report  to  bring  the  matter  clearly  and  fully  be- 
fore the  practical  railway  men  and  railway  financiers.  It  will,  I  think,, 
sbow  that  the  use  of  metal  ties  is  not  only  in  the  interest  of  forestry  and 
the  preservation  of  the  timber  resources  of  the  country,  but  is  also  in 
the  interest  of  tbe  railways  by  reason  of  the  reduction  in  maintenance 
expenses  and  the  increased  safety  in  operation.  The  introduction  of 
metal  ties  will  therefore  be  for  the  benefit  of  the  forests,  the  railway 
companies,  and  the  public. 

1  am,  sir,  respectfully  yours, 

E.  E.  Russell  Tratman, 

Jun.  Am.  Soc.  C.  E. 

B.  E.  Fernow,  Esq., 

Chief  of  Forentry  Division,  Department  of  Agriculture, 

Washington,  D.  C. 


CIRCULAR. 


The  following  circular  was  addressed  to  miiuerous  railway  companies, 
managers,  and  engineers  in  foreign  countries,  and  also  to  manufacturers 
and  others  possessing  information  upon,  or  likely  to  be  interested  in, 
the  subiect  of  metal  track  for  railways. 

METAL  TRACK  FOR  RAILWAYS. 
The  iufoniiation  outlined  below  is  desired  for  the  purpose  of  a  report  to  the  U.  S. 
Department  of  Agriculture  on  the  use  of  metal  ties  (sleepers)  for  railway  tracks,  and 
it  is  requested  as  a  favor  that  all  information  furnished  should  be  as  complete  as 
possible  and  sent  at  the  earliest  possible  convenieuce. 

Respectfully, 

E.  E.  Russell  Tratman,  C.  E., 
103  Tribune  Building,  New  York  City,  V.  S.  America. 

INFORMATION. 

Tie  (sleeper) — Continued. 

22.  Durability. 
Track : 

23.  Material  of  ballast. 

24.  Behavior  of  ballast  under  sleeper. 

25.  Construction  of  road-bed.  (Draw- 
ing.) 

26.  Section  and  weight  of  rail. 

27.  Rail  joints;  how  made. 

28.  Rail  joints ;  on  sleeper  or  sus- 
pended. 

29.  Reasons  for  adopting  metal  sleep- 
ers. 

30.  General  results;  satisfactory  or 
otherwise. 

31.  Is  there  trouble  with  maintenance 
of  track  ? 

32.  Is  there  trouble  with  rail  attach- 
ments? 

33.  Is  there  trouble  from  breakages; 
how  and  where  do  they  usually 
occur  1 

34  Efficiency,  etc.,  as  compared  with 
woo<len  sleepers. 

35.  Cost,  material,  and  durability  of 
wooden  sleepers. 

36.  Climate,  and  eft'ect  of  same  on 
metal  or  wooden  sleepers. 

37.  General  remarks. 

38.  Opinions. 


Railway : 

1.  Name. 

2.  Route. 

3.  Length  of  lines  laid  with  metal 

ties  (sleepers). 

4.  Character  of  same.     (Particulars 

of  grades,  curves,  etc.) 

5.  Dates  when  laid. 

6.  Engineer  in  charge. 

7.  Character  of  traffic. 

8.  Weight  of  locomotivesand  weight 

on  di"ivtug  wheels. 
Tie  (sleeper) : 

9.  Longitudiii.'il,  transverse,  or  bowl. 

10.  General  form. 

11.  Dimensions,  including  thickness. 

(Figured  drawings.) 

12.  Weight. 

13.  Material.  • 

14.  Spacing,  center  to  center. 

15.  How  treated.     (Paint,   anti-rust 

process,  etc.) 

16.  Manufacturer. 

17.  First  cost,  at  factor^'  or  delivered. 
IH,  Expense  of  maintenance. 

19.  Attacbmoiit  of  rails.   (Details  and 

drawings.) 

20.  Arrangements  for  curves. 

21.  Tie-rods ;  if  used,  how  attached 


and  adjusted  for  gauge. 

NoTB. — The  writer  of  this  report  will  be  pleased  to  be  notified  of  any  omibsions  or 
corrections,  and  to  receive  additional  information,  with  drawings,  reports,  statistics, 
or  other  matter  relating  in  any  way  to  the  general  subject  of  this  report.  He  will 
also  be  pleased  to  have  corres*p<mdence  with  persons  interested  in  the  subject.  All 
communicatiuns  should  be  addressed  to— £.  E.  Russell  Tratman,  C.  £.,  Room  103, 
Tribune  Building,  New  York  Citv,  U.  S.  America. 
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ERRATA. 

Note. — Owing  to  the  clepartnre  of  Mr.  Tratman  for  England  before  the  report  on 
Metal  Track  could  be  put  into  print,  the  proof-reading  and  the  making  of  the  index 
devolved  upon  the  undersigned,  both  of  which  tasks  have  been  very  difficult  on 
account  of  the  exceedingly  technical  character  of  the  report.  There  may  be  found, 
therefore,  in  addition  to  the  errata  below,  others  that  have  been  overlooked,  and  the 
index  may  not  prove  so  valuable  as  the  author  himself  could  have  made  it ;  any 
deficiencies  in  these  respects  the  reader  is  asked  to  excuse  and  emend. 

B.  E.  Fernow. 

Page  29,  line  16  from  top,  read  "  Torley  "  for  "  Tooley." 

Page  59,  line  6  from  top,  read  "designed  "  for  "  describes." 

Page  59,  line  12  from  bottom,  read  "  Greaves  "  for  "  Graves." 

Page  65,  after  line  8  from  bottom,  add  "  some  of  the  earlier  Webb  ties  were  made 
with  closed  ends." 

Page  69,  line  24  from  bottom,  the  paragraph  beginning  "The  track  of  this  road" 
should  have  been  set  in  the  larger  type,  as  it  is  not  a  part  of  the  letter  quoted  in  the 
two  paragraphs  preceding. 

Page  70,  after  line  16  from  top,  add  "  Steel  ties  are  said  to  be  laid  on  the  Harrow 
extension." 

Page  70,  line  24,  beginning  at  "As  regards  maintenance"  the  remainder  of  the 
paragraph  should  have  been  set  in  the  larger  type,  as  it  is  not  a  part  of  the  letter 
quoted  immediately  above. 

Page  70,  after  line  3  from  bottom,  add  "  These  ties  are  still  in  use." 

Page  78,  line  15  from  bottom,  read  "  had  "  for  "  have." 

Page  86,  line  7  from  bottom,  read  "  Fraisant"  for  "  Fraisans." 

Page  89,  line  2  from  top,  read  "  designed  by  the  engineers  of  the  company"  instead 
of  "  invented." 

Page  91,  line  13  from  top,  read  "  Contamin  "  for  "  Contannin." 

Page  92,  line  2  from  bottom,  read  "  cotter  "  for  "  cotler." 

Page  95,  line  5  from  top ;  page  136,  line  14  from  top ;  page  145,  line  13  from  top  and 
line  16  from  bottom,  read  "Hoesch"  for  "Hosch." 

Page  98,  line  14  from  top,  and  page  101,  line  17  from  bottom,  f\  should  be  used 
instead  of  ^. 

Page  117,  line  1  from  top,  "  |  beam  "  should  read  "  I-beam.*^ 

Page  166,  line  9  from  bottom,  "  28  inch  thick"  should  read  ".28  inch  thick  "  and 
"36  inch  thick"  should  read  ".36  inch  thick." 

Page  181,  line  7  from  bottom,  "  34  miles  "  should  read  "  30  miles." 

Page  181,  line  2  from  bottom,  "  vertical  1  inch  "  should  read  "  vertical  for  1  iuch." 

Page  188,  drop  all  Notes  from  "Being  relaid,  etc."  to  Note :  " Ties  in  good  condi- 
tion," each  one  line.  "Buckled  steel"  refers  to  Steel  Ties  only;  "5  miles,  etc.," 
refers  to  Vautherin  ties  only. 

Page  205,  line  19  from  top,  "  for  "  should  read  "  from." 

Page 205,  line  19,  "The  ties  were  made  for  plates"  should  read  "The  ties  were 
made  from  plates." 

Page  248,  line  6,  "  40a')  miles  "  should  read  "  4.085  miles." 

Page 2.56,  line  14,  "rig"  should  read  "rib." 

Page  262,  line  1,  "  put  up  down  "  should  read  "  put  down." 

Page  263,  line  23  from  ton,  "  Cardova"  should  read  "  ('ordova." 

Page  286,  line  19  from  bottom,  the  brace  used  should  have  been  as  follows^  ■        ^  \ 

Page  318,  "  standard  "  should  read  "  Standard." 

Page  325,  line  9  from  top,  for  "  railways  will "  read  ''  railway  ties  will." 

Plate  VIII,  first  tie  marked  O  should  bear  name  "  Cosijns  type." 
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USE  OF  METAL  TIES  ON  RAILWAYS  IN  FOREIGN  COUNTRIES 
AND  IN  THE  UNITED  STATES. 


Section  1.— EUROPE. 

ENGIjAND. 

General  Remarks. — The  idea  of  using  metal  supports  for  railway 
rails  was  considered  in  the  early  days  of  railways.  Mr.  K.  M.  Stephen- 
son, in  his  "Rudimentary  Treatise  on  Railways,"  published  in  London 
in  1850,  describes  the  five  systems  mentioned  in  the  following  para- 
graph : 

Mr.  Barlow  describes  a  cast-iron  combined  longitudinal  and  chair 
which  was  tried  on  the  Southeastern  Railway.  Each  longitudinal 
stringer  was  in  two  pieces,  with  one  side  of  the  rail  chair  upon  each 
piece;  when  put  together,  with  the  rail  in  place,  a  bolt  (or  two  bolts  at 
the  joint  chairs),  was  passed  through  the  lower  part  of  each  chair,  under 
the  rail,  holding  the  two  pieces  together.  No  transverse  connections 
are  mentioned  or  illustrated,  but  presumably  tie-rods  or  bars  were  used. 
Mr.  W.  Brunton's  track  was  very  similar,  but  had  a  deeper  web  along 
the  under  side  of  the  longitudinal,  and  the  top  instead  of  being  longi- 
tudinal sloped  upwards  from  the  middle,  forminga  wideshallow  V  trough, 
with  the  rail  along  the  middle.  Mr.  Graves'  system  consisted  of  two 
Jtiollow  cast-iron  bowls  in  the  shape  of  the  frustum  of  a  cone  and  con- 
nected by  two  tie-rods,  one  at  the  top  and  the  other  at  the  bottom  of  the 
bowls.  A  rail  chair  was  cast  on  the  top  of  each  bowl,  and  the  rails  were 
keyed  in  the  chairs  in  the  usual  way.  Mr.  W.  II.  Barlow  patented  a 
track  with  cross-ties  bent  up  at  the  rail  seats  to  tit  the  wide  flanges  of 
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tlie  Barlow  bridge  rail ;  another  plaa  was  to  have  a  bridge  rail  bolted 
to  a  plate  bent  to  the  required  form,  and  all  bolted  to  the  tie.  Mr. 
Macdonald  Stephenson's  system  consisted  of  kite-shaped  plates  of  boiler 
iron  one-half  or  five-eighths  of  an  inch  thick,  with  both  ends  turned  up 
and  notched  to  receive  the  rail.  The  rail  joints  were  secured  by  a  taper 
wedge  or  key  driven  between  the  rail  and  the  side  of  the  notch  in  the 
plate.  The  plates  formed  a  continuous  bed  under  each  rail,  and  were 
connected  at  the  rail  joints  by  transverse  tie-rods. 

About  1853  iron  longitudinals  on  the  Macdonnell  system  were  laid 
under  the  Brunei  rails  of  bridge  section  on  the  Bristol  and  Exeter 
Railway  (now  a  part  of  the  Great  Western  Railway  system),  and  in  1886 
were  reported  by  Mr.  Walter  Browne  to  be  still  in  good  condition. 
They  were  all  out  of  the  main  track,  however,  in  1888.  (See  Great 
Western  Railway.)  Cast-iron  bowls  had  been  tried,  experimentally,  pre- 
vious to  1877  on  the  Great  Northern  Railway  and  other  lines  running 
out  from  London.  Within  the  present  decade  steel  cross-ties  have  been 
tried  on  a  number  of  roads,  generally  in  connection  with  the  standard 
English  system  of  double-headed  or  bull-headed  rails  in  chairs.  No 
railway  has  really  adopted  steel  ties,  but  Mr.  Webb,  of  the  London  and 
Northwestern  Railway,  has  laid  down  about  56  miles  of  his  system  at  dif- 
ferent parts  of  the  line,  and  a  few  trial  lots  of  the  same  system  have  been 
tried  on  other  main  lines,  but  only  for  experiment.  A  steel  cross-tie  with 
heavy  steel  rails  of  flange  section  is  being  tried  on  the  Northeastern  Rail- 
way, and  this  experiment  is  of  special  interest,  as  the  type  of  track  is 
similar  to  that  which  would  probably  be  used  in  this  country  should 
steel  ties  be  introduced,  and  as  it  is  under  severe  conditions  of  traflSc 
its  behavior  will  be  some  guide  for  American  railway  engineers.  An 
English  engineer  writing  to  me  in  December,  1888,  on  this  subject,  made 
the  following  remarks : 

The  chief  difficulty  is  iu  the  adaptatioa  of  the  steel  sleepers  [ties]  to  the  double- 
headed  rail,  as  it  does  not  make  a  good  job,  although  perhaps  Mr,  Webb  would  say 
to  the  contrary.  The  steel  sleeper  is  essentially  a  sleeper  for  flat-bottomed  [flauge] 
rails,  and  until  our  railway  companies  Ulter  their  rails  I  do  not  think  steel  sleepers 
will  come  into  general  use.  The  Nc/ttheasteru  Railway  Company  is  now  trying  3  or  4 
miles  with  a  flat-bottomed  rail  ou  a  steel  sleeper,  and  there  appears  some  promise  iu 
this,  but  it  will  take  years  to  convert  English  engineers  to  the  steel  sleeper  ;  there 
are  some  conditions  of  traffic  opposed  to  it,  as  well  as  the  satisfactory  experience 
with  our  present  system. 

With  the  English  system  of  track,  the  rails  are  supported  in  cast-iron 
chairs,  weighing  from  20  to  56  pounds  each,  placed  one  at  each  end  of 
every  tie,  and  this  practice  tends  to  reduce  very  greatly  any  cutting  of 
the  tie,  as  the  weight  coming  upon  the  rail  is  distributed  over  an  area 
of  about  7  by  12  inches,  or  7  by  15  inches,  so  that  the  ties  can  be  counted 
upon  to  last  out  their  natural  life ;  while  in  this  country  the  flange  of 
the  rail,  4  to  5  inches  wide,  cuts  into  the  ties,  so  that  they  have  often  to 
be  taken  out  before  decay  has  commenced.  It  may  be  mentioned,  how- 
ever, that  metal  tie-plates  are  now  being  introduced  here  to  reduce  this 
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cuttiug  of  ties.  English  track,  therefore,  with  preserved  ties  and  a 
broad  siurace  to  carr^-  tlie  loading,  is  very  econotnical  in  niaintenauce, 
and  Mr.  (Jwen,  the  engineer  of  the  Great  Western  Railway,  stated  in 
September,  1889,  that  as  long  as  creosoted  timber  ties  can  be  obtained 
at  anything  like  the  present  prices,  there  is  uo  probability  of  metal  ties 
being  generally  adopted  ou  English  railways.  The  life  of  wooden  ties 
used  in  England  is  estimated  at  from  eight  to  thirty  years.  Descrip- 
tions and  illustrations  of  the  track  on  different  roads  may  be  found  in 
my  paper  on  "  English  Railway  Track"  (Transactions  of  the  American 
Society  of  Civil  Engineers,  New  York.    June,  1888). 

The  manufacture  of  metal  ties  is  a  very  large  industry  and  is  carried 
on  by  a  number  of  the  most  imj)ortant  steel  works  and  foundries.  Up 
to  1888  about  525,000  tons  of  steel  ties  had  been  manufactured,  and 
about  70,000  or  80,000  tons  have  been  turned  out  since ;  most  of  these 
are  for  India,  with  a  few  hundred  tons  for  railways  at  home  and  in 
other  countries.  Very  large  quantities  of  cast-iron  ties  have  also  been 
manufactured  for  export,  principally  plates  and  bowls  for  India  and 
bowls  for  South  America.  Up  to  June,  1888,  about  2,000,000  pairs  of 
plates  for  double-headed  rails  and  600,000  pairs  of  plates  for  flange 
rails,  had  been  supplied  for  railways  in  India. 

Northeastern  Railway. — Some  years  ago  several  steel  ties  of 
the  type  designed  by  Mr.  Charles  Wood,  of  Middlesborough,  were 
tried  for  about  two  and  a  half  years,  under  the  supervision  of  Mr.  Cud- 
worth,  the  engineer.  It  is  stated  that  the  results  were  not  very  satis- 
factory, as  the  ties  cracked  where  piorced  for  the  fastenings,  and  the 
fastenings  themselves  were  very  liable  to  wear.  (See  Wood's  Ties.)  I 
was  informed  in  July,  1889,  that  they  had  all  been  taken  out  some  time 
since.  The  ties  were  of  in  verted- trough  section ;  the  fastenings  con- 
sisted of  a  crescent-shaped  piece  of  steel,  with  the  ends  projecting  up 
through  holes  in  the  tie:  one  end  was  shaped  to  hohl  the  rail-flange 
a^^d  the  other  end  extended  nearly  to  the  height  of  the  rail-head,  a 
wooden  key  being  driven  between  it  and  the  web  of  the  rail-  Some  steel 
ties  of  the  type  designed  by  Mr.  Webb,  of  the  London  and  Northwestern 
Railway,  have  been  in  service  on  the  Stockton  and  Darlington  section, 
and  on  a  piece  of  track  north  of  F»'rryhill.  In  July,  1889,  they  had  been 
in  service  about  four  and  a  half  years,  and  had  given  satisfactory  re- 
sults, but  having  riveted  jaws  or  chairs  they  were  of  course  expensive. 

In  1887  an  experiment  was  begun  with  some  steel  ties  designed  by 
Mr.  Cabry,  the  chief  engineer,  and  Mr.  Kinch,  one  of  the  resident 
ipngiueers.  (See  Plato  No.  1.)  About  10,000  of  these  ties  are  now  in 
service  on  the  Central  Division,  and  on  the  main  line  on  the  Northern 
and  Southern  Divisions,  where  the  traffic  is  heaviest  and  where  the 
trains  run  at  the  highest  speeds.  Under  these  conditions  they  have 
given  such  excellent  results  that  in  July,  1889,  the  directors  of  the 
company,  so  I  am  informed,  ordered  a  further  supply.  One  of  the  most 
noticeable  features  of  this  track  is,  that  steel  flange  rails,  weighing  91 
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pounds  per  yard,  are  used  iustead  of  the  double-headed  or  bull-headed 
rails  g:enerally  used  on  English  railways.  The  tie  is  stamped  out  of  a 
steel  plate  aud  is  of  inverted  trough  section  with  a  very  narrow  flange 
or  rib  on  the  lower  edges,  bein^  a  modification  of  the  Yautherln  type 
of  tie.  The  ends  are  open.  It  is  8  feet  long,  8  inches  wide  on  top,  3^ 
inches  deep,  and  12  inches  wide  at  the  bottom.  It  is  of  uniform  section 
throughout,  with  a  uniform  thickness  of  three-eighths  of  an  inch.  Its 
weight  is  150  pounds.  In  the  operation  of  stamping,  tbe  part  under 
each  rail  is  pressed  up  at  an  angle  to  give  the  rail  the  usual  inward 
inclination  of  1  in  20.  At  the  same  operation  four  pieces  are  pressed 
up  out  of  the  metal  at  each  rail  seat ;  three  of  these  are  on  the  outside 
of  the  rail,  oue  forming  a  clip  or  jaw  to  hold  the  rail-llange,  the  other 
two  being  studs  against  which  the  rail-flange  abuts  and  which  keep  the 
gauge  exact ;  the  fourth  projection  forms  a  jaw  to  hold  the  inner  flange 
of  the  rail.  The  jaw  on  the  outer  side  is  2^  inches  wide  and  bears  five- 
eighths  of  an  inch  in  upon  the  rail-flange;  the  jaw  on  the  inner  side  is 
3|  inches  wide  and  projects  about  three-eighths  of  an  inch  over  the  rail- 
flange  but  does  not  touch  it,  leaving  space  for  the  steel  wedge  or  key 
to  be  driven  tightly  between  the  jaw  and  the  rail-flange.  The  keys  are 
tapering,  8  inches  long,  are  split  at  the  smaller  end,  and  weigh  1^ 
pounds  each.  In  the  track  the  ties  are  spaced  eleven  to  a  rail  length 
of  30  feet,  averaging  2  feet  8|  inches  from  center  to  center.  It  is  said 
that  they  compare  favorably  in  cost  with  the  present  system  of  wooden 
ties  and  cast-iron  cl.airs,  and  it  is  expected  that  by  their  use  the  cost 
of  maintenance  of  the  track  will  be  materially  reduced.  In  July,  1889, 
they  had  been  in  service  for  eighteen  months,  and  had  given  very  satis- 
factory results.  Their  maintenance  had  given  no  trouble,  and  the  cost 
of  maintenance  was  as  nearly  as  possible  the  same  as  that  of  track  on 
wooden  ties.  The  ties  are  manufactured  by  Messrs.  Bolckow  &  Vaughan, 
of  Middlesborough,  and  some  of  them  have  been  sent  to  Italy  to  be  tried 
as  an  experiment.  They  were  patented  in  the  United  States,  Novemb* 
13, 1888  (No.  392,849). 

The  rails  are  of  flange  section,  weighing  91  pounds  per  yard ;  they 
are  5J  inches  high  with  a  flange  5J  inches  wide  and  a  head  2^g  inches 
wide.  To  put  a  rail  in  position  it  is  tilted  slightly  and  the  inner  side  of 
the  flange  slipped  under  the  inner  jaw,  sufficient  space  being  then  al- 
lowed for  the  outer  side  of  the  flange  to  clear  the  outer  jaw  ;  when  on 
its  seat  the  rail  is  slid  under  the  outer  jaw  and  the  key  driven  on  the 
inner  side  of  the  rail.  As  the  rail-flange  is  overlapped  by  both  jaws,  it 
cannot  be  forced  out  of  them  by  the  side  pressure  of  the  wheels  of 
trains  even  if  the  keys  are  displaced,  though  it  might  be  tilted  over  a 
little.  The  heaviest  engines  in  use  are  tank  engines,  with  a  wheel-base 
of  22  feet  6  inches  j  they  weigh  55f  gross  tons  and  have  16|  tons  on  the 
driving-wheels. 
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The  following  tables,  prepared  by  Mr.  Cabry,  the  chief  engineer,  and 
Mr.  Worsdell,  the  locomotive  superintendent,  in  December,  1888,  show 
the  cost  of  the  track  with  flange  rails  on  steel  ties  and  the  cost  of  the 
ordinary  track  laid  with  bull-headed  rails  in  cast-iron  chairs  on  wooden 
ties.  Both  are  exclusive  of  ballast.  I  have  reduced  the  figures  to 
American  money. 

Statement  of  cost  of  1  mile  of  single  track  on  steel  ties. 


Materials. 


Steel  flange  raila,  90  pouuds  per  j-ard. 

Fish-plates,  13  pounds  each 

FiHh-bolts  and  nuts,  H  pounds  each. . 


Steel  ties,  150  pounds  each  . 
Steel  keys,  IJ  pouuds  each 


Carriage  of  materials 

Storage  and  incidental  expenses 

Use  of  locomotive   in  distributing   materials  on 

the  Hue,  at,  say  $75  per  mile 

Labor  of  laying,  cubic  yards 


Cost  per  mile. 


Nnmbers. 


704 
1,408 


1,936 
3,872 


1,760 


Weight 


Bate.  I  Amount. 


Tons.  Lbn. 

lil        9eo  $19.37J 

4        1!)2  28. 75 

2,112  41.92 


129  1,440 

2  1,328 

274  1, 860 

274  1,860 


23.75 
55.00 


1.25 
.25- 


.25 


|!2,740. 18 
117.46 
39.61 


3, 079. 00 
142. 60 


343. 53 
68.71 


75.00 
440. 00 


Total. 


$2, 897. 25 
3,221.60 

927.  2t 


7,  046. 09 


Statement  of  cost  of  1  mile  of  single  track  on  wooden  ties. 


Steel  bull-headed  rails,  90  pounds  per  yard. . . 

Fisli-plates,  13  pouuds  each 

Fish-bolts  and  nuts,  IJ  pounds  each 


Chairs,  40  pouuds  each  . 

Ke^vs • 

Spikes,  22  ounces  each  . 
Creosoted  wood  ties.... 


Carriage  of  materials - 

Storage  and  incidental  expenses 

Use  of  locomotive  in  distributing  materials  on  the 

line,  at,  say  $75  per  mile  

Labor  of  laying,  cubic  yards 


Cost  per  mile . 


704 

1,408 

3,872 

3,872 

11,616 

1.936 


1,760 


141      960   $19. 37^ 
4      192     28. 7r 
2,112     41.92 


69      320 


292 


352      836 
352      836 


13. 12  J 
9. 37  J 
33.61 
.62i 

1.25 
.25 


.25 


$2,  740. 18 
117.46 
39.61 


907.  50 

30. 30 

239.  65 

1,  210. 00 


440.  46 
88.11 


75.00 
440.00 


$2, 897. 25 


2,393.45 


1,  043. 57 


6, 334.  27 


SUMMARY  OF  STATEMENTS  OF  COST. 


('ost  per  rail  length,  30  feet, 
'.lost  per  yard 


Track  on  — 


Steel  ties.     TVooden  ties. 


^0.03 
4.00 


$35.08 
3.50 


Difference. 


$4- OS 
.41 
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London  and  Northwestern  Railway. — Experiments  with  steel 
ties  have  been  made  on  this  road  during  over  nine  years  and  on  a  fairly 
large  scale.    Particulars  of  the  experiments  have  been  published  from 
time  to  time,  and  the  trials  are  given  considerable  prominence  in  dis- 
cussions on  matters  relating  to  metal  track.    The  ties  are  of  a  form 
designed  by  Mr.  F.  W.  Webb,  the  mechanical  superintendent  of  the 
line;    they  are  of  the  familiar  inverted-trough   section,  with  small 
flanges  on  the  bottom  edges,  and  are  of  uniform  section  and  thickness; 
they  are  a  modification  of  the  well-known  Vautherin  type.    (See  Plate 
No.  2.)    They  were  first  laid  in  August,  1880 ;  in  1885  there  were  32,174 
in  service;  in  June,  1886,  there  were  55,000  in  use  on  this  road  in  addi- 
tion to  trial  lengths  on  other  English  lines;  in  1888  there  were  83,204  of 
these  ties  in  service,  and  the  road  had  between  20  and  30  miles  of  track 
laid  with  them ;  in  November,  1889,  Mr.  Webb  stated  that  there  were 
then  56  miles  of  track  and  about  100,085  ties  in  use.    They  are  of  rolled 
steel,  five-sixteenths  of  an  inch  thick;  length,  9  feet;  width  on  top,  6 
inches;  width  at  bottom,  11  inches;  depth,  2^   inches;  weight,  136 
pounds  each.    The  rails  are  of  bull-headed  section  weighing  84  and  90 
pounds  per  yard',  the  latter  being  now  the  standard  rail.    The  chairs, 
instead  of  being  of  cast-iron,  are  made  of  three  pieces  of  steel,  rolled  and 
stnmped  to  shape  from  plates  one-half  an  inch  thick  made  from  the 
crop  ends  of  rails;  one  piece  forms  a  tie-plate  15  by  6  inches,  five-six- 
teenths of  an  inch  thick,  with  the  middle  part  bent  to  fit  the  bottom 
of  the  rail  and  give  the  inclination  of  1  in  20 ;  the  other  pieces  are  one- 
half  an  inch  thick  and  form  angle  brackets,  the  inner  one  fitting  the 
web  and  lower  head  of  the  rail,  and  the  outer  one  being  placed  so  as 
to  allow  of  a  wooden  or  steel  key  being  driven  between  it  and  the  web 
of  the  rail.    The  steel  key  has  a  projection  which  fits  into  a  vertical 
groove  in  the  chair,  so  that  it  cannot  work  loose.    A  liner  of  brown 
})aper  or  canvas  soaked  in  tar  is  sometimes  interposed,  between  the 
angle-pieces  and  the  tie-plate  and  between  the  tie-plate  and  tie.    The 
chairs  are  fastened  to  the  tie  by  six  three-quarter  inch  rivets,  three  on 
each  side  of  the  rail,  passing  through  the  angle-pieces,  tie-plate,  and 
tie;  the  rivet-holes  are  punched  in  a  hydraulic  press.    The  ties  and 
chairs  are  made  and  fitted  complete  at  the  railway  company's  works  at 
Orewe,  and  the  cost  is  said  to  compare  favorably  with  that  of  the  ordi- 
nary system  of  cast-iron  chairs  weighing  45  pounds  each,  spiked  and 
screwed  to  wooden  ties  10  by  5  inches.    This  may  be  so  in  this  case, 
where  everything  is  done  in  the  company's  shops,  and  where  the  ordi- 
nary track  is  of  an  expensive  character,  but  if  made  under  contract 
for  orders,  the  amount  of  shop-work  required  would  probably  make  the 
finished  tie  very  expensive. 

With  these  steel  ties  the  distance  from  the  bottom  of  the  tie  to  the 
top  of  the  rail  is  8^^  inches,  while  with  the  wooden  tie  it  is  12^  inches. 
The  ties  are  covered  with  ballast,  which  is  brought  nearh'  up  to  the  level 
of  the  top  of  the  rail  head  on  the  outside  of  the  track  and  between  the 
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rails  it  is  about  2  iuclies  below  the  top  of  tbe  rail  bead.  It  bas  been 
said  tbat  tbe  ballast  would  be  less  attected  by  frost  at  a  deptb  of  5 
iucbes,  wbere  tbe  wooden  ties  rest,  tbau  at  2^  incbes  wbere  tbe  steel 
ties  rest ;  but  tbis  is  probably  of  little  practical  accoiHit.  Tbe  reduced 
deptb  of  tbe  tie  of  course  effects  a  savinj;-  in  tbe  quantity  of  ballast. 
Tbe  ties  are  spaced  3  feet  apart  center  to  center. 

Tbe  following  is  a  comparison  of  tbe  two  systems,  column  A  being 
for  track  on  steel  ties  and  column  B  for  track  on  wooden  ties: 
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Ties: 

Length feet.. 

Breadth inches.. 

Depth do 

Thickness do 

Chairs : 

Length  of  bearing  on  tie ,  ..inches.. 

Width  of  bearing  on  tie do 

A  rea  of  beiiriug  on  tie square  Inches . . 

Weight  of  one  tie  complete; 

Two  chairs  pounds.. 

Fastenings,  liners,  etc do 

One  tie .■ do 

Total do....j  184    I    242 

Tbe  ends  of  tbe  ties  are  open,  but  it  is  churned  tbat  no  trouble  bas 
been  experienced  from  lateral  motion  or  sbiftingof  tbe  track  wben  prop- 
erly ballasted,  althougb  some  have  been  in  use  in  tbe  South  Wales 
district  on  curves  of  660  feet  radius  on  a  grade  of  1  in  38. 

It  is  not  stated,  however,  whether  the  entire  curve  was  laid  with  these 
ties  or  whether  only  a  few  were  laid  for  trial.  In  the  latter  case  there 
might  have  been  suflBciint  wooden  ties  to  bold  tbe  track  in  place.  Con- 
sidering that  wooden  ties  are  found  to  shift  in  the  track  in  some  places, 
it  seems  only  reasonable  to  provide  at  least  as  much  end  bearing  or 
area  for  metal  ties  as  for  wooden  ties,  especially  on  lines  where  there 
are  many  curves.  Mr.  Bricka,  engineer-in  chief  of  the  French  state 
railways,  in  his  report  on  metal  track,  made  to  tbe  minister  of  public 
works  in  1886,  attributes  this  freedom  from  lateral  motion  to  the  rigid- 
ity of  tbe  heavy  rails,  to  the  sligbt  lateral  phiy  of  the  cars,  and  to  tbe 
use  of  locomotives  with  inside  cylinders  and  running  gear.  He  saw  tbe 
ties  in  use  on  tangents  and  flat  curves,  but  thought  they  would  shift  on 
sharp  curves.  In  view  of  extensive  experience  on  other  lines,  he  con- 
sideretl  that  the  ends  of  metal  ties  should  be  closed.  This  is  tbe  gen- 
erally accepte«l  conclusion. 

The  traflftc  is  very  heavy  as  regards  the  number  and  speed  of  trains. 
The  heaviest  main-line  engine  weighs  95,200  pounds,  on  six  w'heels,  and 
the  heaviest  load  on  any  one  pair  of  driving-wheels  is  33,600  pounds. 
Mr.  Bricka,  in  the  report  above  mentioned,  refers  to  this  heavy  traffic, 
and  states  that  on  one  section  there  were  twenty- four  express  trains 
per  day,  often  running  at  nearly  60  miles  an  hour,  besides  numerous 
freight- trains.  He  says  the  ties  were  first  made  of  wrougbt-iron,  but 
22893— BuU.  4 5 
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later  of  Bessemer  steel  Don -dephosphorized.  Some  ties  of  harder 
Bessemer  steel,  made  by  the  acid  process,  cracked  through  the  rivet 
holes  and  some  of  the  steel-plate  cliairs  also  cracked  through  the  holes. 
Some  cast-irou  chairs  had  also  been  tried.  There  were  in  service  at 
the  time  of  his  visit  30,000  ties,  of  which  18,000  were  in  the  main  track. 
He  gives  the  cost  of  a  steel  tie  as  $2.50  and  of  a  creosoted  x)iue  tie 
$2.10,  including  chairs  and  spikes  complete.  The  steel  ties  are  dipped 
hot  in  tar  and  then  iu  sand,  lo  increase  the  adhesion  in  the  ballast. 
Nevertheless  considerable  trouble  was  experienced  from  rusting,  which 
Mr.  Bricka  attributes  to  the  use  of  slag  and  cinders  for  ballast.  The 
sulphur,  being  kept  damp  by  the  ylimate,  produces  a  chemical  action 
similar  to  that  observed  in  tunnels.  In  Ilolland  and  Belgium,  however, 
no  trouble  has  been  experienced  from  rusting,  even  in  cinder  ballast. 

These  ties,  with  the  English  rails  and  chairs  complete,  have  been 
tried  experimentally  in  this  country  on  the  Pennsylvania  Eailroad. 

Midland  Railway. — In  1885,  250  tons  of  steel  ties  were  rolled  by 
the  Cockerill  Works,  in  Belgium,  for  this  line.  (See  plate  No.  3.) 
These  ties  were  designed  by  Mr.  A.  Langley,  chief  engineer  of  the  road, 
who  has  stated  that  they  answer  very  well,  but  that  the  cost  as  com- 
pared with  that  of  wooden  ties  is  against  them.  In  July,  1889,  Mr. 
Langley  stated  that  about  10,000  steel  ties  were  then  in  the  track,  but 
that  their  use  was  not  being  extended.  They  have  proved  efficient 
in  service  and  the  maintenance  is  practically  the  same  as  with  the  cre- 
osoted wood  ties.  The  steel  ties  are  of  inverted  trough  section,  with 
a  narrow  flange  on  the  bottom  edges,  and  have  the  ends  flared  out  and 
bent  down.  The  closed  ends  prevent  lateral  motion  and  also  prevent 
any  tendency  of  the  sides  to  spread.  The  ties  are  8  feet  long  over  all, 
8  inches  wide  on  top,  3  inches  deep,  13  inches  wide  over  all  at  the  bottom. 
They  are  of  uniform  thickness  and  section  throughout,  the  thickness  being 
five-sixteenths  of  an  inch.  The  weight  is  about  132  pounds  each  and 
the  cost  $1.76  each.  The  joint  ties  are  spaced  2  feet  2  inches  apart, 
center  to  center,  and  the  intermediate  ties  3  feet  apart.  The  ties  are 
rolled  from  steel  which  is  specified  to  be  of  such  quality  and  temper 
that  it  will  not  crack  or  split  when  stamped  or  rolled  to  shape.  The 
holes  may  be  punched  or  drilled  according  to  the  engineer's  approval. 
The  ties  are  not  tarred  nor  painted,  but  are  given  one  coat  of  linseed 
oil,  laid  on  hot,  at  the  works. 

On  each  tie  there  are  two  cast-irou  chairs  weighing  40  pounds  each 
(pattern  of  1885),  each  chair  being  secured  to  the  tie  by  a  pair  of  patent 
steel  twin  bolts  of  | |  shape,  seven-eighths-inch  diameter,  with  four  lock- 
nuts.  The  bolt-holes  in  the  ties  are  tifteen-sixteeuths  inch  diameter,  3J 
inches  from  center  to  center  crosswise,  and  11  inches  from  center  to 
center  lengthwise  of  the  tie,  the  inner  holes  being  four  feet  five-eighths 
of  an  inch  apart  center  to  center.  The  base  of  the  chairs  is  7f  by 
14  inches,  and  a  felt  pad  one-eighth  of  an  inch  thick  is  placed  be- 
tween the  chair  and  the  tie.    The  rails  are  of  bull-headed  section,  weigh- 


G7 

ing  85  pounds  per  yard,  and  are  fastened  in  the  chairs  by  wooden  keys. 
The  wooden  ties  weigh  about  134  pounds  each.  The  weight  per  yard 
of  the  ordinary  track  is  estimated  as  follows :  Steel,  170  pounds ; 
wrought-iron,  14.9  pounds;  cast-iron,  110  pounds;  wood,  151.9  pounds; 
total,  44G.8.  The  weight  of  the  heaviest  engine  is  about  78  tons  in 
working  order,  and  the  number  of  ordinary  trains  in  twenty-four  hours 
is  two  hundred  and  thirty,  exclusive  of  special  trains,  light  engines,  etc. 

At  the  International  Eailway  Congress,  held  at  Milan,  Italy,  in  1887, 
Mr.  Kowalski  stated  in  regard  to  this  road  that  there  were  10,000  ties 
of  the  form  designed  by  Mr.  Langley,  being  a  modification  of  the 
Vautherin  type,  but  that  the  experience  with,  them  only  dated  from 
January,  1886,  and,  therefore,  no  definite  opinions  could  be  given  as  to 
the  results. 

A  few  of  the  Tozer  steel  ties  have  been  laid  as  an  experiment.  (See 
Tozer  ties.) 

Great  Northern  Railway. — Mr.  T.  H.  Horn,  assistant  engineer, 
stated  in  December,  1888,  that  the  experience  with  metal  ties  on  that 
line  was  so  limited  that  no  results  could  be  given  which  would  be  of 
service.  Short  lengths  of  several  types  had  been  laid  down  experi- 
mentally, but  altogether  there  was  not  then  a  mile  of  track  on  which 
metal  ties  had  been  introduced.  The  first  cost,  as  compared  with  that 
of  ordinary  fir  ties  with  chairs  and  fastenings,  tells  against  them.  The 
ties  of  the  Howard  type  for  main  lines  were  of  inverted  trough  section, 
with  a  deep  depression  at  each  end,  forming  a  Seat  for  the  bull-headed 
rails,  which  were  secured  by  keys  in  the  usual  way.  (See  plate  No.  4.) 
These  ties  were  8  feet  long  and  weighed  140  pounds  each ;  they  were 
made  from  plates  Of  Siemens  steel  three-eighths  of  an  inch  thick.  (See 
Howard  ties.)  The  track  of  this  road  is  laid  with  steel  rails  of  bull- 
headed  section,  weighing  82  pounds  per  yard. 

At  the  International  Railway  Congress  held  at  Milan,  Italy,  in  1887, 
the  following  particulars  in  regard  to  this  road  were  presented  by  Mr. 
Kowalski : 

About  1,000  ties  were  in  service,  and  four  types  were  being  tried,  Webb,  Moss-Bay 
Company,  Howard,  and  Tozer.  All  were  of  ateel.  Tbe  Webb  ties  weighed  176  pounds 
each,  complete;  tbe  Moss-Bay  and  Howard  ties  139.5  pounds,  and  the  Tozer  ties 
137.5  pounds,  exclusive  of  the  fastenings.  They  were  all  laid  on  embankments,  and 
were  on  tangents.  The  traffic  consisted  of  passenger  and  freight  trains  running  at 
reduced  speed.  The  weight  of  the  engines  was  about  60  to  70  tons.  The  ballast  was 
mainly  of  gravel.  The  first  cost  of  the  track  appeared  to  be  three  times  as  great  as 
that  of  track  with  wooden  ties,  but  the  experience  was  too  short  for  any  judgment 
to  be  formed  as  to  the  cost  of  maiutenance  and  the  durability.  The  elasticity  of  the 
track  and  the  easy  riding  of  the  trains  were  the  same  as  with  ordinary  ties.  The  in- 
conveniences were  in  the  difficulty  of  attaching  the  several  pieces  to  the  body  of  the 
tie,  and  in  case  of  derailment  the  ties  would  probably  be  damaged.  The  company 
had  at  that  time  no  intention  of  extending  the  use  of  metal  ties  on  its  road. 
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The  following  report  x)n  the  Howard  tie  was  made  ia  February,  1887, 
by  Mr.  Bastiu,  aud  was  published  in  The  Indian  Engineer,  of  Calcutta, 
March  31, 1888 : 

Ou  the  7th  instaut  I  arrived  at  Holloway  Station,  on  the  Great  Northern  Hue,  to 
inspect  the  Howard  steel  sleepers  (ties),  which  I  superintended  the  laying  of  in  May 
of  last  year.  After  the  ballast  had  been  cleared  away  I  made  a  thorough  examina- 
tion of  them,  and  am  pleased  to  report  that  they  are  in  as  good  condition  as  when 
they  were  laid  down.  The  ganger  over  this  portion  of  the  line  informed  me  that  the 
sleepers  had  not  required  any  attention  whatever  since  they  were  laid  down :  the  bal- 
last had  not  been  touched  nor  had  the  keys  had  a  hammer  upon  them.  They  were  pur- 
posely laid  upou  a  part  of  the  line  over  which  the  most  and  the  heaviest  of  the  traffic 
passes,  80  that  with  such  an  amouni  of  traffic  and  the  long  and  severe  frost  they  had 
been  well  tested.  I  also  examined  some  other  steel  sleepers,  laid  side  by  side  of  the 
Howard  sleepers.  These  other  sleepers  are  trough-shaped,  with  cast-iron  chairs 
bolted  to  them,  the  ends  of  the  sleepers  being  turned  down.  These  sleepers  are  like 
the  Belgian  type  on  the  Midland  line  near  Bedford,  -and,  like  them,  they  had  shifted 
endways ;  and  after  the  frost  went  they  had  to  be  reballasted.  I  have  been  to  see 
the  sleepers  on  the  Midland  line  again  to-day,  Belgian  type,  and  although  they  were 
reballasted  after  the  frost  they  have  again  shifted  so  that  the  line  is  not  perfectly 
true,  the  want  of  straightness  being  quite  obvious. 

Great  Western  Railway.— About  1853  the  Macdouuell  system  of 
track,  with  metal  longitudinals,  was  introduced  on  the  Bristol  and  Exe- 
ter Railway  (now  the  Bristol  and  Exeter  division  of  the  Great  Western 
Railway),  and  in  August,  1889,  tiie  resident  engineer  reported  that  the 
last  of  it  had  been  taken  up  only  about  twelve  months  previous.  This 
gives  some  idea  of  its  life,  and  it  must  be  borne  in  mind  that  it  was  in 
use  under  very  heavy  trafiBc.  The  ordinary  track  of  this  line  was  built 
on  the  plan  designed  by  Mr.  Brunei  for  the  Great  Western  Railway,  and 
consisted  of  rails  of  bridge  section  secured  to  wooden  longitudinals, 
which  were  connected  at  intervals  by  wooden  transoms.  The  gauge 
was  7  feet.  The  Macdonnell  track  consisted  of  iron  longitudinals ;  the 
plates  were  a  little  over  1  foot  wide,  about  one-half  an  inch  thick  under 
the  rail,  and  five-sixteenths  of  an  inch  thick  at  the  edges.  In  the  mid- 
dle, on  the  upper  side,  was  a  rib  about  2  inches  high,  fitting  into  the 
hollow  of  the  rail.  On  each  side  of  the  rib  was  a  wooden  packing  half 
an  inch  thick  and  about  2J  inches  wide,  upon  which  the  rail  flanges 
rested.  A  shallow  rib  on  each  side,  about  2^  inches  from  the  middle 
rib,  held  the  wooden  packing  in  position.  The  rails  were  fastened  by 
bolts  passing  through  the  plate,  packing,  and  rail  flange,  the  nuts  being 
screwed  down  on  the  flange.  In  some  cases  the  plates  were  flat  for 
their  entire  width ;  in  other  cases  they  were  slightly  curved  down,  out- 
side the  outer  ribs,  to  a  depth  of  about  three  fourthsof  an  inch.  The  plates 
were  connected  at  intervals  by  transverse  T  irons.  The  rails  were  about 
3  inches  high,  2|  inches  wide,  and  6  inches  wide  over  the  flanges ;  the 
middle  space  or  groove  was  about  2  inches  deep,  §  to  1  inch  wide.  This 
form  of  rail  is  still  in  use.  The  resident  engineer  stated  that  while  ho 
could  not  recommend  the  Macdonnell  system  for  main  track,  it  may  bo 
very  serviceable  for  light  railways  or  for  side  tracks ;  he  has  used  it 
aud  is  still  using  it  for  the  latter  purpose.    The  main  objection  to  it  is 
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said  to  be  the  difficulty  in  keeping  the  rails  tight  upon  it,  and  the  num- 
ber of  bolt-holes  weakens  the  plates  so  much  that  they  were  continually 
breaking,  especially  near  the  rail-joints.  Another  objection  is,  that 
"  in  very  hot  weather  the  expansion  is  so  great  as  to  displace  it  several 
feet  from  its  proper  position."  In  1886  this  track  was  reported  by  Mr. 
Walter  Browne  to  be  in  good  condition. 

The  Tozer  ties  have  been  tried,  but  Mr.  Lancaster  Owen,  chief  en- 
gineer, stated  in  September,  1880,  that  only  a  few  tiesof  this  type  have 
been  put  down,  and  only  as  an  experiment. 

London  and  Southwestern  Railway.— Mr.  Andrews,  the  chief 
engineer  of  the  road,  writing  in  August,  188'J,  stated — 

The  experience  with  metal  ties  on  this  line  is  very  limited.  About  four  years  ago  . 
a  few  were  laid  down  and  are  still  in  service.  They  were  pressed  out  of  mild  steel 
plates  about  five-eighths  of  an  inch  thick,  and  were  of  inverted  channel  form,  with 
cast-iron  chairs  secured  to  them  by  wrought-irou  bolts.  When  they  were  laid  con- 
siderable time  and  trouble  was  expended  in  thoroughly  filling  them  and  packing  them 
with  gravel  ballast;  but  now  that  the  track  has  become  consolidated,  they  do  not 
require  much  more  attention  than  timber  ties.  The  chairs,  however,  break  more  fre- 
quently than  on  wooden  ties,  and  the  bolts  require  frequent  attention. 

The  wooden  ties  used  are  of  redwood  fir,  obtained  from  the  Baltic,  and  in  view  of 
the  number  available,  the  facilities  for  obtaining  them,  and  the  price  paid,  it  is  not 
considered  that  the  company  can  do  better  than  continue  to  use  them.  The  com- 
pany creosotes  its  ties,  and  the  value  of  a  creosoted  tie  is  about  78  cents,  delivered. 
Jarrah  and  other  hard-wood  ties  from  Australia  have  been  offered  at  different  times, 
but  their  high -cost,  delivered  in  England,  prohibits  their  adoption,  even  tbongb,  as 
is  urged,  they  would  last  much  longer  than  the  Baltic  fir  ties. 

The  track  of  this  road  consists  of  double-headed  steel  rails,  30  feet  long,  weighing 
82  pounds  per  yard;  they  are  5^  inches  bigh,  with  heads  2^  inches  wide.  They  are 
secured  by  wooden  keys  in  cast-iron  chairs,  weighing  40  pounds  each,  which  are  fast- 
ened to  the  wooden  ties  by  three  rouud  spikes  driven  into  hollow  tree-nails;  the 
chairs  have  .a  base  of  ('>Jby  14  inches.  The  rail  joicts  are  even  aud  suspended,  and 
are  spliced  by  deep  fish-plates,  with  four  bolts.  The  wooden  ties  are  9  feet  long,  5by 
10  inches  section  ;  they  are  spaced  2  feet  2  inches  apart,  center  to  center,  at  the 
joints,  2  feet  T)  inches  next  to  the  joints,  and  2  feet  10^  inches  intermediate.  In  1890, 
rails  weighing  87  pounds  per  yard  and  chairs  weighing  45  pounds  each  are  to  be 
used. 

London,  Chatham  and  Dover  Railway. — ^Mr.  William  Mills, 
chief  engineer,  stated  in  August,  1889  : 

No  metal  ties  are  used,  for  the  reason  that  the  creosoted  ties  are  found  to  last,  in  a 
general  way,  as  long  as  the  rails,  and  it  Is  to  the  company's  interest  to  renew  both 
rails  and  ties  at  the  same  time.  Tlio  line  passes  through  a  brick-making  locality, 
and  has  the  advantage  of  being  able  to  sell  the  bulk  of  its  old  ties  at  about  half  their 
original  cost. 

Probably  very  few  railways  are  able  to  dispose  of  their  old  wooden 
ties  to  such  advantage,  and  in  many  cases  in  this  country  it  is  not  easy 
to  get  rid  of  them  except  by  burning.  As  regards  renewals,  it  would 
seem  to  be  still  more  to  the  company's  interest  to  have  ties  which 
would  not  have  to  be  renewed  as  often  as  the  rails,  especially  as  the 
present  system  of  track  is  already  an  exi)en8ive  system  to  build,  so 
that  the  increased  cost  for  metal  track  would  be  comparatively  small. 
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London,  Brighton  and  South  Coast  Railway.— Mr.  F.  D.  Ban- 
ister,  chief  eugineer,  stated  in  August,  1889: 

The  only  experience  with  metal  ties  on  thia  line  has  been  c  small  trial,  which  was 
unsatisfactory;  and  the  result  was  not  sufficient  to  warrant  any  departure  from  the 
general  system  of  using  Baltic  fir  ties,  creosoted  by  Brystie's  process. 

Metropolitan  Railway. — This  is  one  of  the  city  (underground) 
and  suburban  railways  of  London,  the  traffic  on  some  sections  of  which 
is  very  heavy  and  is  carried  on  under  exceptional  conditions.  Mr.  J. 
J.  Haubury,  resident  engineer,  states : 

A  trial  has  been  made  with  twelve  steel  ties  of  the  Tozer  type;  they  were  in  service 
about  two  years,  at  the  end  of  which  time  it  was  found  that  the  chairs  began  to  work 
a  little,  owing  to  the  wear  of  the  stud  which  fits  into  a  hole  in  the  tie.  (See  plate 
No.  4.)  These  ties  were  considered  to  be  unsuitable  for  this  road.  Some  steel  trough 
ties,  similar  to  those  of  the  Midland  Railway,  but  weighing  145  xmunds  each,  have 
been  tried ;  they  were  made  by  the  Tredegar  Iron  and  Coal  Company.  The  rails 
used  are  of  double-headed  section,  carried  in  cast-iron  chairs  bolted  to  the  ties. 

Metropolitan  District  Railway. — This  is  another  of  the  city  (un- 
derground) and  suburban  railways  of  London.  Mr.  George  Estall,  engi- 
neer and  locomotive  superintendent,  stated  in  October,  1889: 

Steel  ties  of  the  Tozer  type  have  been  tried  on  this  road  for  a  length  of  about  30' 
feet;  they  are  laid  in  a  locomotive  yard,  on  the  level,  and  are  spaced  2  feet  8  inches 
to  3  feet  apart,  center  to  center.  They  were  not  painted  or  otherwise  treated.  The 
ballast  is  of  gravel.  They  were  laid  for  trial  only,  and  the  results  have  not  been 
Bufficiently  satisfactory  to  lead  to  their  adoption ;  as  regards  maintenance,  rail  at- 
tachments, and  general  efficiency,  they  are  said  to  be  inferior  to  timber;  they  are 
also  too  rigid,  and  are  bad  for  packing,  Mr.  Estall  is  not  in  favor  of  their  use.  No 
breakages  have  occurred.  The  wooden  ties  used  are  of  Memel  fir,  creosoted  ;  they 
cost  $1,50  each,  and  last  fifteen  years.  The  rails  are  of  bull-headed  section,  weighing 
87  pounds  per  yard,  laid  with  suspended  joints,  and  supported  in  cast-iron  chairs  in 
the  usual  way, 

Mersey  Railway. — This  is  a  tunnel  line,  connecting  Liverpool  and 
Birkenhead.  Mr.  C.  A.  Rowlandsou,  resident  engineer,  stated  in  July, 
1889,  that  about  a  dozen  steel  ties  of  the  Tozer  type  had  been  tried, 
but  only  on  a  side-track.  They  have,  however,  stood  very  well  as  re- 
gards freedom  from  corrosion  by  the  ash  ballast  and  in  keeping  their 
level  or  surface. 

Great  Eastern  Railway. — Some  steel  ties  have  been  in  use  on 
this  road  for  several  years.  They  are  of  the  inverted  trough  section, 
with  closed  ends,  and  the  rails  are  carried  in  cast-iron  chairs  of  the 
usual  form  fastened  to  the  tie  by  a  pair  of  twin  bolts.  They  are  8  feet 
long,  and  were  manufactured  by  the  Darlington  Steel  and  Iron  Com- 
pany. At  the  International  Railway  Congress  held  at  Milan  in  1887, 
Mr.  Kowalski  stated  that  a  trial  was  being  made  with  500  ties,  and 
that  4,000  were  to  be  laid.  The  experience  with  them  was  then  too 
short  to  enable  any  opinions  to  be  given. 

FuRNESS  Railway.— In  August,  1889,  Mr.  F.  Stileman,  chief  engi- 
neer, stated : 
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A  few  years  ago  a  trial  was  mad«  with  soino  steel  ties  of  tbo  Howard  typo  (see 
plato  No.  4);  they  were  of  inverted  trough  form,  and  of  arched  section  ;  a  deep  de- 
pression at  each  end  formed  a  seat  for  the  rails,  which  were  secured  by  keys  in  the 
asual  way.  It  was  found,  however,  that  with  keying  ti.c  rail  up  the  ends  of  the  tie 
were  sprung,  and  in  tlio  course  of  four  or  five  months,  with  the  4j:afflc  passing  over, 
the  ties  split  so  that  they  had  to  be  taken  out.  They  were  of  steel  and  were  shaped 
cold,  the  recesses  for  the  rails  being  stamped  by  hydraulic  machinery.  (See  Howard 
ties.) 

The  company  now  uses  none  but  wooden  ties,  9  feet  long,  10  by  5  inches  section, 
sawn  out  of  timbers  9  feet  by  10  inches  by  10  inches.  After  being  dried  they  were 
creosoted,  which  cost  about  Ifi  cents  per  tie.  Their  life  will  average  from  twelve  to 
fourteen  years.  The  chairs  have  a  base  of  about  15  by  7^  inches  and  weigh  nearly 
50  pounds  each.  The  rails  .are  of  bull-headed  section,  weigliing  81  pounds  per  yard; 
they  are  fastened  in  the  chair  by  oak  keys,  scalloped  out  in  the  middle,  with  a  saw- 
cut  at  one  end,  which  enables  the  end  to  close  when  being  driven  and  to  open  out 
when  in  place. 

North  Staffordshire  Railway. — A  steel  tie  has  been  tried  at 
Stokeupon-Trent,  on  this  road,  and  in  January,  1890,  after  two  years' 
experience,  a  lar<^e  order  was  given  to  the  Chair  and  Sleeper  Company 
for  these  ties,  which  are  described  further  on.  Tlie  ties  were  of  Vsec- 
tion,  with  ordinary  cast-iron  chairs  secured  to  the  flanges. 

TIES. 

The  Liveaey  Ties. — A  number  of  different  forms  of  metal  tracks  have  been  designed 
by  Mr.  James  Livesey,  of  London,  and  have  been  extensively  used,  especially  in 
South  America,  by  Mr.  Livesey  and  other  engineers.  (See  India  and  South  America; 
and  Plates  Nos.  20  and  26.)  The  types  most  used  are  those  consisting  of  bowls  and 
tie-bars.    Among  the  principal  forms  are  the  foyowing: 

(1)  Cast-iron  bowls,  arranged  in  pairs  and  connected  by  transverse  flat  wrought- 
iron  tie  bars.  The  bowls  are  oval  in  plan,  and  the  upper  part  forming  the  chair  can 
be  adapted  for  double-headed  or  flange  rails.  Two  fixed  clips  hold  the  outer  side -of 
the  rail,  and  on  the  inner  side  is  a  flexible  jaw  let  into  a  socket  and  having  a  key 
driven  between  it  and  the  rail. 

(2)  Wrought-iron  bowls,  also  arranged  in  pairs  and  connected  by  tie-bars.  They  are 
practically  rectangular  on  the  bottom  and  oval  on  top,  shaped  like  a  disli-cover. 
They  are  adapted  for  flange  rails.  The  fastening  consists  of  a  steel  strip,  of  —j 
shape ;  the  longitudinal  leg  is  within  the  bowl  and  is  secured  by  a  bolt,  the  washer  of 
which  holds  the  outer  flange  of  the  rail ;  a  metal  key  is  driven  between  the  rail  and 
the  upright  leg,  which  is  inclined  inward. 

(3)  Wrought-iron  cross-ties.  These  are  of  inverted  trough  section,  being  a  modifi- 
cation of  the  Vautherin  type ;  some  of  these  have  horizontal  flanges  on  the  lower 
edges.  The  ends  are  closed  and  rounded  off,  and  project  deeper  into  the  ballast  than 
the  body  of  the  tie.  The  fastenings  consist  of  two  riveted  clips,  one  bearing  on  the 
outer  flange  of  the  rail  and  the  other  projecting  over  the  inner  flange,  with  a  key 
driven  between  the  clip  and  the  flange.  A  fastening  similar  to  that  of  No.  2  may 
also  be  used. 

(4)  Steel  cross-ties.  For  meter  gauge  lines  these  ties  are  5  feet  6  inches  long  over 
all,  10  inches  wide  at  the  bottom;  5^  inches  wide  on  top,  with  rounded  corners  and 
curved  sides.  The  ends  are  curved  down.  Thickness,  seven-thirty-seconds  of  an  inch 
throughout.  Each  rail  rests  on  a  tie-plate  9^  by  5  inches  in  size,  seven-sixteenths  of 
an  inch  thick,  which  is  fastened  to  the  tie  by  two  rivets  three-fourths  of  an  inch  in 
diameter.  There  are  two  jaws  about  3  inches  long,  pressed  up  out  of  this  plate ;  the 
outer  one  holds  the  cater  rail-flange,  and  a  corrugated  key  6^  inches  long  is  driven 
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between  the  inner  jaw  and  rail  flange.  The  tie  is  bent  at  the  rail  seats  to  give  the 
rails  an  inward  inclination.  These  ties  are  similar  to  the  steel  ties  on  the  Indian 
State  railways. 

The  Tozer  ties. — Messrs.  J.  and  H.  Tozer  of  London,  manufacture  steel  ties  which 
are  fitted  with  chairs  for  double-headed  or  flange  rails.  They  are  of  inverted  trough 
form,  rounded  in  section,  and  deeper  than  is  usual.  (See  plate  No.  4.)  For  standard 
gauge  lines  the  ties  are  8  feet  long,  9  inches  wide  on  the  bottom,  and  4^  inches  deep. 
The  sides  are  about  one-fourth  of  an  inch  thick  and  the  top  three-eighths  of  an 
inch  thick.  The  ends  are  bent  down  and  flared  out  at  the  corners;  the  tie  is  bent 
from  the  middle  to  give  the  rails  the  inward  cant  of  1  in  30.  For  flange  rails  aflat 
chair  is  used  9f  by  4  inches,  having  two  jaws,  one  of  which  grips  the  rail  flange, 
while  a  key  is  driven  between  the  other  jaw  and  the  flange  ;  the  thickness  is  throe- 
fourths  of  an  inch  under  the  rail.  On  the  bottom  of  the  chair  is  a  pin  or  stud,  which 
engages  with  a  hole  in  the  tie  and  prevents  spreading  of  the  track ;  in  setting  the 
chair,  it  is  placed  on  the  tie  at  right  angles  to  its  normal  position,  with  the  stud. in 
the  hole;  it  is  then  turned  round  into  position,  the  ends  of  the  chair  passing  under 
jaws  or  lugs  pressed  up  out  of  the  metal  of  the  tie  ;  the  chair  has  stops  at  diagonally 
opposite  corners,  to  prevent  it  from  being  turned  beyond  its  proper  position.  The 
rails  are  then  laid  and  the  keys  driven,  after  which  the  chair  cannot  shift  in  either 
direction.  The  chairs  and  ties  are  made  to  give  an  exact  gauge  of  4  feet  8|  inches, 
but  in  order  to  allow  for  widening  the  gauge  at  curves  the  chairs  are  so  arranged 
that  by  reversing  one  and  inserting  it  in  the  opposite  direction  under  the  lugs  the 
gauge  will  be  widened  half  an  inch,  while  by  reversing  both  of  tliem  the  gauge 
will  be  widened  1  inch.  To  give  this  adjustment  the  keys  must  be  always  on  the  out- 
side of  the  rails.  If  keying  on  the  inside  is  practicable,  the  gauge  may  be  also  in- 
creased by  reversing  one  or  both  of  the  chairs  and  keying  one  or  both  of  the  rails  on 
the  in.side.  The  several  increments  of  widening  of  the  gauge  are  thus  as  follows  :  ^, 
^,  and  1  inch;  IJ,  1|-,  1|,  1|,  and  2^  inches.  The  weights  .are  as  follows:  steel  tie,  93 
pounds;  two  cast-iron  chairs,  18  pounds;  two  steel  keys,  1^  ponnds;  total  weights 
112^  pounds.  A  steel  chair  is  also  ysed,  riveted  to  a  steel  tie  five-sixteenths  of  an 
inch  thick.  The  ties  are  of  Bessemer  steel  and  are  dipped  in  a  preservative  solution. 
Their  cost,  as  quoted  in  March,  1888,  was  about  $26.2.5  per  ton,  free  on  board.  For 
double-headed  rails  the  only  difference  is  in  the  form  of  the  chairs,  which  are  of 
the  usual  sbape,  with  high  sides  to  hold  the  rail  and  the  wooden  or  metal  key;  but 
with  the  addition  of  the  round  stud  on  the  bottom  and  the  stops  to  keep  the  chair  in 
place.  Small  trial  lots  have  been  used  on  several  English  railway's,  a  few  have  been 
sent  to  China,  and  365,000  (20,000  tons)  to  the  Argentine  Republic.  TI»e  advantages 
claimed  are  the  broad  surface  of  the  chairs  to  distribute  the  load  over  the  tie,  the  re- 
duction in  the  number  of  loose  parts,  and  the  adaptation  to  present  tracks  with 
double-headed  or  bull-headed  rails.  The  lugs  which  hold  the  chairs  in  place  have  a 
good  holding-down  power,  but  are  claimed  to  be  elastic  ;  so  that  while  giving  a  firm 
grip  in  the  chair  they  render  it  less  liable  to  fracture  than  by  being  held  too  rigidly. 

The  Ktrr  and  Stuart  ties. — Messrs.  Kerr  and  Stuart,  of  London,  manufacture  a  vari- 
ety of  steel  ties  of  different  forms  for  permanent  and  light  railways,  portable  rail- 
ways, and  street  railwaj's.  Their  special  patent  type  is  a  steel  cross-tie  of  inverted 
section,  bent  up  at  the  ends  to  give  the  rails  an  inward  inclination  of  1  in  20.  The 
ends  are  closed.  These  ties  are  for  flange  rails.  The  outer  flange  is  held  by  a  riveted 
jaw  or  brace,  which  projects  upward  and  bears  against  the  under  side  of  the  railhead. 
The  inner  flange  is  held  by  a  bolted  clip,  the  lower  part  of  which  fits  into  a  T-shaped 
slot  in  the  tie;  a  steel  cotter  locks  the  bolt  and  clip  in  position.  (See  plate  No.  4.) 
The  ties  are  all  of  mild  steel,  made  by  the  Bessemer  or  basic  process,  rolled  in  lengths, 
sheared  off,  and  stamped  while  hot.  The  clips  are  of  steel,  stamped  by  hydraulic 
pressure.  This  system  of  tie  and  fastening  is  also  applied  to  girder  rails  for  street 
railways.  Following  are  the  particulars  of  some  of  these  ties:  For  2  feet  gauge,  4 
feet  long,  costing  96  cents  each  ;  for  meter  gauge,  5  feet  4  inches  long,  costing  $1.20; 


73 

for  standard  gango,  6  feet  8  inches  long,  costing  $1.56;  for  the  Indian  gauge  of  5  feet 
5  inches,  7  feetO  inch»s  long,  costing  $1.8(5.  This  tie  is  considered  by  the  manufact- 
urers to  be  especially  adapted  to  very  narrow  gauges,  such  as  24  inches,  on  account 
of  the  firm  support  of  the  rail  by  the  outer  brace ;  it  is  used  for  a  line  of  this  gauge 
in  Venezuela.  Other  forms  of -trough  ties  are  made  with  different  systems  of  fasten- 
ings. One  fastening  consists  of  a  clip  holding  the  outer  flange  of  the  rail,  and  a  gib 
and  cotter  on  the  inner  side.  Another  fastening  (Walker  &  Bear's  patent)  consists 
of  two  loose  clips;  a  small  clip  or  gib  holds  the  inner  flange  of  the  rail,  and  a  larger 
clip  on  the  outer  side  has  a  wooden  key  driven  between  it  and  the  rail.  Steel  cross- 
ties  of  the  pattern  of  the  Indian  State  Railways  are  also  inannfactured,  and  have 
been  supplied  to  the  Morvi  Railway  iu  ludia.  These  ar?  of  rounded  trough  section, 
with  the  rail  seats  inclined  I  in  20  and  the  ends  closed  and  curved  down.  At  each 
rail  seat  are  jaws  to  hold  the  rail,  which  is  fastened  by  a  steel  key. 

The  tiHS  are  rolled  with  the  metal  of  the  top  thicker  than  the  sides  and  they  are 
afterwards  pressed  to  shape  by  hydraulic  pressure,  and  the  clips  punched  out  and 
bent.    The  following  are  the  particulars  of  some  ties  of  this  type: 


Price,      . 

Ga»ge. 

Weight. 

Length. 

complete 
with 

keys. 

Ft.   In. 

Pound*. 

Ft.   In. 

DoUars. 

2      « 

35 

4        6 

o.m 

3      3§ 

65 

5       4 

1.02 

4      8J 

80 

6       9 

1.32 

5      6 

95 

7       6 

1.56 

Suitable  for 
rails  weijih 

iug  per 

yard—     ■  - 


Pounds. 
25  to  30 
40  to  60 
60  to  80 
60  to  80 


The  Howard  ties. — The  steel  ties  manufactured  by  J.  and  F.  Howard,  of  Bedford, 
for  main  lines,  are  of  approximately  semi-circular  cross-section,  of  different  dimen- 
sions and  section  at  diff"erent  parts  of  their  length.  (See  Plate  No.  4.)  Each  tie  is 
made  from  a  steel  plate  pressed  to  shape  by  hydraulic  power.  The  rail  seat  for 
double-headed  rails  is  a  depression  in  the  tie  deep  enough  to  admit  the  web  and 
lower  head  of  the  rail,  which  is  secured  by  a  wooden  key  driven  between  the  web 
and  the  side  of  the  depression  iu  the  tie.  No  bolts  or  rivets  are  used.  These  ties  were 
patented  in  the  United  States  December  22,  1885  (No.  333,015).  In  July,  1889,  the 
firm  reported  that  the  manufacture  of  ties  for  main  lines  had  not  been  commenced  on 
a  large  scale,  but  that  trial  lots  had  been  supplied  to  a  few  lines  (see  Great  Northern 
Railway  and  Fiirness  Railway).  In  March,  1888,  special  plant  for  making  ties  was 
patented  in  England.  The  plate  of  each  tie  is  rolled  so  that  the  portions  where  the 
rail  recesses  are  to  be  formed  are  left  thicker,  the  trough  formed  on  the  under  side 
by  the  corrugation  being  filled  up  or  partially  so,  or  the  raised  portion  may  be  left 
solid  throughout  the  length  of  the  tie.  The  rail  recesses  are  partially  formed  by  the 
rolls  which  produce  the  plates,  and  for  this  purpose  depressions  are  formed  upou  the 
periphery  of  one  roll  and  corresponding  indentations  upon  the  periphery  of  the  other 
roll ;  so  that  the  plates  in  being  rolled  are  indented  at  the  parts  where  the  recesses 
are  to  be  formed.  The  plates  are  then  passed  through  rolls  with  similar  projections 
and  indentations,  which  give  the  plates  their  finished  form.  The  plates  are  passed 
between  these  rolls  as  they  leave  the  plate  rolls  and  while  still  hot,  and  are  subse- 
quently shaped  by  suitable  presses.  The  rail  reces-ses are  finished  to  the  jn-oper  shape 
by  cutting  appliances,  consisting  in  the  use  of  an  endless  or  revolving  table  composed 
of  a  number  of  links  or  small  platforms  carried  upon  wheels.  The  plates  are  placed 
upon  these  platforms,  and  as  the  table  moves  forward  they  are  caused  to  pass  under 
a  number  of  cutters,  arranged  one  before  the  other,  by  the  action  of  which  the  sur- 
plus metal  is  removed.  Several  ties  may  be  operated  upon  at  the  same  time  on  one 
tablft,  and  after  passing  under  the  cutters  they  are  delivered  from  the  table  with  rail 
recesses  or  seats  in  a  finished  state. 
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The  firm  makes  a  specialty  of  metal  tiea  for  linfht  and  portable  railways,  and  has 
supplied  them  for  light  railways  for  agricultural,  miuiug,  and  construction  woric  in 
many  countries  with  succesful  results.  These  tie i  are  of  steel  plates,  with  one  or 
two  vertical  corrugations  lengthwise  of  the  tie,  and  having  the  sides  bent  down  ;  the 
ends  are  open.  The  corrugations  are  cut  away  at  the  rail  seats  to  let  the  flange  of 
the  rails  rest  on  the  flat  part  of  the  plate,  and  a  serrated  metal  key  is  driven  between 
the  rail  and  the  side  of  the  recess  thus  formed.  There  are  no  bolts,  clips,  or  rivets. 
Ties  with  two  ribs  or  corrugations  are  used  at  rail  joints.  For  portable  railways, 
with  rails  weighing  up  to  14  pounds  per  yard,  the  ordinary  ties  are  5  inches  wide  and 
the  joint  ties  6f  inches  wide;  for  semi-portable  railways,  with  rails  weighing  up  to 
30  pounds  per  yard,  the  ties  are5J^,  5|,  and  6f  inches  wide;  for  light  railways,  using 
locomotives,  with  rails  weighing  up  to  40  pounds  per  yard,  the  ties  are  9^  inches  wide 
at  the  bottom  and  abont  3  inches  deep.  Ties  of  this  latter  form  have  been  used  on  the 
Donna  Christina  Railway  in  Brazil.  Ties  for  main  lines  laid  with  flange  rails  are  of 
somewhat  similar  form,  but  with  closed  ends;  to  make  a  seat  for  the  rail,  the  metal 
of  the  corrugJition  is  pressed  down  level  with  the  surface  of  the  tie,  thus  thickening 
the  metal  at  the  seat ;  a  steel  key  is  driven  between  the  rail  and  the  side  of  the  corru- 
gation, and  in  pressing  down  the  metal  it  is  made  to  project  over  the  seat  so  as  to 
form  a  clip  to  hold  the  rail  flange.  This  type  of  tie  was  patented  in  the  United 
States  February  2,  1886  (No.  335,.'323).  Another  form  of  ti5  consists  of  two  pressed 
steel  bowls  connected  by  a  wronght-iron  tie-bar;  each  bowl  is  made  of  a  steel  plate 
flanged  down  to  the  form  of  an  oblong  box  ;  it  is  flat  on  top  with  outward  flaring 
sides,  and  rounded  ends  corrugated  vertically.  The  tie-bar  passes  through  the  bowl, 
and  is  held  by  a  flat  curved  cotter  lying  in  a  depression  in  the  top  of  the  bowl.  There 
are  two  transverse  corrugations,  which  are  pressed  down  at  the  middle  to  leave  room 
for  the  rail  flange,  and  the  rail  is  secured  by  two  serrated  steel  keys.  The  weight  is 
said  to  be  only  about  half  that  of  the  ordinary  cast-iron  bowls. 

The  Wood  steel  ties. — The  steel  tie  designed  by  Mr.  Charles  Wood,  of  Middlesbbr- 
ongh,  is  said  to  have  been  the  first  steel  tie  used  with  flange  I'ails  on  English  rail- 
ways, and  to  be  still  in  use  in  England  and  the  British  colonies.  It  is  of  muditied 
Vautherin  type,  of  inverted  trough  section,  and  having  horizontal  flanges  on  the 
lower  edges.  (See  Plate  No.  4.)  Each  rail  fastening  consists  of  a  half  hoop  or  cres- 
cent of  steel,  the  lower  part  being  inside  the  tie,  and  the  ends  projecting  upwards 
through  hole«  in  the  top,  having  stops  or  lugs  to  prevent  them  from  rising  too  high 
and  to  bring  them  into  proper  position.  The  outer  end  of  the  crescent  is  bent  over 
to  bear  on  the  outer  flange  of  the  rail,  while  the  inner  edge  projects  higher  and  has  a 
wooden  key  driven  between  it  and  the  rail,  the  key  bearing  against  the  web  and 
flange  of  the  rail.  Some  of  these  ties  were  tried  on  the  Northeastern  Railway  in 
England ;  and  they  have  also  been  used  in  South  America.  For  light  and  portable 
railways  steel  ties  with  different  forms  of  clips  and  bolt  fastenings  are  used. 

The  W]dte  tie. — This  is  a  patent  pressed-steel  tie,  designed  by  Mr.  Henry  White,  of 
Newport,  and  manufactured  by  Ibbotson  Bros.,  of  SheflSeld.  At  a  meeting  of  the 
British  Association  in  1887,  Mr.  White  read  a  paper  on  "An  improved  steel  rail- 
way tie  with  chairs  pressed  out  of  the  solid,"  the  following  notice  of  which  is  taken 
from  Engineering,  London,  England,  September  23,  1887: 

"  This  was  a  trough  section  tie,  to  suit  any  ordinary  type  of  rail,  and  the  chairs 
being  stamped  on  it  there  were  no  bolts  or  rivets  required.  Hydraulic  presses  with 
suitable  dies  are  used.  The  steel  trough  is  first  cut  to  the  required  length,  heated, 
and  inserted  between  the  open  dies  of  a  press,  or,  if  both  chairs  are  made  at  once,  of 
a  pair  of  presses.  These  roughly  form  two  corrugations  at  each  end,  corresponding 
with  the  jaws  of  the  chairs.  The  metal  for  this  is  gathered  up  endwise,  thus  shorten- 
ing the  original  length  of  the  piece  of  steel  operated  on.  Another  heat  being  taken, 
the  partly-made  tie  is  placed  between  the  dies  of  the  finishing  press  and  the  jaws 
are  given  their  final  form.  The  lower  dies  in  this  case  have  two  hinged  pieces 
which  project  upwards,  and  when  the  upper  diesdescend  they  close  inwards,  causing 
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oue  of  each  pair  of  jaws  to  assume  the  undercut  form  necessary  to  fit  the  rail  and 
hold  it  liriul)'  in  its  phice.  A  loose  piece,  resembling  the  lower  part  of  the  rail,  is 
inserted  between  the  jointed  pieces,  to  form  a  resistance  block  for  them  to  close 
against.  It  was  claimed  that  ties  so  formed  give  a  larger  base  to  the  rail,  hold  it 
more  lirnily,  and  are  stiller  than  any  others  hitherto  used." 

The  Sampan  tie. — The  Sampan  combined  railway  tie  and  chair  is  a  comparatively 
recent  invention,  and,  I  believe,  has  not  yet  been  tried.  It  is  intended  to  be  made  of 
cast-steel,  the  recent  improvements  in  steel  manufacture  enabling  a  reliable  quality 
of  material  and  work  to  be  obtained  at  reasonable  cost.  The  tie  is  of  shallow  in- 
verted trough  section,  with  outward  flaring  sides  and  closed  ends;  a  middle  rib  runs 
along  the  w^hole  length  of  the  under  side  of  the  tie,  and  this  rib  is  deeper  than  the 
sides;  there  are  also  four  transverse  ribs,  one  under  each  rib  and  two  intermediate. 
(See  plate  No.  4.)  The  thickness  is  increased- nt  the  rail  seat.  The  chairs  for  bull- 
headed  or  double-headed  rails  are  cast  with  the  tie  and  form  a  part  of  it,  the  rails  be- 
ing secured  by  wooden  or  metal  keys  in  the  usual  way.  The  joint  ties  are  of  extra 
width  at  the  ends,  and  the  rails  are  secured  in  the  joint  chairs  by  two  cast  steel  keys, 
which  are  drawn  and  held  together  by  a  bolt  passing  through  them  parallel  with  the 
rail.  This  is  claimed  to  make  an  efficient  joint,  dispensing  with  splice-bars  and  bolts. 
if  desired,  the  ends  with  the  chairs  can  be  cast  separately  and  connected  by  a  tie-bar ; 
this  arrangement  is  said  to  bo  adapted  for  railways  in  South  America  and  other 
countries  where  the  traffic  is  not  too  severe.  These  ties  have  been  patented  by  the 
Railway  Sleeper  and  Tie  Company,  of  Manchester. 

The  Bankart  tie. — This  is  a  cross  tie,  the  invention  of  Mr.  Hubert  Bankart,  consist- 
ing of  an  I  beam  laid  on  its  side  ( w)  with  a  part  of  the  upper  flanges  cut  away  to 
allow  the  rail  to  rest  on  the  horizontal  web;  the  inner  flange  of  the  rail  is  overlapped 
by  the  flanges  of  the  tie,  which  are  undercut,  and  on  the  outer  side  of  the  rail  is  an 
angle  wedge  or  key,  bearing  on  the  rail  flange  and  web,  and  having  a  rib  at  the  back 
which  fits  into  a  groove  in  the  flanges  of  the  tie  and  prevents  vertical  motion.  (See 
plate  No.  4.)  No  bolts  or  nuts  are  required,  this  fastening  being  used  at  the  rail 
joints.  The  key  may  be  placed  on  the  inside  or  outside  of  the  track,  bnt  the  flanges 
must  bo  cut  according  to  which  arrangement  is  adopted.  These  ties  are  said  to  have 
been  tried  in  Brazil,  but  I  have  not  been  able  to  obtain  any  definite  information  re- 
specting them. 

The  Baynall  ties. — The  firm  of  W.  G.  Bagnall,  of  Stafford,  manufactures  diflerent 
forms  of  metal  ties,  principally  for  light  and  portable  railways,  and  the  ties  have  been 
used  to  some  extent.  The  type  used  is  a  pressed  steel  cross-tie,  narrower  and  deeper 
at -the  middle  than  at  the  ends,  and  having  grooves  and  ribs  running  lengthwise  on 
the  surface.  For  permanent  roads  a  tie  is  used  having  a  groove  running  from  each 
end  nearly  to  the  middle ;  corrugated  steel  clips  are  riveted  on  and  a  steel  key  is 
driven  between  the  rail  flange  and  one  of  these  clips.  (See  plate  No.  4.)  Another 
form  of  tie  with  riveted  clips  has  the  groove  runningin  from  each  end  and  two  raised 
ribs  along  the  middle  portion  of  the  tie.  Joint  ties  of  this  form  are  of  extra  width, 
with  two  grooves  at  each  end  and  three  ribs  at  the  middle.  With  other  formsof  ties 
lugs  are  stamped  up  out  of  the  metal  to  hold  the  rail  flanges,  the  rails  being  se- 
cured by  keys.  A  tie  for  collieries,  mines,  and  light  tracks  has  the  lugs  bent  over  to 
embrace  both  flanges  of  the  rail,  the  rail  being  slipped  under  the  lugs,  and  no  keys 
or  other  loose  pieces  being  used.  For  portable  railways,  the  rails  and  ties  are  riveted 
together  to  form  sections  of  track,  one  end  of  the  rails  of  each  section'  having  the 
splice-plates  riveted  on. 

The  Tredegar  ties. — Besides  the  steel  ties  made  for  the  Metropolitan  Railway,  the 
Tredegar  Iron  and  Steel  Company  makes  other  forms,  including  corrugated  steel  ties 
for  use  with  flange  rails.  These  are  made  of  various  sizes,  and  weigh  from  Vi  pounds 
(2J  pounds  extra  for  fastenings)  for  a  gauge  of  24  inches  to  <;2  pounds  (4  pounds 
extra  for  fastenings)  for  standard  gauge. 
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The  Kilt  and  Bolt  Company''^  ties. — Tlie  Patent  Nut  and  Bolt  Company,  of  Newport, 
manufactures  a  tie  of  double  channel  or  |-|  section.  Tbe  lower  part  ia  of  trough  sec- 
tion, 23^;  inches  deep,  10^^  inches  wide  at  the  bottom,  about  5^  inches  wide  on  top, 
and  having  on  the  upper  part  two  vertical  ribs  forming  a  channel  1^  inches  deep  and 
4f  inches  wide.  The  horizontal  part  is  eleven-thirty-seconds  of  an  inch  thick,  and 
the  sides  of  the  channel  are  three-eighths  of  an  inch  thich.  For  double-headed  rails 
the  fastenings  consist  of  two  loose  jaws.  The  outer  one  fits  the  web  of  the  rail  and 
the  under  side  of  the  head.  It  rests  on  the  horizontal  part  of  the  tie,  and  has  a  hooked 
lug  on  the  bottom  which  passes  through  a  hole  in  the  tie  and  takes  a  bearing  on  the 
inside.  On  the  inner  side  of  the  rail  is  a  similar  jaw,  but  with  the  top  flat  and  hav- 
ing a  slot  near  the  base.  A  flat  taper  steel  key  is  driven  horizontally  through  slots 
in  the  sides  of  the  channel  and  the  base  of  the  jaw  in  a  similar  way  to  the  fastening 
used  with  the  Denham-Olpberts  plate-ties  in  India.  The  chair  and  fastening  make 
a  heavy  and  cumbrous  arrangement,  and  the  jaws  are  liable  to  wear  and  thus  cause 
rattling.  It  has  been  suggested  that  the  outer  jaw  might  be  riveted.  The  holes  for 
the  keys  and  chairs  are  punched  cold.  The  ties  weigh  154  pounds  each.  They  are 
Baid  to  have  been  in  service  under  heavy  traffic  at  the  Alexandria  Dock,  Newport, 
and  on  the  lines  at  the  works  of  the  manufacturers. 

The  Quetch  ties, — This  system  of  track  has  been  described  in  an  Indian  paper  as  an 
English  system,  and  it  is  said  to  have  been  awarded  a  bronze  medal  at  the  Railway 
Exhibition  at  Paris,  in  1887.  The  rails  are  of  bridge  section  with  very  wide  flanges, 
about  14  inches  wide  over  all.  The  joint  and  intermediate  chairs  consist  of  channel 
plates  with  lugs  on  the  side  to  hold  the  rail  flanges,  and  a  rib  in  the  middle  to  fit  into 
the  hollow  of  the  rail,  keys  being  driven  through  the  webs  of  the  rail  and  this  rib. 
The  gauge  is  maintained  by  transverse  tie-rods  fastened  by  vertical  cotters.  The 
track  seems  to  resemble  the  Macdonnell  track  on  the  Great  Western  Railway. 

The  following  is  given  as  the  weight  per  mile  of  single  track : 


Sails,  24  feet  long,  106  poands  per  yard 

Chairs: 

Joint,  90  poands  each 

Intermediate,  45  pounds  each 

Tie  rods,  1}  inch  diameter,  30  pounds  each. 
Keys: 

Joint,  3  pounds  each 

Intermediate,  3  pounds  each 

Springs,  for  lieys 

Cotters,  for  tie-rods,  3  pounds  each 


Total. 
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The  MacLeUan  ties. — The  MacLellan  &,  Smith  patents  are  for  ties  of  embossed  steel, 
either  in  the  shape  of  bowls  or  cross-lies.  A  description  of  the  former  will  be  found 
in  this  report,  under  "India"  (Calcutta  Port  Railway),  and  of  the  latter  under 
"Australia  "  (South  Australian  Government  Railways).  (See  plates  Nos.  18  and  25.) 
They  are  manufactured  by  P.  &,  W.  MacLellan,  of  the  Clutha  Iron  Works,  Glasgow. 
MacLellan's  wronght-irou  ties  have  also  been  used  in  India,  on  the  State  Railways. 

The  Chair  and  Sleeper  Company's  tie. — The  tie  manufactured  by  this  company,  of 
Widnes,  Lancashire,  and  in  use  on  the  North  Staffordshire  Railway,  is  a  steel  tie  of 
V-section.  For  double-headed  rails,  the  ordinarj'  cast-iron  chairs  are  secured  to  the 
flanges.  For  flange  rails  an  angle  plate  at  each  end,  as  long  as  the  width  of  the  top 
of  the  tie,  is  secured  by  two  rivets,  and  supports  the  outer  side  of  the  rail,  while  two 
loose  riveted  clamps  are  forced  round  upon  the  rail  flange  on  the  inner  side.  At  joints 
the  vertical  part  of  the  riveted  angle-bar  is  as  long  as  a  splice-bar,  and  has  four  pro- 
jections or  studs,  which  engage  with  the  holes  in  the  webs  of  the  rails.  Bolts  are 
thus  dispensed  with.  The  tie  is  intended  for  light  railways,  collieries,  etc.,  as  well 
as  for  main  lines. 
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SuMMAKY  ov  Metal  Tkack  for  England. 

Milee. 

Northeaetern  Railway 5 

Loudon  and  NortUwestern  Railway 56 

Midland  Railway 5 

Great  Northern  Railway t 

London  and  Southwestern,  London,  Brighton  and  South  Coast,  Metropolitan, 

Metropolitan  District  and  Mersey  Railways  (estimated) f 

Great  Eastern  Railway 2^ 

Total 70 

SCOTLAND. 

General  Remarks. — The  length  of  railways  in  Scotland  is  about 
2,900  miles,  laid  exclusively  with  wooden  ties. 

Great  North  of  Scotland  Railway. — Mr.  P.  M.  Barnett,  chief 
engineer,  writing  in  August,  1889,  stated : 

Metal  ties  have  not  been  tried  on  this  line.  The  ties  used  are  of  Scotch  fir,  9  feet 
long,  4i  inches  thick,  5^  inches  face,  and  10  inches  wide  at  bottom.  All  the  ties  are 
creosoted,  and  the  cost,  including  creosotiug,  was,  at  the  time  of  the  report,  56  cents 
per  tie.  The  forests  from  which  the  ties  for  this  line  are  supplied  are  in  the  counties 
of  Aberdeen,  Banff,  Elgin,  and  Inverness. 

Highland  Railway. — Mr.  M.  Patterson,  chief  engineer,  stated  in 
August,  1889 : 

Metal  ties  have  never  been  tried  on  this  line.  Scotch  fir  and  larch  and  some  Baltic 
fir  are  used.  The  Scotch  and  Baltic  fir  is  all  creosoted,  and  the  company  has  now 
begun  to  creosote  the  larch  ties.  The  ties  are  9  feet  long ;  the  foreign  ones  are  of 
rectangular  section,  10  by  >^  inches,  and  the  native  ones  are  slabbed  on  the  back  for 
a  breadth  of  5  inches  to  give  a  seat  for  the  chairs.  The  larch  lies  cost  84  cents  to  86 
cents  and  the  fir  ties  60  cents,  when  creosoted.  The  line  is  in  the  best  part  of  Scot- 
land for  native  ties,  and  considerable  quantities  are  sent  to  lines  in  the  south  of  Scot- 
land and  some  to  England. 

IREIiAND. 

Midland  Great  Western  Railway. — Some  years  ago  Mr.  James 
Price,  while  chief  engineer  of  the  road,  introduced  a  system  of  cast- 
iron  ties,  experimentally,  and  obtained  excellent  results.  The  follow- 
ing description  refers  to  ties  of  the  type  used,  but  as  subsequently 
improved  upon  by  Mr.  Price,  who  has  furnished  me  the  particulars. 
Each  tie  consists  of  two  boxes  and  a  tie-bar.  The  boxes  are  0  by  6 
inches  square,  4^  inches  deep,  open  at  the  top ;  they  are  cast  with  a 
hollow  base  12  by  12  inches  square,  2  inches  deep,  and  one  side  of 
the  box  (transverse  to  the  rail)  is  extended  to  the  width  of  the  base, 
having  a  bolt  hole  in  each  wing.  The  box  is  partly  filled  with  a  special 
mixture  of  "sawdust  asphalt,"  consisting  of  sawdust  mixed  with  well- 
boiled  tar,  as  little  of  the  latter  as  possible  being  used.  This  material 
is  said  to  be  everlasting,  permanently  elastic,  and  very  cheap.  LTpou 
this  is  placed  a  plate  fitting  into  the  box  like  a  piston,  and  the  rails  (of 
fiange  section)  rest  on  this  plate  and  not  on  the  sides  of  the  box  3  so 
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that  tbey  have  a  firm  but  elastic  bearing.  The  tie-bar  is  3  inches  deep 
by  half  an  inch  thick,  with  a  clip  or  jaw  on  the  upper  edge  at  each 
end,  to  hold  the  outer  tlange  of  each  rail.  The  inner  flange  is  held  by 
a  short  flat  i)late  of  the  same  shape  as  the  end  of  the  tie-bar.  Bolts  of 
linch  diameter  pass  through  the  plate,  tie-bar,  and  the  wings  of  the 
box,  and  by  the  use  of  bolts  with  tapered  necks  a  very  strong  grip 
can  be  given  on  the  rail  flange.  The  ballast  is  brought  up  level  with 
the  top  of  the  boxes. 

FRANCE. 

General  Remarks. — In  this  country  no  railway  has  definitely 
adopted  metal  ties  for  general  use,  but  experiments  with  diflerent 
forms  of  ties  have  been  made  and  are  still  being  conducted  on  five  of 
the  seven  principal  railway  systems;  in  some  cases  to  a  sufficient  ex- 
tent to  enable  conclusions  to  be  drawn  as  to  comparisons  between 
track  on  metal  ties  and  on  wooden  ties.  There  has  been  a  tendency 
toward  the  designing  of  ties  of  complicated  construction,  made  up  of  a 
number  of  parts  or  difficult  to  manufacture;  such  ties,  however,  are 
necessarily  more  expensive  and  troublesome  than  ties  which  are  simple 
In  design  and  easy  to  manufacture,  and  for  these  reasons  their  wider 
introduction  is  not  probable,  after  practical  trials  shall  have  proved 
their  deficiencies.  The  majority  of  metal  ties  now  in  use  are  of  forms 
derived  from  the  type  designed  by  Mr.  Vautherin,  a  French  engineer; 
this  type  consisted  of  a  cross-tie  of  inverted  trough  section,  with  sides 
flaring  outward  from  the  top,  and  having  a  narrow  horizontal  flange  on 
each  lower  edge.  The  Vautherin  tie  is  the  basis  of  the  form  of  a  very 
large  number  of  the  ties  designed  and  introduced  within  recent  years. 
These  ties  were  first  used  in  1864,  on  the  Paris,  Lyons  and  Mediter- 
ranean Railway,  and  were  used  later  on  the  same  company's  lines  in 
Algeria.  Mr.  Clerc,  of  the  Western  Railway,  in  a  paper  published  in 
the  Revue  Geuerale  des  Chemins  de  Fer,  Paris,  March,  1889,  stated 
that  of  the  numerous  systems  of  metal  ties  which  have  been  tried,  the 
majority  had  not  proved  satisfactory,  and  only  a  few  would  bear  close 
investigation.  Of  these  numerous  systems  few  had  been  designed  by 
persons  experienced  with  railway  work ;  for  while  the  manufacturers 
have  considerable  interest  in  the  adoption  of  metal  ties,  most  railway 
engineers  jjrefer  wooden  ties,  and  difficulty  in  obtaining  wood  appears 
to  them  to  be  the  only  reason  justifying  the  use  of  metal  ties.  The 
time  when  this  difficulty  will  really  necessitate  the  use  of  metal  ties  can 
not  yet,  he  says,  be  foreseen.  The  price  of  wooden  ties  was  then  less 
than  it  had  been  during  thirty  years,  and  this  reduction  was  apparently 
due  to  the  development  of  certain  districts  and  the  facilities  of  trans- 
portation resulting  from  the  extension  of  the  railway  systems.  The  use 
of  creosoted  ties  has  increased  the  durability  of  the  track,  and  no  limit 
of  service  can  yet  be  assigned  to  ties  of  creosoted  beech ;  such  ties  have 
been  in  service  for  twenty-five  years,  and  were  in  good  condition  at  the 
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end  of  that  time,  except  a  few  not  thoroughly  treated  and  some  which 
had  been  split,  cut  by  the  chairs,  or  otherwise  damaged,  but  which  had 
not  decayed.  Nevertheless,  Mr.  Clerc  believes  that  tl»e  question  of 
the  use  of  metal  ties  should  not  be  overlooked,  and  trials  have  in  fact 
been  made  upon  the  line  with  which  he  is  connected. 

In  1885  Mr.  Bricka,  engineer  in  chief  of  the  state  railways,  was  di- 
rected by  the  minister  of  public  works  to  investigate  the  principal 
systems  of  metal  track  in  use  in  Europe,  and  he  presented  a  very  com- 
plete and  valuable  report,  embodying  the  results  of  his  investigations. 
He  came  to  the  conclusion  that  the  use  of  track  with  metal  ties  is  ad- 
vantageous, and  is  not  in  general  more  expensive  than  that  with  wooden 
ties,  when  the  proportion  of  the  prices  does  not  exceed  8  to  5.  He 
recommended  cross-ties  of  the  Bergand-Markor Post  sections,  both  of 
which  are  modifications  of  the  Vautherin  tie.  Ho  further  recommended 
that  a  series  of  practical  trials  should  be  carefully  conducted.  If  prop- 
erly carried  out  the  cost  would  not  be  great,  and  the  results  thus  ob- 
tained and  recorded  would  be  extremely  valuable.  Be  did  not  think, 
however,  that  the  use  of  metal  ties  would  become  general  in  France  to 
replace  wooden  ties,  as  there  are  yet  extensive  timber  resources  and  the 
use  of  wood  will  be  always  economical  in  forest  districts.  A  point  not 
referred  to,  however,  is  the  superiority  of  track  on  metal  ties  over 
that  on  wooden  ties,  especially  under  heavy  and  rapid  traffic.  Metal 
longitudinals  have  only  been  tried  to  a  very  limited  extent. 

Use  of  old  rails. — Several  forms  of  ties  in  which  old  rails  are  to  be 
used  have  been  designed  by  Mr.  Ozanne.  They  consist  of  diftereut 
forms  of  cast  iron  plates  and  rail  chairs  combined,  placed  in  pairs  and 
connected  by  an  old  rail,  forming  a  tie-bar,  bolted  or  keyed  to  them. 

State  Railways. — The  following  information  is  taken  from  a  special 
detailed  report,  sent  to  me  in  March,  1888,  by  Mr.  Bricka,  the  engineer 
in  chief,  and  from  other  reports  sent  by  division  engineers,  dealing  with 
the  several  queries  contained  in  the  circulars  accompanying  my  letters 
of  inquiry. 

The  reason  for  using  metal  ties  was  that  engineers  had  learned  from 
the  experiments  and  trials  made  iu  Germany,  Austria,  and  Switzer- 
land that  the  use  of  metal  ties  ottered  considerable  advantages;  the 
engineers,  therefore,  decided  to  employ  such  ties  to  a  sufficient  extent 
to  enable  them  to  judge  for  themselves  as  to  the  results  to  be  obtained 
from  their  use.  Up  to  the  date  of  Mr.  Bricka's  communication  (March, 
1888)  the  track  had  remained  in  good  condition;  it  was  as  firm  as 
and  more  solid  than  track  on  wooden  ties;  there  was  no  trouble  with 
the  rail  attachments,  and  no  breakages  had  occurred ;  no  difficulty  was 
experienced  with  the  maintenance,  which,  after  a  time,  tended  to  be- 
come less  than  the  maintenance  of  track  on  wooden  ties.  The  rails  are 
of  double-headed  section  on  some  parts  of  the  line,  and  of  flange  section 
on  other  parts.  The  ordinary  cast-iron  chairs  have  been  used  on  some 
of  the  metal  ties  on  account  of  the  large  stock  on  hand  of  double-headed 
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rails;  but  with  metal  ties  there  is  less  need  of  such  chairs  for  the  pur- 
pose of  (listributiug  the  pressure.  The  joints  are  suspeuded  aud  are 
si)Iiced  by  tish -plates  and  four  bolts.  The  ballast  is  of  sand,  gravel,  or 
broken  stone;  on  the  outside  of  the  track  it  is  brought  up  level  with 
the  under  sideof  the  rail  head  j  on  the  inner  side  it  is  level  with  the 
bottom  of  the  rail  and  is  crowned  toward  the  middle  of  the  track.  The 
wooden  ties  are  of  pine  from  the  Laudes,  impregnated  with  chloride  of 
zinc,  which  cost  52  cents  each  in  the  southwest  district  of  the  system. 
Oak  ties  cost  05  cents,  and,  since  18SG  or  1887,  these  ties  also  have  been 
impregnated  with  chloride  of  zinc,  which  increases  the  price  11  cents 
per  tie.  The  temi)erate  climate  of  the  region  in  which  this  system  of 
railways  lies  is  favorable  to  the  life  of  wooden  ties.  Atmosi)heric  agen- 
cies do  not  appear  to  atfect  the  metal  ties,  which  only  corrode  in  tunnels 
and  when  laid  in  ballast  containing  sulphurous  material.  No  preserva- 
tive process  or  coating  is  api)lied  to  these  ties.  The  engines  with  three 
axles  weigh  5G  tons,  and  those  with  four  axles  75  tons,  including  the 
tender.  The  load  on  the  axles  of  the  engines  is  from  10  to  Li  tons. 
The  speed  of  express  trains  ranges  from  38  to  50  miles  per  hour.  The 
lines  are  of  standard  gauge,  4  feet  8^  inches. 

(J)  Pauht  and  Lavnleile  ties  (See  plate  No.  5). — These  ties  were  laid  in  August, 
1885,  for  a  leugth  of  11,119.20  feet,  ou  the  line  from  Paris  to  Bordeaux  (section  from 
Moutrenil-Bellay  to  Niort).  Mr.  Tyndall,  of  Tours,  was  the  engineer  in  charge. 
There  are  uiuo  trains  per  day,  with  a  speed  of  'S7  to  50  miles  per  hour.  The  line  is 
double  track,  aud  the  proHle  and  alignment  of  the  track  laid  with  these  ties  are  as 
follows: 
Profile :  Feet. 

Level 2,246.80 

On  grades  of  1  per  cent 5, 412 

On  grades  of  .5  per  cent 721,60 

On  grades  of  .1  per  cent 2,738.80 

Alignment: 

On  tangents 3,690.69 

On  curves  of  1,640  feet  radius 7,428.51 

The  ties  are  made  of  iron  and  are  of  two  forms,  single  and  double.  The  single  ties 
are  made  of  two  angle-irons  3.6  inches  wide,  2.8  inches  high,  .36  inch  thick,  and  7.55 
feet  long;  these  are  placed  back  to  back  aud  have  the  ends  bent  slightly  outward. 
A  rib  on  the  bottom  of  each  of  the  two  rail  chairs  rests  between  the  angle-irons,  and 
each  chair  is  secured  by  four  rivets  passing  through  the  angle-irons  and  rib.  The 
weight  is  about  165  pounds  per  tie.  The  double  ties  are  placed  24  or  32  inches  apart, 
and  are  connected  at  the  ends  by  irons  of  the  same  section  bent  to  the  form  of  a  \J, 
the  legs  being  parallel  with  the  main  angle-irons  and  riveted  to  them  ;  the  ribs  oi 
the  chairs  lie  between  the  main  and  end  pieces  and  arc  secured  by  the  rivets.  The 
double  ties  used  at  curves  have  the  angle-irons  about  32  inches  apart,  and  weigh  308 
pounds  each  ;  those  used  at  the  rail  joints  have  the  angle-irons  about  24  inches  apart, 
and  weigh  290.4  pounds  each.  The  single  ties  on  straight  lines  are  spaced  33  inches 
apart,  centre  to  centre,  aud  32  inches  from  the  joint  ties.  On  curves  two  of  the 
double  ties  are  substituted  for  four  single  intermediate  ties,  leaving  one  single  tie  at 
the  middle.  The  double  ties  are  spaced  32  inches  apart,  or  34  inches  from  the  single 
ties.  The  ties  were  manufactured  by  the  Soci^t^  Anouyme  des  Hants  P"'ourneaux,  of 
Maubenge.  The  first  cost  was  about  $45  per  ton,  aud  the  expense  of  maintenance  is 
said  to  be  lower  than  that  of  track  with  wooden  ties.    These  ties  must  be  manufactr 
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ured  with  great  care,  as  otherwise  the  rivets  may  not  fit  exactly  and  may  throw  the 
track  out  of  ;;augo.  They  are  more  expensive  in  first  cost  and  are  less  advantageous 
than  ties  of  the  Vautheriu  type.  The  rails  used  are  of  double-headed  section,  5.3 
inches  high,  with  heads '^.4  inches  wide,  and  weighiu»j  70.5  pounds  per  yard.  Th© 
upper  parts  of  the  chairs  are  of  the  usual  form,  and  the  rails  are  secured  in  them  by 
keys.  The  ballast  is  of  broken  granite,  and  is  about  22  inches  deep  between  the 
rails  and  12  inches  deep  uuder  the  ties.  The  width  of  ballast  is  23.4  feet  on  top,  ex- 
tending 3.4  beyond  the  ties.     The  road-bed  at  subgrude  is  flat. 

Mr.  Bricka  stated  in  his  letter  that  the  Pauletand  Lavalette  ties  were  only  used  on 
a  short  length  of  track.  They  have  given  satisfactory  results,  but  on  account  of  the 
high  price  and  the  chances  for  damage  which  they  present,  the  ties  derived  from  the 
Vatitherin  type  are  much  preferred,  more  especially  as  their  advantages  have  already 
been  demonstrated  in  other  countries.  Mr.  Tyndall,  division  engineer,  writing  in 
May,  1888,  in  regard  lo  these  Paulet  and  Lavalette  ties,  stated  that  those  laid  up  to 
that  date,  for  a  length  of  2.5  miles,  had  given  satisfaction,  no  chairs  having  been 
broken  and  no  rivets  loosened  He  thought  that  they  would  be  better  if  made  8.2 
feet  long  instead  of  7.55  feet,  and  that  for  sa  nd  ballast  J_  irons  she  "Id  be  used,  with 
the  inner  flanges  just  wide  enough  to  meet,  so  as  not  to  allow  the  ^iind  to  pass  up 
into  the  tie  while  being  tamped.  The  track  was  good,  and  the  cost  of  keeping  it  la 
repair  was  about  the  same  as  for  the  track  alongside  of  it,  whic"h  was  laid  on  wooden 
ties. 

(B)  Vauiherin  ties  of  uniform  section  for  double-headed  rails  (See  plate  No.  5). — At 
the  time  of  the  report  there  were  on  the  line  from  Paris  to  Bordeaux  4.25  miles  laid 
with  these  ties  on  the  section  between  Chartres  and  Bron,  3.1  miles  were  being  laid 
on  the  section  between  Niort  and  La  Rochelle,  and  ties  were  being  manufactured  for 
18.6  miles  more.  Those  on  the  first  section  were  laid  in  January,  1887,  under  the 
supervision  of  Mr.  E.  Colin  (See  paragraph  D).  On  this  section  the  ties  are  on  the 
level  for  about  I  mile,  and  for  the  remainder  of  the  distance  on  grades  of  from  1.2 
per  cent,  to  .2  per  cent.;  about  2.67  miles  are  on  tangents,  and  the  remainder  on  curves 
of  from  1,804  feet  to  9,840  feet  radius.  The  line  is  single  track,  and  the  traffic  con- 
sists of  twenty-two  trains  per  day,  the  speed  of  the  express  trains  being  from  37 
to  50  miles  per  hour.  Mr.  Delaunay  was  the  engineer  in  charge  of  the  second  sec- 
tion, the  traffic  of  which  consisted  of  twelve  trains  per  day.  The  rails  are  of  similar 
section  and  weight  to  those  already  described.  The  ballast  is  of  sand  and  clean 
gravel,  about  13.2  inches  deep  under  the  ties.  The  width  of  the  ballast  bed  is  about 
ir.7  feet  on  top  and  17  feet  at  the  bottom.  The  road-bed  at  subgrade  is  crowned. 
The  ties  are  of  uioditied  Vautheriu  type,  of  uniform  section  throughout,  having  the 
top  table  of  uniform  thickuess,  and  having  ribs  instead  of  horizontjil  flanges  on  the 
lower  edges.  They  are  8.2  feet  long,  4.8  inches  wide  on  top,  3.2  inches  deep,  and 
10.12  inches  wide  at  the  bottom ;  the  thickness  of  the  top  table  is  .4  inch,  while  that 
of  the  sides  varies  from  .28  inch  near  the  bottom  to  .32  inch  near  the  top.  The  weight 
is  126.72  pounds.  In  the  track  they  are  spaced  21  inches  apart,  center  to  center,  at 
joints,  and  intermediate  ties,  39.2  iuches  apart.  No  special  arrangement  of  the  ties 
is  used  at  curves.  The  ties  are  of  mild  steel  and  ai-e  manufactured  by  the  Soci6t6  de 
Denain  et  d'Anzin,  and  cost  about  $'.}0  per  ton  delivered  at  the  track.  The  expense 
for  maintenance  during  the  first  year  is  about  the  same  as  with  wooden  ties,  but  it 
diminishes  afterwards.  This  type  of  tie  has  given  general  satisfaction,  and  judging 
from  experience  in  other  countries,  they  should  have  a  life  of  at  least  thirty  years. 
The  chairs  used  are  of  cast-iron,  of  the  ordinary  form,  but  having  a  lug  on  the  under 
side  which  fits  into  a  slot  in  the  tie;  they  are  fastened  by  two  bolts  with  ^  heads 
inside  the  tie. 

(C)   Vautheriu  ties  of  varying  section,  for  Jlange  rails  (See  plate  No.  6). — On  the  line 

from  Paris  to  Bordeau  XD  (section  between  Chartres  and  Bron)  4.2  miles  were  laid  in 

January,  1887,  under  the  supervision  of  Mr.  Colin  (See  paragiaph  E).     About  1  mile 

of  this  distance  is  on  the  level,  the  remainder  being  on  grades  of  .7  to  .1  per  cent. ; 
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about  3.25  milos  are  ou  tangents,  the  remainder  on  carves  of  5,000  to  8,200  feet  radius. 
The  tratlic  consists  of  twenty-two  trains  per  day.  The  ballast  is  of  broken  {granite 
and  the  section  of  road-bed  is  as  described  in  Paragraph  B.  The  rails  are  of  ilange 
section,  5.2  inches  high,  5.2  inches  wide  over  tlie  Ilange,  with  a  head  2.4  inches  wide, 
and  weigh  78  pounds  per  yard.  On  the  line  from  Tours  to  Sables  (section  between 
Brcssuiro  and  Sables),  4.G  miles  were  laid  in  March,  1887,  under  the  supervision  of 
Mr.  MadtOaine.  About  1.25  miles  are  on  the  level,  the  remainder  being  on  grades  of 
1.4  to  .7  per  cent. ;  about  2.1  miles  are  on  tangents,  and  the  remainder  ou  curves  of 
2,427  feet  to  G,000  feet  radius.  The  traffic  consists  of  twelve  trains  per  day.  The 
ballast  is  of  the  same  material  and  the  road-bed  is  of  the  same  general  section  as  de- 
scribed above,  except  that  the  bed  at  subgrade  is  flat  and  not  crowned.  The  rails 
are  of  flange  section,  5.2  inches  high,  4  inches  wide  over  the  flange,  with  a  head  2.4 
inches  wide,  and  weigh  70.4  pounds  per  yard.  The  ties  are  of  the  modified  Vautherin 
type,  of  varying  sectiou  and  thickness  of  top  table,  being  somewhat  similar  to  the 
"Post"  type  of  tie  (Netherlands  State  Railways).  They  are  very  similar  to  those 
described  in  Paragraph  B,  but  the  thickness  of  the  top  table  varies  from  .40  inch  or 
.44  inch  at  the  rail  seat  to  .28  inch  or  .32  inch  at  the  middle;  they  are  8.52  feet  long, 
with  a  top  table  G  inches  wide.  They  are  bent  to  give  the  rails  an  inward  cant  of  1 
in  20,  and  the  ends  are  closed.  They  are  of  mild  steel  and  weigh  124.3  pounds  each. 
They  were  manufactured  by  the  Socidt6  de  Denain  et  d'Anzin,  and  cost  $34  per  ton. 
The  expense  for  maintenance  during  the  first  year  is  about  the  same  as  with  wooden 
ties,  but  it  then  begins  to  diminish.  The  ties  have  given  good  results  a.nd  are  ex- 
pected to  last  thirty  years  in  service.  The  fastenings  used  are  of  two  types ;  the  first 
consists  of  a  bolt  on  each  side  of  the  rail  flange,  the  bolt  having  a  JL  head  inside  the 
tie,  and  a  clamp  or  washer  held  down  on  the  rail  flange  by  the  nut ;  the  clamp  has  a 
l)rojection  which  fits  into  a  slot  in  the  tie ;  the  second  type  of  fastening  consists  of  an 
arrangement  of  gibs  and  cotters,  each  side  of  the  rail  flange  being  held  by  a  gib,  and 
a  vertical  cotter  being  driven  on  one  side.  This  latter  type  is  said  to  be  satisfactory, 
and  to  appear  to  bo  superior  to  the  fastening  by  bolts  and  clamx^s,  a  result  which  is 
at  variance  with  early  experience  with  gib  and  cotter  fastenings,  it  having  been 
found,  as  a  rule,  that  the  cotter  worked  loose,  or  else  rusted  in  so  that  it  could  not 
be  moved  and  must  be  broken  ofl",  the  whole  fastening,  as  a  rule,  soon  becoming  loose 
enough  to  make  a  noisy  rattling  track.  Some  of  the  German  railways,  and  the  West- 
ern Railway  of  Switzerland,  also  report  good  results  from  the  use  of  an  improved  gib 
and  cotter  fastening.  For  rail  lengths  of  20  feet  the  end  ties  are  spaced  24  inches, 
center  to  center,  and  the  intermediate  ties  36  inches ;  for  lengths  of  36  feet,  the  mid- 
dle and  end  ties  are  spaced  24  inches,  center  to  center,  and  the  intermediate  ties  39.2 
inches. 

Mr.  Edmond  Colin,  engineer  of  the  First  Division  (Premier  Arrondissemont),  sent 
me  in  July,  1888,  a  detailed  report  of  experiments  made  under  his  charge  on  this  di- 
vi.sion,  with  three  types  of  metal  ties.  The  trials  were  made  on  the  line  from  Paris 
to  Bordeaux  (section  between  Chartres  and  Brou),  on  a  single  track.  These  ties  had, 
however,  been  in  service  too  shdrt  a  time  to  enable  their  durability  to  be  determined, 
but  no  breakages  had  been  observed  since  the  ties  were  laid.  They  were  all  of  mild 
steel,  and  were  manufactured  by  the  Soci<St6  de  Denain  et  d'Anzin.  They  were 
spaced  24  inches  apart,  center  to  center  at  the  joints,  and  39.2  inches  intermediate. 
The  ballast  used  is  very  fine  sand  or  gravel,  mixed  with  40  per  cent,  of  broken  flint; 
it  is  brought  up  level  with  the  top  of  the  ties,  and  is  about  14  inches  deep  under  the 
rail  seats,  where  it  is  packed  into  the  tie.  The  ballasting  has  to  be  done  with  great 
care,  and  requires  at  first  more  continuous  care  with  metal  ties;  but  it  holds  in  them 
better,  and  after  the  first  year  the  maintenance  requires  considerably  less  time.  The 
track  on  metal  ties  keeps  in  better  line  and  surface  and  is  more  solid  than  track  on 
wooden  ties.  The  oak  ties  used  cost  92.2  cents  each,  and  5.6  cents  more  if  treated 
with  chloride  of  zinc ;  their  average  life  is  twelve  years.  The  climate  of  the  region 
is  temperate,  but  the  wooden  ties  are  affected  by  the  various  conditions  of  .the  ballast, 
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according  to  the  seasons ;  while  moist  in  the  spring  and  autumn,  it  dries  completely 
iu  the  siiuimer;  the  fastenings  then  work  loose  and  the  tie  lias  a  tendency  to  split. 
With  the  metal  ties  the  atmospheric  induunces  give  uu  cause  for  apprehension,  and 
it  has  been  observed  that  these  ties  do  not  rust  more  than  the  rails.  The  trathc  con- 
sists of  fourteen  i)as8enger  trains  (the  speed  of  express  trains  being  37  to  50  miles  an 
hour)  and  eight  freight-trains  (carrying  merchandise,  grain,  wine,  and  cattle)  iu 
twenty-four  hours.  The  locomotives  are  of  three  classes:  (I)  with  two  axles  coupled, 
weighing  36  tons;  (2)  with  three  axles  coupled,  weighing  33  to  .37  tons;  (3)  with 
four  axles  coupled,  weighing  53.3  tons;  the  load  per  axle  is  from  11  to  14  tons.  Fol- 
lowing are  the  details  of  Mr.  Coliu's  report : 

(Z))  Modified  form  of  rautherin  type  of  tie,  toith  uniform  section  and  thickness  through- 
out (See  paragraph  B). — These  ties  were  laid  between  November,  1886,  and  February, 
1887,  for  a  length  of  4.4  miles;  1.25  miles  was  on  the  level  and  the  remainder  on  grades 
of  .13  to  1.15  per  cent. ;  about  3  miles  were  on  tangents,  and  the  remainder  on  curves 
of  1,640  to  9,840  feet  radius.  The  section  is  uniform  for  the  whole  length,  and  is  that 
of  a  Vautherin  tie  of  which  the  upper  table  is  widened,  and  the  sides  have  a  rib 
along  the  bottom  edge  instead  of  a  horizontal  liauge.  The  tie  is  horizontal,  quite 
flat,  8.2  feet  long,  4.8  inches  wide  on  top,  U.2  inches  wide  inside  at  the  bottom,  and 
3.2  inches  deep  ;  the  sides  flare  outward  from  the  top  and  theirturn  down  vertically ; 
the  thickness  varies  from  .28  inch  and  .32  inch  at  the  sides  to  .40  inch  on  top.  The 
weight  is  129  pounds.  The  ends  are  bent  down  vertically  to  close  the  ends  of  the 
trough.  A  few  of  the  ties  were  coated  with  coal  tar  at  the  works;  the  others  were 
not  given  any  preparation.  The  cost  was  ^'iO  per  tou  at  the  market  rates  of  1886 
and  $28  per  ton  at  those  of  1888.  The  maintenance  expense  duriug  the  tirst  year  was 
nearly  equal  to  that  of  track  with  wooden  ties,  but  it  tended  to  diminish  sensibly 
after  the  first  year.  No  special  arrangements  are  made  on  curves.  The  rails  are  of 
double-headed  section,  36.08  feet  long,  weighing  76.5  pounds  per  yard.  They  are 
carried  iu  cast-iron  chairs,  which  are  similar  to  those  used  on  wooden  ties,  but  have 
a  lug  on  the  under  side  which  fits  into  a  slot  iu  the  top  table  of  the  tie.  Each  chair 
is  fastened  by  two  T-headed  bolts,  and  the  rails  are  secured  iu  the  chairs  by  wooden 
keys.  The  rails  are  laid  to  break  joint,  the  joints  are  suspended,  aud  are  spliced  by 
fish-plates  and  four  bolts.  The  results  obtained  have  been  satisfactory,  the  track 
keeping  in  good  line  and  surface.  The  passage  of  trains  is  as  smooth  iis  on  a  track 
laid  with  wooden  ties ;  at  tirst  it  was  a  little  harder,  but  tliere  is  now  no  diflerence. 
The  maintenance  presents  no  difficulty,  aud  there  is  only  one  special  precaution  to 
be  taken  for  lining  of  the  track.  To  shift  the  track  in  lining  up  it  is  necessary, 
owing  to  the  closing  of  the  ends  of  the  tie,  to  open  up  the  ballast  to  the  outside  of 
the  end  of  the  tie  on  the  side  towards  which  it  is  to  be  brought  back,  and  to  open  up 
the  ballast  iu  the  interior  of  the  tie  from  the  opposite  end ;  unless  this  is  done  the 
track  will  shift  back  to  its  original  position  on  the  passage  of  the  first  traiu.  The 
rail  fasteuings  give  no  trouble.  During  the  first  few  months  there  were  some  chairs 
broken,  which  was  attributed  to  insufficient  packing  of  the  ties.  Only  one  tie  had 
been  found  broken;  it  was  broken  transversely  under  the  chair,  aud  the  break  ap- 
peared to  be  due  to  a  defect  in  the  manufacture.  The  replacing  of  this  tie  was  done 
without  any  difficulty  by  removing  the  ballast,  sliding  the  new  tie  in  uuder  the  rails, 
and  then  attaching  the  chairs.  The  tics  behave  well,  and  the  ouly  improvement 
suggested  was  the  strengthening  of  the  rail  chairs.  The  opinion  given  was  that  this 
type  of  tie  is  quite  satisfactory  and  gives  perfect  safety. 

(A')  Modified  form  of  Vauther'in  type  of  tie,  with  varying  section  (See  paragraph  C). — 
These  ties  were  laid  iu  February  and  March,  1887,  for  a  length  of  4.46  miles;  1.24 
miles  were  on  the  level,  and  the  remainder  on  grades  of  .12  to  .7  percent. ;  3.53  miles 
were  on  tangents,  and  the  remainder  on  curves  of  4,920  feet  to  8,200  feet  radius.  The 
general  form  is  similar  to  that  described  above  (paragraph  D),  but  the  section  varies 
at  difierent  parts  of  the  length,  aud  the  top  table  has  an  extra  thickness  of  metal  at 
the  rail  seats.    The  tie  is  bent  to  give  the  rails  an  inward  incliuatiou  of  I  iu  20,  and 
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the  ends  are  closed.  The  length  is  8.52  feet;  width  of  top  table,  6  inches;  weight, 
124.3  poundH.  Some  are  tarred  at  the  works,  the  others  are  used  without  treatment. 
The  price  was  $34  per  ton  at  the  market  rates  of  1886.  The  experience  as  to  cost  of 
maintenance  has  been  the  same  as  noted  for  the  preceding  type  (paragraph  D).  No 
special  arrangements  are  made  on  curves.  The  rails  are  of  flange  section,  36.08  feet 
long,  weighing  76.5  pounds  per  yard.  They  are  placed  directly  on  the  ties.  Some 
are  fastened  to  the  ties  by  gib  and  cotter  fastening,  a  vertical  cotter  being  used ;  the 
others  are  fastened  by  bolted  clamps.  There  are  two  clamps  to  each  rail;  they  are 
of  r"  shape;  the  horizontal  ])art  bears  on  the  flange  of  the  rail  and  the  vertical  part 
rests  on  the  tie  and  has  a  projection  which  fits  into  a  hole  in  the  top  table  of  the  tie ; 
a  tee-heatled  bolt  passes  up  through  the  tie  and  clamp  and  is  secured  by  a  nut  on 
top.  The  track  was  first  laid  with  even  joints,  but  was  then  being  changed  to  break- 
joint,  that  system  being  preferred;  the  joints  are  suspended  and  are  spliced  by  fish- 
plates and  four  bolts.  The  remarks  as  to  results  and  maintenance  are  the  same  as 
for  the  preceding  type  described  (paragraph  D),  excejjt  that  the  passage  of  trains 
was  still  a  little  less  smooth  than  on  track  with  wooden  ties.  The  rail  attachments 
gave  no  trouble  and  there  had  been  no  breakage.  Experiei:ce  up  to  that  date  had 
shown  that  the  gib  and  cotter  fastenings  were  better  than  those  with  clamps.  The 
opinion  given  -was  that  this  type  made  a  very  solid  track  and  one  very  easy  lor  main- 
tenance. 

(jP)  Boyenval  and  Ponsard  tie  (See  plate  No.  6). — Ties  of  this  type  were  laid  in 
April,  1888,  for  a  length  of  298.48  feet  on  a  tangent  of  a  grade  of  0.25  per  cent.  They 
are  of  uniform  section  throughout,  and  the  cross-section  is  that  of  three  troughs,  the 
middle  one  open  at  the  top  and  the  two  outer  ones  open  at  the  bottom.  The  ties  are 
horizontal,  8.2  feet  long,  8  inches  wide  on  top,  10.2  inches  wide  at  the  bottom,  and  2.8 
inches  deep;  the  width  of  the  top  is  made  up  of  two  bearing  surfaces  2.4  inches  wide 
and  a  channel  3.2  inches  wide ;  the  bottom  width  is  made  up  of  two  channels  3  inches 
wide,  a  middle  bearing  2.8  inches  wide,  and  two  flanges  .7  inch  wide.  The  thickness 
of  top  and  bottom  is  .32  inch,  and  of  the  sides  .20  inch.  The  weight  is  129.8  pounds. 
They  were  all  tarred  at  the  works,  and  the  price  was  $2.48  each.  The  ends  of  the 
two  outer  channels  are  closed  by  riveted  angle-pieces.  The  rails  are  of  double- 
headed  section,  :J6.08  feet  long,  weighing  76.5  pounds  per  yard;  they  are  carried  in 
cast-iron  chairs  a  little  stronger  than  those  used  with  wooden  ties,  and  having  a  lug 
on  the  bottom  which  fits  into  a  hole  in  the  tie.  Each  chair  is  fastened  to  the  tie  by 
four  bolts.  No  special  arrangement  would  be  used  for  curves.  The  rails  are  laid  to 
break-joint;  the  joints  are  suspended  and  are  spliced  by  fish-plates  and  four  bolts. 
The  results  obtained  hadso  far  been  satisfactory,  and  the  passage  of  trains  was  as 
smooth  as  on  a  track  with  wooden  ties.  There  had  beeu  no  breakages,  no  trouble 
with  the  fastenings,  and  no  difficulty  with  maintenance,  while  the  lining  up  was 
easily  effected;  the  maintenance  would  not  dift'er  much  from  that  with  other  metal 
ties.  The  experience  with  this  type  of  tie  had  been  too  short  to  allow  of  any  definite 
opinion  being  given.  It  maj'  be  noted,  however,  that  the  shape  is  d'Hicult  to  roll, 
and  the  tie  can  not  be  considered  as  easy  to  manufacture. 

The  double-headed  rails  used  with  metal  ties  are  of  " hour-gla.ss "  section;  5.4 
inches  high,  with  heads  2.64  inches  wide  and  web  .72  inch  thick  at  the  middle  ;  the 
radius  of  the  top  table  is  3.6  inches  for  a  width  of  1.6  inches;  the  radlu.s  of  the  top 
corners  is  .38  inch,  followed  by  an  inward  curve  of  .88  inch  radius.  The  flange  rails 
are  5.2  inches  high,  5.2  inches  wide  over  the  flange,  and  2.4  inches  wide  in  the  head; 
the  heatl  has  a  top  radius  of  8  inches,  top  corners  of  .32  inch  radius,  vertical  sides, 
and  .2'1  inch  bottom  radius.  The  clamps  for  flange  rails  are  2..56  by  2.24  inches  over 
all  for  the  outer  flange,  and  2.56  by  1.86  inches  for  the  inner  flange;  the  thickness 
is  .52  inch,  and  the  total  depth  1.24  inches.  The  bolt  holes  are  .84  inch  square;  the 
nut  washers  are  1.28  inches  diameter,  with  a  hole  .84  inch  in  diameter,  and  a  thick- 
ness of  .10  inch.  The  gib  and  cotter  fastening  consists  of  one  gib  on  the  outer  side, 
and  on  the  inner  side  two  gibs  with  a  vertical  cotter  between  them ;  the  cotter  is  6 
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inches  long,  .8  inch  thick,  1.08  inches  wide  at  the  top,  and  .76  inch  wide  at  the  hottom. 
The  outer  holes  in  the  tie  are  1.56  inch  long,  and  the  inner  ones  2.5  inches  long ;  they 
are  4.56  inches  apart  in  the  clear,  and  .8H  inch  wide.  The  chairs  on  the  Vautheriu 
ties  have  a  hase  of  13  by  4.48  inches,  the  longer  dimensions  being  length-wise  of  the 
ties;  the  jaws  are  4.84  inches  wide;  the  bolts  are  .76  inch  diameter.  The  chairs  for 
the  Boyenval  and  Pousard  ties  have  a  base  of  8  by  11  inches. 

Mr.  A.  Delaunay,  engineer  of  the  Saintes  division  (Arrondissement 
de  Saintes),  stated  in  June,  1888,  in  regard  to  the  metal  ties  used 
on  the  section  from  Niort  to  La  Rochelle  (See  paragraph  B),  that  the 
trials  were  made  on  a  length  of  3.1  miles ;  the  line  was  on  a  tangent  and 
one  curve  of  3,280  feet  radius,  and  had  grades  not  exceeding  .5  per 
cent.  (5  millimeters  per  meter).  The  track  consisted  of  steel  rails  of 
double-headed  symmetrical  section,  18.04  feet  long,  carried  on  six  cross- 
ties  and  resting  in  chairs  weighing  21  pounds  each.  The  ballast,  which 
was  then  being  renewed,  is  of  calcareous  gravel,  very  clean  and  of 
coarse  size,  and  exceptionally  of  broken  stone  screened.  For  the  trials, 
Vautherin  ties  of  uniform  section  were  employed,  weighing  130.24 
pounds  each,  and  laid  six  to  a  rail  length.  Special  chairs  are  used, 
weighing  22.33  pounds,  and  having  a  lug  on  the  bottom  which  fits 
into  a  hole  in  the  tie.  The  bolts  attaching  the  chairs  to  the  ties  do  not 
work  loose  after  the  first  tightening  has  been  made.  In  laying  the 
ties  the  rails  and  joints  were  not  disturbed.  For  the  six  months  they 
had  been  in  service  the  ties  had  given  good  results  in  gravel  and  broken 
stone  ballast,  and  made  a  very  stable  track,  the  riding  on  which  was 
as  easy  as  over  a  track  laid  with  wooden  ties.  The  i)acking  had  to  be 
renewed  rather  frequently  at  first.  This  maintenance  work  caused  an 
extra  expense  for  labor  of  about  two  men  per  month,  who  have  been 
added  to  the  gang  of  five  men,  whose  section  of  4.96  miles  includes  five 
renewals  of  metal  ties.  The  first  ballasting  holds  better  in  sand  or 
gravel  than  in  broken  stone.  While  the  trial  was  too  recent  to  enable 
him  to  pronounce  on  the  results  obtained,  he  considered  it  probable 
that  six  months  later  they  would  be  able  without  difiiculty  to  reduce 
the  section  gang  to  four  men.  The  traffic  consisted  of  five  i)assenger 
trains  in  each  direction  per  day,  composed  of  50  to  70  cars,  and  hauled 
by  engines  with  four  coupled  axles,  weighing  53  tons. 

Writing  again  in  December,  1888,  Mr.  Delaunay  stated  that  his  opin- 
ion, in  common  with  that  of  most  engineers  in  France,  was  that  the 
double-headed,  or  bull-headed  rail  was  the  only  form  suitable  with 
wooden  ties  for  lines  with  heavy  and  fast  traffic;  but  he  believed,  nev- 
ertheless, that  the  flange  rail  on  steel  ties  would  possess  all  the  supe- 
riority and  advantages  claimed  by  its  advocates  over  those  of  the 
double-headed  rails.  The  latter  have,  howev^er,  been  used  on  metal  ties 
on  the  State  Railways  only  because  there  was  a  large  stock  of  these 
rails  which  it  was  necessary  to  use.  Trials  with  flange  rails  on  metal 
ties  have  been  made  on  other  divisions  with  excellent  results.  He  con- 
sidered that  the  cause  of  the  metal  tie  had  definitely  gained  its  success, 
and  that  its  advantages  could  only  be  contested  by  companies  whose 
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financial  conditions  do  not  permit  them  to  pay  at  once  the  existing  dif- 
ference of  cost  between  wooden  and  metal  ties. 

The  following  information  was  presented  by  Mr.  Kowalski  at  the  In- 
ternational Railway  Congress  held  at  Milan,  Italy,  in  1887 : 

Metal  cross-ties  were  used  in  regular  service  for  about  16.43  miles ;  there  were  2.48 
miles  laid  with  ties  of  the  Paulet  type,  4.65  miles  with  a  modification  of  the  Vanthe- 
rin  type  of  tie,  using  cast-iron  chairs,  and  9.30  miles  with  the  'Post  "  tie.  Tlio  first 
weighed  about  220  pounds  each,  and  the  others  about  12.5.4  pounds.  They  were  all 
of  mild  steel,  but  it  was  intended  to  try  5,000  cross-ties  of  hard  steel.  As  the  laying 
of  these  ties  had  only  been  commenced  in  December,  1886,  no  precise  information  as 
to  the  results  could  then  be  given. 

In  August,  1889,  the  engineer-in-chief  stated  that  since  March,  1888, 
metal  ties  had  been  laid  for  a  length  of  about  13.18  miles,  11.68  miles 
on  the  line  from  Tours  to  Sables  d'Olonne,  between  St.  Mesury  and 
Bressuire,  and  1.50  miles  near  the  station  at  Chartres.  There  had  also 
been  70,000  ties  ordered.  The  total  length  of  the  lines  of  this  system 
was  then  1,609.5  miles,  and  the  length  actually  laid  with  metal  ties 
about  31.62  miles. 

Paris,  Lyons  and  Mediterranean  Railway. — Iron  ties  wore 
laid  on  this  line  during  1802  and  following  years,  but  by  1872  they  had 
all  been  taken  out.  The  engineer  stated  in  February,  1888,  that  tliese 
ties  were  more  expensive  than  wooden  ties,  and  were  taken  out  be- 
cause, on  account  of  the  constant  traffic,  they  made  a  less  firm  track 
and  lasted  a  shorter  time.  The  ties  were  7.34  feet  long,  5.6  inches  wide 
on  top,  8.4  inches  wide  on  the  bottom,  and  2.4  inches  deep ;  the  thick- 
ness was  .20  inch  to  .28  inch  on  the  sides,  and  .32  inch  on  top,  with  a 
middle  portion  .52  inch  thick  for  a  width  of  1.44  inches,  this  being 
given  by  extra  metal  on  the  under  side  of  the  top  table.  A  gib  and 
cotter  fastening  was  used,  and  not  being  well  adapted  for  this  purpose 
was  very  likely  the  cause  of  the  track  being  less  firm  than  on  wooden 
ties.  On  the  Algerian  lines  owned  by  this  comi)auy,  however,  100,000 
ties  were  laid  in  1870  and  gave  good  results  ;  in  February,  1888,60,000 
more  iron  ties  were  being  laid.  The  conditions  on  these  lines,  however, 
are  not  the  same  as  those  obtaining  in  France ;  the  burning  climate 
causes  the  very  rapid  destruction  of  wooden  ties,  while  the  metal  ties, 
much  less  injured  by  the  passage  of  a  very  few  trains,  act  sufiiciently 
well  in  service,  and  enable  a  certain  economy  to  be  realized  over  the 
wooden  ties  on  account  of  their  longer  life.     (See  "Algeria"). 

Vautherin  ties  were  first  used  in  1804,  on  the  line  from  Besanyon  to 
Lons-le-Saulnier,  then  in  course  of  construction;  600  ties  were  used, 
which  were  manufactured  by  the  Fraisans  Works  of  the  Iron  Works 
Society  of  Franche  Comt<5. 

The  present  ordinary  track  is  laid  with  rails  32.8  feet  long,  placed  on 
twelve  wooden  ties  in  main  track,  or  eleven  ties  at  stations,  and  on 
branches  where  the  speed  is  only  about  31  miles  per  hour.  In  main 
track  they  are  spaced  24  inches,  center  to  center,  at  the  joints,  28 
and  34  inches  next  to  the  joints,  and  36  inches  intermediate;  for 
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branches  tbey  are  spaced  24  inches  at  joints,  30  inches  next  to  the 
joints,  and  3  feet  3^  inches  intermediate ;  for  sections  with  very  heavy 
traffic  13  ties  are  used,  spaced  32  inches  cer^'^r  to^center.  Iron  tie- 
plates,  fastened  by  screws  which  hold  the  rails,  are  used  on  the  ties 
next  to  the  joint,  and  the  outer  angle-barof  each  joint  has  a  flange  suf- 
ficiently wide  to  allow  of  the  screw  passing  through  it.  To  prevent 
creeping,  some  of  the  iron  tie-plates  have  one  side  bent  up  to  fit  the 
rail-flange  and  web  j  these  plates  are  screwed  to  the  tie  and  bolted  to 
the  web  of  the  rail. 

Eastern  Railway. — In  February,  1888,  the  director  of  construction 
reportetl  that  up  to  that  time  they  had  made  only  very  limited  trials 
with  ties  of  several  forms,  and  had  not  been  able  to  draw  favorable 
conclusions  for  the  adoption  of  any  one  of  these  forms  in  preference  to 
ties  of  hard  wood  (oak  or  beech),  simply  injected  with  dead  oil  of  coal- 
tar  (creosote).  These  wooden  ties  thus  prepared  gave  results  which 
did  not  admit  of  doubt  as  to  their  superiority  in  first  cost,  in  mainte- 
nance expenses,  and  in  renewals.  The  trials  with  metal  ties  were,  how- 
ever, being  continued,  more  with  a  view  to  the  requirements  of  a  prob- 
ably distant  future  than  to  any  present  interest.  The  company  estimates 
that  the  life  of  its  creosoted  oak  ties  is  about  twenty-five  years,  and 
that,  therefore,  the  present  introduction  of  metal  ties  is  not  necessary. 
The  road  is  of  standard  gauge. 

One  of  the  most  interesting  forms  of  metal  ties  tried  on  this  road  is  a 
tie  designed  by  Mr.  Guillaume,  the  engineer  of  permanent  way,  which 
has  been  laid  for  a  length  of  about  13  miles  (See  plate  No.  7).  It  is  of 
trough  or  channel  section  placed  in  normal  position,  that  is,  with  the 
open  part  upwards.  It  is  8.4C  feet  long,  10  inches  wide  and  3.2  inches 
deep ;  the  tbickness  at  the  bottom  is  0.36  inch.  The  ends  are  bent 
down  3.28  inches  below  the  level  of  the  bottom,  in  order  to  offer  resist- 
ance to  lateral  motion  of  the  tie  in  the  ballast.  The  weight  of  the  tie 
is  171.6  pounds,  or  about  190  pounds  including  the  fastenings.  Each 
rail  rests  on  two  blocks  of  elm,  creosoted  and  compressed;  these  blocks 
are  8.8  inches  long,  3.12  inches  square  under  the  rail,  and  have  the  top 
inclined  to  give  the  rail  an  inward  inclination  of  1  in  20 ;  they  are  thick 
enough  to  carry  the  rail  clear  of  the  sides  of  the  tie.  The  elm  blocks 
are  made  in  England,  and  give  much  better  results  than  blocks  of  oak, 
not  compressed,  which  have  also  been  tried ;  they  have  not  allowed  any 
slack  or  play,  and  have  not  been  seriously  depressed  or  cut  under  the 
flange  of  the  rail.  The  absence  of  metal  contact  between  the  rail  and  the 
the  sides  of  the  tie  is  claimed  as  an  advantage ;  this  might  be  true  with 
such  a  fotm  of  tie,  which  would  give  only  two  narrow  bearing  surfaces, 
buc  it  has  been  conclusively  shown  with  other  forms  of  ties  that  the 
metal  contact,  where  there  is  a  wide  bearing  surface,  need  not  be  objec- 
tionable if  proper  fastenings  are  used.  The  rail  is  fastenetl  by  two  flat 
steel  plates,  cast  and  annealed,  placed  between  the  wooden  blocks  and 
sides  of  the  channel ;  each  pliite  has  a  hookcfd  lug  on  the  upper  part  of 
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one  end  to  bold  the  rail  flange,  and  has  also  a  stud  on  the  side  fitting 
into  a  hole  in  the  side  of  the  channel ;  tbe  plates  weigh  about  4.07 
pounds  eacb,  or  16.28  pounds  for  tbe  set.  Tbey  can  be  placed  or  re- 
moved separately,  after  driving  out  the  wooden  blocks,  without  disturb- 
ing the  rails,  thus  rendering  renewals  easy ;  it  would  seem,  however, 
as  though  the  fixing  of  tbe  plates  and  thedriving  of  tbe  wooden  blocks 
back  ill  place  in  case  of  renewals  or  repairs,  would  disturb  tbe  track 
and  make  a  good  deal  of  work  necessary  to  adjust  it  to  proper  line  and 
surface  and  give  it  proper  stability  in  the  ballast.  The  depth  from  the 
head  of  the  rail  to  the  bottom  of  tbe  tie  is  8.7C  inches.  Mr.  Bricka  re- 
ported adversely  to  this  form  of  tie,  on  account  of  the  cutting  away  of 
the  flanges  or  sides  of  the  channel  at  the  rail-seats,  and  he  was  of  opin- 
ion that  experience  bad  shown  that  wooden  bearing  blocks  were  neither 
necessary  nor  desirable  with  metal  ties.  There  are  sixteen  ties  to  a 
rail  length  of  39.36  feet,  si>aced  24  inches  center  to  center  at  joints  and 
30  inches  intermediate,  with  the  fourth  and  fifth  ties  from  tbe  end  of 
each  rail  spaced  31.2  inches  center  to  center.  The  ballast  between  the 
rails  is  level  with  the  middle  of  the  web  of  the  rail,  and  on  the  outer  side 
of  tbe  track  it  is  level  with  the  middle  of  the  head  of  the  rail.  The 
engineer  stated  in  April,  1888,  that  the  provisional  trials  were  satisfac- 
tory, but  that  tbey  were  restricted  to  making  them  on  a  very  limited 
scale,  the  8uperiorit3^  of  properly  creosoted  wooden  ties  overall  forms  of 
metal  ties  being  established  in  the  minds  of  engineers.  The  rails  are  of 
flange  section,  weighing  74.4  pounds  per  yard  ;  tbey  are  39.36  feet  long, 
laid  to  break  joint.  The  joints  are  suspended  and  are  spliced  by  a  pair 
of  fish-plates  with  four  bolts ;  the  inner  plates  are  of  deep  section,  hav- 
ing a  vertical  web  projecting  below  the  flange. 

In  1886  one  hundred  ties  of  the  Post  type  had  been  laid. 

The  following  particulars  were  presented  by  Mr.  Kowalski  at  the 
International  Railway  Congress,  held  at  Milan,  Italy,  in  1887: 

There  were  placed,  about  1865,  2,200  iron  cross-ties,  100  being  of  the  Vautherin  type 
and  the  rest  of  a  type  designed  by  the  company's  engineers  as  a  modification.  About 
1886  there  were  laid  100  ties  of  the  Post  type  and  100  ties  of  a  type  designed  by  the 
engineer.  The  Vanthmu  ties  weighed  88  pounds,  the  company's  old  and  new  types 
109  pounds  and  141.15  pounds,  respectively,  and  the  Po.st  ties  169.61  pounds.  The 
two  latter  types  were  each  laid  with  50  ties  on  a  tangent  and  50  ties  on  a  curve  of 
3,608  feet  radius,  with  a  grade  of  0.3  per  cent,  in  the  direction  of  the  trafBc.  The 
traflfic  in  1886  consisted  of  21,682  trains,  of  which  12,031  were  passenger  trains,  and 
9,651  were  freight  trains;  the  average  speed  of  passenger  trains  is  40.3  miles  per  hour. 
The  heaviest  locomotives,  with  four  axles,  weighed  56  tons.  The  tonnage  hauled  in 
1886  amounted  to  4,616,000  tons.  The  rails  were  of  steel,  wei>;hiug  60.36  pounds  per 
yard.  The  ballast  was  of  a  sandy  nature,  fairly  good.  The  Vautherin  tiel  were  taken 
out  in  about  six  years;  most  of  them  were  cracked.  The  company's  old  type  of  ties 
Ijisted  better*  but  the  work  of  ballasting  was  45  per  cent,  greater  than  with  wooden 
ties,  and  they  were  all  taken  out  on  account  of  the  wear  of  the  fastenings.  The  other 
types  appeared  to  give  better  results,  but  the  experience  was  then  too  short  to  ena- 
ble any  opinions  to  be  expressed.  The  passage  of  trains  over  these  ties  was  very 
smooth,  and  similar  to  that  over  wooden  ties. 


89 

Western  Railway.— The  metal  ties,  of  which  I  received  particu- 
lars  in  March,  1888,  were  iuvented  and  manufactured  by  Mr.  Chappee, 
at  Mans,  and  were  laid,  in  May,  1887,  for  a  length  of  about  656  feet  on 
the  line  from  Paris  to  Havre,  under  the  supervision  of  Mr.  Banchal. 
They  are  on  curves  of  4,920  feet  radius  and  a  grade  of  0.5  per  cent. 
The  tie  consists  of  a  wrought-iron  inverted  channel  iron,  upon  which 
the  rail-chairs  are  cast  in  place.  (See  plate  No.  7.)  The  channel  iron 
is  8.2  feet  long,  8  inches  wide,  and  2.8  inches  deep;  the  thickness  of  the 
top  table  is  0.36  inch.  The  upper  part  of  the  cast  iron  chairs  is  of  the 
u  ual  form  for  a  double  headed  rail,  but  there  is  a  wing  of  "|-shape  on 
each  side,  which  fits  over  the  side  of  the  tie.  These  wings  are  4  inches 
wide,  4  inches  thick  at  the  side  of  the  tie,  and  3.6  inches  deep  below 
the  top  of  the  tie.  They  thus  embrace  the  flanges  of  the  channel  and 
project  2  inches  inside  and  outside  of  them;  while  at  the  middle,  under 
the  rail,  they  completely  fill  the  space  inside  the  channel.  The  width  of 
the  lower  part  of  the  chairs,  over  the  wings,  is  12  inches,  and  the  rails 
have  a  bearing  for  that  distance,  which  is  double  the_bearing  given  bj^ 
an  ordinary  chair.  In  each  side  of  the  tie  are  two  holes  0.8  inch 
diameter,  one  to  each  chair,  through  which  the  metal  can  flow  and 
so  securely  fasten  the  chair  in  its  place.  Both  chairs  are  cast  at  the 
same  time.  The  weight,  including  chairs,  is  about  297  pounds.  The 
cost  is  about  $3  per  tie,  the  channel-iron  itself  costing  $2.  The  time 
of  the  trial — one  year — was  then  too  short  to  permit  of  the  mainte- 
nance expenses  or  the  probable  life  being  determined.  The  ties  are  not 
■painted  or  otherwise  protected  against  rust,  and  no  special  arrange- 
ments are  made  for  curves.  The  rails  are  of  steel,  of  double-headed 
section,  and  weigh  78  pounds  per  yard.  They  are  secured  in  the  chairs 
by  wooden  keys.  The  joints  are  suspended  and  are  spliced  by  a  pair 
of  fish-plates  and  four  1-inch  bolts.  One  of  each  pair  of  plates  has  a 
vertical  web  projecting  below  the  rail.  The  ballast  is  of  quarry  chips, 
about  12  inches  deep  under  the  ties.  The  road  bed  at  subgrade  is  hor- 
izontal. The  ties  are  spaced  as  follows:  For  a  rail  19.668 feet  long,  24 
inches,  center  to  center,  at  joints,  28  inches  next  to  the  joints,  and  32 
inches  intermediate;  for  a  rail  26.24  feet  long,  24  inches  at  joints,  29.08 
inches  next  to  the  joints,  and  34  inches  intermediate,  except  the  middle 
ties,  34.04  inches.  The  climate  is  temperate,  its  hygrometric  condition 
average,  and  it  exercises  no  particularly  destructive  influence  on  the  ties. 
In  March,  1888,  the  director  of  works  stated  that  there  are  found  in 
France,  in  quantity  more  than  sufficient  to  meet  the  demand,  excellent 
species  of  wood  for  ties,  which  are  delivered  in  the  form  of  ties  at  ad- 
vantageous prices  and  which  would  always  be  given  the  preference 
over  metal  ties.  Under  these  conditions,  and  without  being  indifferent 
to  the  investigations  which  have  been  made  in  various  places  in  regard  to 
the  substitution  of  metal  for  wood  for  service  as  ties,  this  company  had 
only  made  very  limited  trials  of  metal  ties.  In  sending  i)articular8  of  the 
tie  above  described,  it  was  stated  that  the  experiments  were  too  recent 
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to  enable  any  reliable  conclusions  to  be  drawn  as  to  the  advantages  or 
disadvantages,  or  any  opinions  to  be  formed  based  on  the  experience 
acquired.  These  trials  are  not  of  any  immediate  interest  to  the  com- 
pany, as  the  railway  is  largely,  and  under  advantageous  conditions, 
supplied  with  ties  of  o^k  or  beech  of  good  quality,  which  when  cre- 
osoted  cost  about  $1  each  and  last  about  twenty-five  years. 

In  a  short  article  in  the  Kevue  Geuerale  des  Chemins  de  Fer,  March, 
1889,  Mr.  Clerc,  the  director  of  works,  stated  that  after  having  made 
trials,  lasting  during  two  years,  of  the  metal  ties  already  described,  on 
parts  of  the  line  under  the  heaviest  traflQc,  the  company  had  ordered 
5,000  more  of  the  same  type,  with  some  modifications  suggested  by  expe- 
rience, in  order  to  carry  on  the  experiments  on  a  large  scale.  This  ad- 
ditional step  is  interesting,  when  the  statements  made  by  Mr.  Clerc  in 
March,  1888,  are  considered,  as  the  metal  ties  seem  to  have  been  looked 
upon  with  favor  in  spite  of  the  plentiful  supply  of  wood.  (Mr.  Chai)pee 
also  proposes  to  make  the  tie  with  the  channel-iron  placed  with  its  open 
side  upward.) 

The  company  exhibited  specimens  of  its  track  at  the  Paris  Exposition 
of  1889,  and  the  following  tables  of  weights  are  taken  from  Engineer- 
ing, August  9,  1889. 

Tab  le  of  metal  track.    (  Weight  per  yard=527  pounds) . 


Material  for  39  feet  4  iochea  of  track. 


Unit 
welglits. 


Separate  weights. 


Steel. 


Cast- 
iron. 


Wrouglit 
iron. 


2rails,  39  feet  4  inches  long,  88.7  pounds  per  yard 

2  pair  of  fish-plates 

8  tish  -bolts,  1  inch  diameter 

18  metal  ties  (132  pounds  of  steel,  110  pounds  of  cast-iron) 
36  keys,  David  system 

Total 


Pounds. 

1,164 

37J 

242 

2J 


Pounds. 

2, 328 

75 


Pounds. 


Pounds. 


2,380 
80 


1,9«4 


4,863 


1,984 


12 


Table  of  ordinary  track.    (  Weight  per  yard=3SS  pounds). 


Material  for  26  feet  of  track. 


Unit 
weights. 


Separate  weights. 


Steel. 


Cast- 
iron. 


Wrought 
iron. 


Wood. 


2rails,-60  pounds  per  yard 

4  fisb-plates 

10  tie-plates 

8  fish-bolts,  seven-eighths  inch  diameter 

12  screws,  seven-eighths  inch  diameter  and  4J  inches 

'ong  

48  screws,  seven-eighths  inch   diameter  and  5^  inches 

long   

10  ties 

16  keys 

Total 


Lbs. 

529 

.34J 

33 

1 

I 

0.8 
165 


Lbs. 
1,058 
69 


Lbs. 


Lbs. 


528 


35 


1, 162 


528 


65 


Lbs. 


1,650 


1,650 


\ 
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In  1875  tbe  company  adopted  a  steel  flange  rail,  weighing  only  60 
pounds  per  yard,  to  reduce  the  expense ;  since  then  the  track  on  grades 
and  sharp  curves  has  been  strengthened  by  the  use  of  angle-bars  on 
the  inner  side  of  the  joints,  ten  ties  per  rail-length  instead  of  nine,  and 
iron  tie-plates  on  each  tie  except  those  at  the  joints.  The  angle-bars 
are  fastened  to  the  ties  by  coach  screws,  to  prevent  creeping  of  the 
track.  The  wooden  ties  are  creosoted  with  dead  oil  of  coal-tar,  at  the 
company's  works.  At  first  the  Bethell  process  was  used,  requiring  35 
to  40  pounds  of  creosote  for  beech  ties.  Since  1876  the  ties  are  first 
steamed  under  a  pressure  of  five  atmospheres,  reducing  the  amount  of 
creosote  to  26  or  28  pounds  and  giving  it  a  better  distribution  among 
the  fibers.    The  oak  ties  are  said  to  require  8  to  11  pounds  of  creosote; 

Northern  Railway. — In  February,  1888,  Mr.  Oontannin,  engineer 
of  permanent  way,  stated  that  this  road  had  laid  on  its  Belgian  lines 
1,700  ties  of  the  Severac  type  during  eighteen  months,  and  was  then 
about  to  place  10,000  of  these  ties  on  its  French  lines.  In  order  to  es- 
tablish a  comparison,  allowing  for  the  great  difterence  between  the  first 
cost  of  wooden  ties  and  that  of  metal  ties,  it  was  hoped  that  a  sensible 
economy  would  be  realized  in  the  maintenance  expenses,  but  the  ex- 
perience was  then  too  short  to  enable  an  opinion  to  be  pronounced.  (See 
Belgium.) 

At  the  International  Railway  Congress  held  at  Milan,  Italy,  in  1887, 
Mr.  Kowalski  stated  that  1,500  ties  of  the  Severac  type  had  been  in  use 
on  this  company's  Belgian  lines  for  about  two  years,  and  had  given 
good  results.     (See  "Belgium.") 

Southern  Railway. — In  September,  1889,  this  company  reported 
that  no  metal  ties  have  been  used,  even  for  experiment. 

Paris  and  Orleans  Railway. — This  company  reported  in  March, 
1888,  that  no  trials  had  been  made  with  metal  ties,  as  the  forests  in  the 
neighborhood  of  the  railway  enable  the  company  to  count  upon  suflB- 
cient  resources  for  a  long  time  to  come.  The  woods  used  are  oak  and 
pine.  The  average  price  of  the  oak  ties  is  90  cents  each,  and  their  aver- 
age life  is  fifteen  to  sixteen  years.  The  pine  ties,  which  are  being  aban- 
doned, cost  06.4  cents  each  creosoted,  and  61.4  cents  treated  with  sul- 
phate (presumably  of  copper,  but  not  stated) ;  the  average  life  of  the 
latter  is  ten  years ;  the  creosoted  ties  are  of  too  recent  date  for  conclu- 
sions to  be  drawn  as  to  their  life. 

ties. 

Pavlet  and  Lavaletie  ties. — These  ties  have  been  described  under  the  heading  of  the 
State  railways,  ou  which  lines  they  are  used  with  double-headed  rails.  They  are  also 
made  for  flange  rails,  the  only  difference  being  in  the  form  of  the  chair,  which  has  a 
flat-top  with  two  lugs,  a  key  being  driven  between  one  lug  and  the  rail-flange.  The 
chairs  are  secured  by  three  rivets.  The  ends  of  the  angle-irons  may  be  straight  in- 
stead of  flared  ont.  The  weight  of  ties  for  standard  gauge  tracks  is  165  pounds,  with 
chairs  for  double-headed  rails,  and  154  pounds  with  chairs  for  flange-rails.  The  ties 
are  also  made  for  meter  gauge  liues,  and  may  be  made  of  tee-irons  instead  of  angle- 
irons  if  necessary  (See  plate  No.  5). 
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The  Brunon  ties. — These  ties  are  of  pressed  steel,  and  were  invented  by  Mr.  Barthol- 
einy  Brunon,  but  have,  I  believe,  not  been  put  in  service.  Tliey  are  of  f\  section, 
narrow  and  deep  at  the  middle  and  broad  and  shallow  at  the  cuds,  the  sides  sloping 
up  to  the  top  table.  The  thickness  is  .32inch  throughout,  aud  the  weight  about  77 
pounds  per  tie.  The  rail  seats  are  pressed  up  and  holes  are  made  in  the  sides  of  the 
elevated  seat  for  the  ends  of  a  bent  bolt  which  lies  within  the  tie.  For  flange-rails 
clips  are  used  which  hold  the  flanges  and  are  fastened  by  the  bolt.  For  double-headed 
rails  the  same  plan  is  adopted  but  the  clips  are  larger,  one  bearing  against  the  web 
and  lower  head  of  the  rail,  and  the  other  embracing  the  side  of  the  lower  head.  At 
the  joints  angle-bars  are  used  having  an  extension  of  the  flange  bent  to  fit  the  curve 
of  the  rail-seat,  the  bolts  passing  through  these  flanges  in  the  same  way  as  throngh 
the  ordinary  clips.     The  ordinary  joint  bolts  are  used. 

The  Decauville  ties. — These  ties  are  used  for  the  well-known  system  of  Decauville's 
portable  railways,  which  are  for  narrow-gauge  plantation  lines,  contractor's  lines, 
light  railways,  etc.  They  are  of  inverted  channel  irons,  with  the  flanges  bent  round 
to  close  the  ends.  The  rails  are  usually  riveted  to  the  ties.  A  line  of  24  inches  gauge 
was  bnilt  on  this  system  through  the  grounds  of  the  Paris  Exposition  of  1889;  the 
ties  were  about  3  feet  7f  inches  long,  5.6  inches  wide,  1.16  inches  deep,  and  .20-inch 
thick ;  they  were  spaced  10.4  inches  apart,  center  to  center,  at  the  joints,  and  25.56 
inches  intermediate.  The  rails  were  of  flanged  section,  2.4  inches  high  and  2.5  inches 
wide;  each  rail  was  fastened  to  the  tie  by  three  rivets,  two  throngh  the  inner  flange 
and  one  through  the  outer  flange.  The  sections  of  track  were  16.40  feet  long,  with 
fish-plates  at  the  rail  joints.  This  track  could  carry  a  service  load  of  3  tous  per  axle, 
and  a  48- ton  gun  was  hauled  over  it  by  using  four  trucks  with  four  axles  each,  the 
trucks  being  coupled  in  pairs.  The  line  was  used  for  passenger  and  freight  traffic, 
and  was  operated  by  compound,  four-cylinder,  double-truck  engines,  weighing  11.3 
tons  in  working  order.  The  tramway  at.  Laon  is  laid  with  a  similar  track  and  oper- 
ated by  similar  engines.  This  line  has  grades  of  6  per  cent.,  with  curves  of  88.56  feet 
radius.  For  particulars  of  these  two  lines  see  Engineering  News,  New  York,  Septem- 
ber 1,  1838,  and  Jnne  1,  1889.  The  system  is  also  referred  to  in  the  part  of  this  report 
referring  to  "  Light  and  Portable  Railways." 

The  Goupillmt  ties. — These  are  a  modification  of  the  Vautherin  type  of  tie,  and 
resemble  the  "Post"  tie;  but  there  is  claimed  to  be  less  work  done  on  the  met^il 
than  with  the  "Post"  tie,  which  is  bent  to  give  the  inclination  to  the  rail.  The 
fastenings  are  entirely  different  in  character.  The  ties  are  horizontal,  but  at  the 
rails  the  metal  is  thickened,  and  so  shaped  as  to  form  a  rail  seat  giving  the  desired 
inclination,  and  having  a  depression  to  receive  the  flange  of  the  rail.  They  are  8.85 
feet  long,  5.2  inches  wide  on  top,  9.2  inches  wide  at  the  bottom,  4  inches  deep  over 
all ;  the  sides  are  vertical  for  2.6  inches  from  the  bottom.  The  thickness  of  the  sides 
increases  from  .24  inch  at  the  bottom  to  .28  inch  at  the  top ;  the  top  table  is  .36  inch 
thick,  but  extra  metal  is  added  on  the  under  side,  making  it  .52  inch  thick  for  a  width 
of  about  2  inches.  The  thickness  under  the  rail  is  .76  inch.  The  rails  are  f:i.steued 
by  screws  of  different  forms,  the  heads  being  wide  aud  holding  the  rail-flange.  They 
may  be  (1) — only  long  enough  to  screw  through  the  thickness  of  the  metal  of  the 
.tie;  or  (2) — long  enough  to  screw  also  through  a  thick  iron  washer  inside  the  tie, 
which  takes  both  the  screws ;  or  (3) — the  ordinary  long  screw  spikes  used  in"  Euro- 
pean railway  practice  may  be  used,  screwing  into  wooden  blocks  placed  inside  the 
tie,  one  under  each  rail.  The  ends  of  the  ties  are  closed.  For  rails  of  .56  to  60  pounds 
per  yard,  the  ties  would  weigh  between  132  and  154  pounds  each.  These  ties  have 
not,  I  believe,  been  put  in  service. 

The  La  Gressiere  ties. — These  are  cross-ties  of  deep  inverted  channel  section  with 
vertical  sides  and  a  rib  on  each  bottom  edge.  Along  the  whole  length  of  the  top 
table  is  a  deep  groove.  A  tie-plate  the  full  width  of  the  tie  is  riveted  at  each  rail 
seat.  The  rail  is  fastened  by  broad  clamps  or  flat  spikes,  which  pass  through  slots  in 
the  tie-plate,  and  project  down  into  the  groove  in  the  tie,  A  long  taper  keyor  cotler 
is  driven  horizontally  through  a  slot  in  the  lower  part  of  each  rail  clamp,  holding 
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them  tightly  in  phice.  The  ties  weigh  6G  pounds  for  meter  gauge  lines,  and  121  to 
132  pounds  for  standard  gauge.  They  are  said  to  have  been  tried  on  the  Eastern 
Railwa}',  but  no  information  respecting  them  has  been  furnished  by  that  road. 

SUMMABY  OF  METAL  TRACK  FOR  FRANCE. 


Railways. 


Stat© 

Eastern 

Western    .. 
Northern  .. 

Total. 


Cross- ties. 


MiUt. 

31.62 

13.00 

2.50 

5.00 


62.12 


HOtiLAND. 

General  Remarks.— Mr.  Post,  iu  bis  pap&r  presented  before  the 
Society  of  Civil  Engineers,  France,  in  1885,  stated  that  Holland  was  a 
country  not  possessing  any  metal  tie  producing  intlustry,  but  able  to 
obtain  plenty  of  cheap  native  and  foreign  timber,  the  latter  being  im- 
l)orted,  at  a  low  rate,  by  sea,  river,  canal,  and  rail.  Nevertheless,  nearly 
all  the  railways  have  been  using  metal  ties  for  some  years,  not  on  ac- 
count of  pressure  from  the  government,  but  because  they  are  persuaded 
that  it  is  to  their  own  interest. 

In  Mr.  Bricka's  report  to  the  Minister  of  Public  Works  of  France,  in 
1885,  is  given  the  following  table  of  mileages : 

Table  of  mileage  of  railway  track.     Holland^  187S-1884. 


Year. 

Main 
lines. 

Local 
lines. 

Total 
track. 

Wooden 
ties. 

Metal  lougi- 
tudinals. 

Metal 
cross 
tics. 

Stone, 
etc. 

1878 

1027.  34 
10:J4.78 
1068. 20 
1096.60 
1120.  54 
1235.  60 
1279. 06 

"s.io 

4.34 
4.34 
39.68 

1764.52 
1624. 40 
1718.04 
1778.  78 
1922.62 
2006.  46 
2204. 16 

1653.54 
1.W8.84 
1589.68 
1627.  50 
1750.88 
1876. 12 
1988.34 

.62 
10.54 
10  54 
10.54 
10.54 
10.54 
7.44 

49.60 
75.  02 
11&42 
140.  74 
161. 20 
179.80 
203.08 

1H79 

1880 

1881 

1882 

1883 

1884 

4.34 

Netherlands  State  Railways. — The  Netherlands  State  Railway 
Company,  which  operates  the  system  of  railways  owned  by  the  State, 
has  had  a  thoroughly  intelligent,  careful,  and  practical  investigation 
raatie  as  to  the  merits  and  advantages  of  difterent  forms  of  ties.  The 
company  was  singularly  far-seeing,  and  when  the  engineer  began  the 
work  he  began  with  a  careful  system  of  records  as  to  the  track  and  the 
<  results  obtained.  Mr.  Post,  the  engineer  of  permanent  way,  during  the 
earlier  experiments  designed  and  adapted  a  special  form  of  tie  which, 
after  some  modifications  shown  by  experience  to  be  desirable,  has  been 
adopted  as  the  standard  form  of  metal  tie  on  this  railway  system,  and  is 
also  extensively  used  in  other  countries.  This  is  the  cross-tie  of  mild 
steel,  of  varying  thickness  and  cross-section,  which  is  now  so  well 
known  as  the  "  Post"  tie. 
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In  1865  the  company  put  down  on  the  Deventer  and  Zwolle  line  10,000 
ties  of  the  Cosijns  type.  (See  plate  No.  8.)  Each  tie  consisted  of  an 
ordinary  I  beam,  laid  with  the  web  horizontal  (  m  )  j  under  each  rail  was 
an  oak  block  with  a  groove  cut  in  it  for  the  rail  flange ;  the  rail  was 
fastened  by  two  bolts.  The  ties  were  8.85  feet  long,  8  inches  wide,  and 
weighed  124.74  pounds  each.  The  results  on  the  whole  were  satisfac- 
tory. The  cost  of  packing  had  not  been  much  higher  than  with  wooden 
ties,  and  the  renewals  of  the  wooden  blocks  had  not  cost  more  than 
those  of  wooden  ties.  Experience  showed,  however,  that  the  fasten- 
ings were  defective,  the  bolts  being  too  long  and  permitting  a  trans- 
verse sliding  of  the  blocks  with  the  rails  on  the  tie.  For  this  reason 
it  was  found  better  to  attach  the  rails  directly  to  the  metal  ties.  In 
1880  the  company  again  took  up  actively  the  question  of  metal  track, 
and  at  that  time  Mr.  Post  was  directed  to  investigate  the  results  of 
trials  made  by  other  companies.  Acting  upon  his  report  the  company 
decided  to  select  the  type  of  tie  which  seem'ed  the  best  adapted  for 
the  i^urpose,  to  place  it  in  the  track,  and  to  observe  it  carefully  ;  also, 
to  lay  a  section  of  track  on  wooden  ties,  in  continuation  of  the  track 
on  metal  ties,  and  under  the  same  condition  of  line  and  traffic.  It  was 
further  resolved  that  the  following  year  a  second  type  of  metal  ties 
should  be  selected,  profiting  by  the  experience  of  other  countries,  and 
endeavoring  to  avoid  any  defects  observed  in  the  first  type,  in  order  to 
be  able  to  form  opinions  as  to  the  comparative  merits  of  the  diflerent 
types.  In  1886  the  company  had,  besides  the  types  of  composite  (iron 
and  wood)  ties  of  Cosijns  and  Renson,  six  types  of  metal  ties  and  three 
types  of  fastenings.  While  continually  improving  the  ties,  it  was  de- 
cided in  1884  to  adopt  the  latest  types,  as  improved  by  Mr.  Post.  This 
track  consisted  of  steel  cross-ties  of  varying  section,  weighing  110  to 
121  pounds,  with  bolts  0.88  inch  diameter,  having  eccentric  necks,  steel 
clamps  for  the  rails,  and  plain  Verona  nut  locks. 

The  trials  were  all  made  on  the  Liege  and  Luxembourg  line.  The 
several  types  of  ties  were  as  follows :    (See  plate  No.  8.) 

(0)  Oak  ties  of  half-round  section,  8.53  feet  long,  4  inches  wide  on  top,  11  2  inches 
on  the  bottom,  5  inches  deep.     There  were  1,120  laid  in  1881. 

(1)  Rolled  iron  ties  of  inverted  trough  section  ("  Vautherin"  type),  weighing  88 
pounds  each  ;  7.71  feet  long,  9.4  inches  wide  at  bottom  ;  they  were  bent  up  at  the 
end  at  an  inclination  of  1  in  20,  and  the  extremities  were  closed.  In  1881  there  were 
4,133  of  these  laid. 

(II)  Rolled  iron  ties  of  similar  section,  weighing  104  pounds  each;  8.20  feet  long, 
8.8  inches  wide  at  bottom  over  the  flanges ;  the  ends  were  inclined  at  the  rail  seats 
and  then  curved  down  ;  the  extremities  were  closed  by  angle-irons  and  two  pieces 
of  angle-iron  were  riveted  inside  at  the  middle  20  inches  apart.  In  1882  4,001  of 
these  were  laid. 

(III)  Mild  steel  ties  of  inverted  channel  section,  with  wide  horizontal  flanges  at  the 
bottom  (Haarmann  type);  they  were  of  the  form  used  on  the  Prussian  State  rail- 
ways and  weighed  110  pounds  each  ;  8.20  feet  long,  10  inches  \vido  over  the  flanges, 
and  of  similar  longitudinal  section  to  No.  2.     In  1883  2,089  of  these  were  laid. 

(IV)  Mild  steel  ties  similar  to  No.  3,  also  as  used  on  the  Prussian  State  railways, 
bat  weighing  114.4  pounds  each.  At  the  midillo,  and  placed  16  inches  ax>art,  were 
two  riveted  pieces  of  Z-iron.    In  1883  2,090  of  these  were  laid. 
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(V)  Mild  steel  ties  of  inverted  trough  section  ("  Vautherin  "  type),  8.53  feet  long, 
8.8  inches  wide  at  the  bottom,  weighing  95.5  pounds.  The  tie  was  horizontal,  but 
at  the  rail  seats  for  a  distance  of  10  inches  the  metal  was  pressed  up  cold  to  the  de- 
sired inclination  and  at  the  end  of  the  rail  seat  the  metal  sloped  back  to  the  normal 
level  of  the  tie  (Hosch-Lichthammer  method).     In  1884  11,680  of  these  were  laid. 

(VI)  Mild  steel  ties  of  inverted  trough  section,  but  of  polygonal  instead  of  pyram- 
idal section  ("  Post"  type).  They  were  rolled  with  varying  section  and  thickness 
and  an  inclination  of  the  rail  seats.  The  bottom  was  horizontal,  with  the  closed  ends 
projecting  below  it.  They  were  8.36  feet  to  8.7  feet  long,  .9  inches  wide  at  the  bot- 
tom, 3.3  inches  deep  ;  110  ponnds  weight,  or  121  pounds  for  curves,  grades,  etc.  The 
price  in  May,  1886,  was  $21.2  per  2,200  pounds  at  the  works.  All  the  ties,  whether  for 
tangents  or  curves,  had  the  four  holes  drilled  in  identically  the  same  places.  In 
1884  and  1885  47,338  of  these  ties  were  laid,  and  50,000  in  1886.     * 

The  fasteniugs  were  as  follows :  (See  plate  No.  8.) 

(A)  Iron  bolts,  .76  inch  diameter,  with  eccentric  necks,  giving  .08  inch  to  .56  inch 
adjustment  of  gauge.  Iron  clamps  and  Verona  nut  locks  were  used.  These  were 
used  in  1881,  1883,  and  1884  for  types  of  ties  I,  III,  IV,  and  V. 

(B)  Steel  bolts  of  Ibbotson's  type,  having  j_-head8.  A  square  washer  received  the 
thrust  of  the  rail  flange  and  gave  an  adjustment  of  gauge  of  .08  inch  to  .64  inch  ;  the 
rail  clamp  was  of  channel  shape,  one  leg  resting  on  the  rail  flange,  and  the  other  on 
the  tie,  outside  of  the  gauge  plate.  This  is  tbe  Roth  and  Schuler  system  and  was 
used  in  1882  for  ties  of  type  No.  II. 

(C)  Steel  bolts  .88  inch  diameter,  with  eccentric  necks,  giving  an  adjustment  of 
gange  of  .32  inch  to  .64  inch.  The  steel  rail  clamps  had  the  upper  surface  roughened 
to  give  a  grip  to  the  Verona  nut  lock.  A  few  bolts  of  special  dimensions  were  used 
at  the  extremities  of  curves.  These  were  laid  in  1884,  1885,  and  1886  with  ties  of 
type  No.  VI. 

During  1886  and  1887  three  more  types  of  ties  were  designed  by  Mr. 
Post,  as  follows :  (See  plate  No.  8.) 

(VII)  This  type  was  in  general  similar  to  No.  VI  but  was  narrower  and  deeper  at 
the  middle  than  at  the  ends,  the  bottom  swelling  downward  and  the  sides  at  the  mid- 
dle flaring  inward  so  that  the  bottom  edges  nearly  met.  It  is  more  easily  laid  in  the 
ballast,  but  is  more  ditlicult  to  manufacture. 

(VIII)  This  is  similar  to  No.  VII,  but  at  the  narrow  i>art  the  sides  flare  outward 
in  A-sliape;  bottom  width  9.4  inches  at  euds  and  5.4  inches  at  the  middle.  Types 
VIII  and  IX  are  easy  to  manufacture.  The  object  of  narrowing  the  tie  at  the  middle 
is  to  throw  the  principal  bearing  at  the  rail  seat  to  insure  the  stability  of  the  track ; 
it  also  increases  the  rigidity  of  the  tie. 

(IX)  This  is  similar  to  No.  VIII  but  has  the  bottom  horizontal,  the  increased  depth 
at  the  middle  being  obtained  by  curving  up  the  top  table.     . 

At  the  end  of  1886  there  were  134,000  metal  ties  in  service,  the 
weight,  date,  class,  etc.,  of  which  are  given  in  a  table,  which  will  be 
found  a  few  pages  further  on,  in  the  company's  report  to  the  Kail  way 
Congress  of  1887. 
^  Of  124,000  ties  laid  since  1880,  not  one  had  to  be  removed.  The 
ties  of  types  Nos.  VI  to  IX,  being  of  varying  section  and  thickness,  cor- 
responded to  weights  of  126.50  and  139.15  pounds  of  ties  of  uniform 
thickness,  an  economy  of  15  per  cent.  In  the  Dutch  contracts,  official 
account  is  taken  of  this  difference  in  weight  to  compare  the  behavior  of 
ties  of  varying  section  with  that  of  ties  of  uniform  section;  it  is  the 
price  per  tie,  with  an  equal  section  under  the  flange  of  the  rail,  which 
guides  m  the  selection.    The  price  paid  by  the  company  previous  to 
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1887  for  steel  ties  of  varying  section,  not  narrowed  at  the  middle  and 
not  tarred,  was  about  $20  per  2,200  pounds  at  the  works.  The  price 
per  tie  was  about  $1.10  to  $1.20. 

The  following  table  gives  the  results  of  these  trials,  showing  cost  of 
maintenance;  the  prices  do  not  include  first  cost.  Twelve  of  tlie  sec- 
tions are  in  rough  country,  with  a  traffic  of  twenty  five  or  more  trains 
per  day;  the  other  nine  sections  are  in  flat  country,  with  fourteen  trains 
per  day.  All  are  single  track.  The  varying  conditions  of  grades  and 
curves  appear  to  have  no  particular  effect  upon  the  cost  of  maintenance, 
but  the  cost  is  affected  materially  by  the  amount  of  traffic,  being  much 
higher  on  the  divisions  with  twenty-five  trains  than  on  those  with  four- 
teen trains.  Respikiug  on  the  trial  divisions  laid  with  wooden  ties  was 
carried  on  in  1886  and  1887,  so  that  the  cost  would  not  be  less  for  1887, 
and  it  would  tend  to  increase  with  the  age  of  the  wood.  None  of  the 
oak  ties  had  needed  renewing,  but  it  soon  became  necessary,  and  this 
work,  apart  from  the  cost  of  new  material,  increased  the  maintenance 
expenses  considerably.  On  the  other  hand,  these  expenses  with  metal 
track  were  generally  highest  during  the  first  year  of  service,  gradually 
diminishing  thereafter. 

Coat  of  maintenance  on  trial  tracks  with  tvooden  and  of  metal  ties,  Netherlands  State  Railway 

Company. 


1 

2 

*3 
6 
7 
8 
*9 
11 
12 

14 

17 
21 
22 

4 

*5 
10 
13 
15 
16 
18 
19 

20 

23 
24 


Section  of  line. 


Li«ge-Tongres 
..  do 


Rilsen-TIassel  t 

Liege-Tongres 

Liers-FKJmallo 

Toiij^res-Biliseii 

Bilxuu-Ilas.sclt 

Li6E:e-Tongre8 


From— 


..do. 
...do. 
...do. 
...do 


Ha«8elt- Wychtnael. . . 

Wychniacl-Achel 

UaiMeU-  Wychmael 

..  do 

..  do 

Achel-Eindbovon 

...do 

...do 


do. 


Kilom. 

15.  C20 

16.  666 


To- 


do. 
do. 


22.238 

32.  673 

8.408 

1.502 

1.218 

47.  334 

47.  796 

46.868 

52.  709 

57.  342. 50 
57. 425. 95 


4 

Kilom, 
14.612 

15.620 


J—  © 

33 

a  ui 


170 
432 
393 
57(1 
349 
640 
528 
790 
836 
315 
302' 
748 
000 


21. 130 

31.940 

7.301 

1.218 

0.  76ft 

47.  795 

48.  256 
47.334 

52.  032 

56. 425.  9 
57. 509. 10 


12.  Oi 

12.0 

1.2 
16.0 
level.' 
8.0 
4  0 
16.0 
13.0 

1 16.  Oi 
13.0 

^16.0 
16.0 

2.9 
3.4 
3.9 
6.5 
6.5 
0.8 
level 
0.8 

1.0 

1.0 
1.0 


6 

500 
7iJ0 

straight., 

straight. 
1,000 
1,000 

straight. 

straight. 
350 
500' 

350: 

5oo; 

530 
1,000 

straight. 

straight. 

straight. 

500 

500 

2,000 

straight. 

straight. 

»        2, 000 

'straight. 
2,  000 
2,000 


1.108 
0.733 
1.107 
0.344 
0.  453 
0.461 
0.461 
0.466 

I  0.677 

0.  083.  40 
0.  083. 15 


1.008  1, 

1.016;  1, 

0.  923 
0.514 
0.438 
0.461 
0.276 
0.  I.OO 
0.259 

1.016 

0.213 

0.117 

1.000 


1,200 
800 

1,  200 
400 
500 
500 
500 
505 

735 
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Typea. 


Ties. 


Oak. 

I. 

I. 
II. 
II. 
II. 
II. 
II. 
II. 

III.  IV. 

IV. 

VI. 

VI. 

I. 
I. 
II. 
II. 
III.  IV. 
I'l. 
IV. 
V. 

VI. 

VIII. 
IX. 


Fasten- 
ings. 


lO 

Spikes. 

A. 

A. 
B. 
B. 
B. 
B. 
B. 
B. 

A. 

A. 

C. 

C. 

A. 
A. 
B. 
B. 
A. 
A. 
A. 
A. 
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Co9t  of  maintenance  on  trial  tracks  with  wooden  and  of  metal  ties,  etc. — Continned. 


When 
laid. 

it 

•§§ 

s  a 
IS 

Days  in  service. 

Cost  of  maintenanoe  in  francs  per  kilometer  per  day. 

i 

a 

1 

From     begin  ■ 
ning  observa- 
tion  to  Jan- 
uary  1,  1888. 

1887. 

1881. 

1882. 

1883. 

1884. 

1885. 

1880. 

1887. 

Average   from 

beginning  ob. 

servation   to 

January,  1888. 

1 

2 

•3 

11 

1881 
1881 
1881 
1882 
1882 
1882 
1882 
1883 
1883 
1883 
1883 
1885 
1887 

1881 
1881 
1882 
18&3 
1883 
1883 
1884 
1884 
1885- '86 
1887 
1887 

19 

July    1,1881 

Sept.  'l,188V 
Jan.     1, 1882 

...do 

...do 

...do 

Oct.     1, 1882 

...do 

....do   

do 

Apr.   1.1885 
June  1,1887 

June  15,1881 
Sept.  1,1881 
Jan.     1, 1882 
Sept.  15, 1883 

do 

Mar.   1,  le84 

....do 

...do 

June  1,1886 
Sept.   1,1887 
. .  do 

13 

2,375 
2,375 
2,313 
1,826 
1,826 
1,826 
1,826 
1,553 
1,553 
1,553 
1,C53 
1,005 
214 

2,390 
2,313 
1,826 

14 

365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
214 

3G5 

365 

13 

0.169 
1.128 
1,930 

16 

0.217 
0.423 
0.829 

ir 

1.226 

0.576 

1.884 

1.214 

1  582 

1.676 

1.687 

0 

0 

0 

0 

1» 

0.396 
0.195 
0.256 
0. 4f<9 

19 

0.403 
0.080 
0.901 
(1  Cih 

90 

1.101 
0.538 
0.383 
1.112 
0.404 
0.118 
0.278 
1.187 
0.264 
0.867 
0.498 
0.078 

91 

0.423 
0.842 
1.135 
0.552 

99 

0.605 
0.650 
0.9a2 
n  s.,1 

7 

0.277    1.  l«u 
0.533!  1.25.! 
0.8611  0.953 
1.084!  1.974 

0. 573!          0!  817 

R 

0. 046i          0.  725 

*» 

0  025'          0  881 

11 

1.660           1  SAQ 

12 
14 

0.891 
1.647 
1.132 

0. 405 
1.792 
1.111 
0.036 

0.746 
1.  610 

0.557 
1  392 

17 

1.000 

0.983 

0 

0.297 
0. 227 
0.595 
0.583 
0.429 
0.  802 
0.651 
0.492 
0.252 
0 
0 

0.879 

''1 

0  495 

<>> 

0 

4 

06. 635 

1.584 

0.595 
1.027 

0.614 

0.790 

1.077 

0 

0 

0.198 
0. 320 
0.475 

0.156 
0.  5:i6 
0.  329 

0.418 
0.  569 
0.  503 
0.  870 
0.258 
0.  329 
0.533 
0.277 
0.144 

0.407 
0.632 
0.596 

n 

1, 569         365 

1, 569         365 

1,401        :;c6 

1,401         365 

1, 401         365 

579         365 

122         122 

122         122 

0.4'i3   0.438 
0.246    0.412 
0.3U   0.143 
0.  299   0.  372 
0.551    0.897 

0.543 

15 

16 
18 

0.313 
0. 421 
0.471 

10 

0.554 

''() 

0.212 

n 

0 

n 

0 

♦Marshy  ground. 

Remarks.  — These  trial-lengths  are  on  single-traclc  road.  First  group,  25  to  29  trains  per  day ;  sec- 
ond group,  14  trains  per  day.  Rails,  76.45  pouuds  per  yard  ;  steel  angle  splice  bars.  Ballast— gravel, 
saud,  and  cinder.  Heaviest  engine  on  these  lines.  50  tons,  with  13J  tons  on  the  heavie.st  axle ;  heaviest 
engine  on  other  lines,  68  tons  with  13.9  tons  on  tiie  heaviest  axle.  Speed  up  to  50  miles  per  hour  (ou 
some  parts  60  luiles  ])t'r  hour).  A  day's  maintenance  per  man  costs  2.19  francs  :  the  results  of  columns 
15  to  22  may  bo  transformed  into  days  bj'  dividing  by  2.19.  The  flgures  in  columns  15  to  22  give  the 
expense  for  work  of  maintenance,  not  the  expense  for  purchase  of  new  spikes,  bolts,  washers,  etc. 
Not  one  of  the  metal  ties  in  this  tjible,  nor  of  the  124,000  steel  ties  in  use  on  other  lines  of  the  Nether- 
lands State  liailway  Company,  has  broken  in  the  track. 

Mr.  Eeusou,  engineer  of  the  Liege  and  Luxembourg  division,  has 
stated  that  the  actual  cost  of  maintenance  per  kilometer  for  track  on 
metal  ties,  after  three  and  a  half  years'  service,  was  equal  to  that  for  oak 
ties  of  the  same  age ;  the  cost  of  the  latter  would,  however,  go  on  in- 
creasing until  renewals  became  necessary,  as  they  would  ere  long,  while 
the  cost  for  inetal  ties  would  diminish,  owing  to  the  settling  together  of 
the  pieces.  The  ties  of  type  No.  I  tended  to  shift,  and  after  some  months 
of  service  a  number  of  bolts  worked  loose  in  a  very  short  time.  The 
shifting  of  the  ties  was  prevented  by  filling  in  the  ballast  on  the  outside 
of  the  tra<}k  to  the  level  of  the  railheads.  The  use  of  steel  nut-locks 
prevented  the  loosening  of  the  bolts,  so  that  only  one  inspection  and 
tightening  per  year  was  needed.  Experience  with  some  nutlocks  of 
poor  quality  led  Mr.  Post  to  the  opinion  that  such  were  worse  than 
none  at  all;  he  prefers  the  nut-locks  with  one  spiral  turn  to  those  with 
two  turns,  the  latter  giving  less  pressure  and  not  retaining  their  spring. 
The  labor  of  maintenance  was  about  .35  day's  work  per  day-kilometer; 
the  labor  on  long  sections  of  line  with  uniform  types  of  ties  was  even 
22893— Bull.  4 7 
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less.  The  raaintenauce  includes  lining,  raising,  tamping,  trinnning,  in- 
spection of  nuts,  etc.  The  cost  of  renewals  was  nil,  not  one  tie  having 
been  broken.  A  gang  of  four  men,  working  two  hundred  and  fifty  days 
per  year,  can  uiaintaiu  4.96  miles  of  metal  track  in  good  condition. 
Heavier  ties  are  used  on  curves,  owing  to  the  greater  wear  caused  by 
the  thrust  of  the  rail-flange.  In  order  to  test  the  comparative  merits 
of  the  rail  fastenings  used  with  metal  and  with  wooden  ties,  an  experi- 
ment was  made  in  1885  by  placing  wooden  packing  pieces  under  rails 
on  both  forms  of  ties;  after  four  mouths'  service  it  was  found  that 
those  on  the  metal  ties  were  simply  compressed,  while  those  on  the 
wooden  ties  were  crushed  and  bruised,  showing  evidence  of  a  hammer 
action  of  the  rail,  due  to  the  ineflficient  holding  of  the  spikes. 

The  standard  tie  of  the  Post  type  is  8.36  to  8.7  feet  long;  at  the 
middle  it  is  of  /\  section,  4.48  inches  deep,  top  radius  1  inch,  4^  inches 
wide  inside  at  the  bottom  and  5.4  inches  wide  over  all  at  the  bottom ; 
the  sides  slope  about  1  to  3 ;  average  thickness  .24  inch.  At  the  rail- 
seat  the  section  is  polygonal,  4.4  inches  wide  on  top,  10.20  inches  wide 
over  all  at  the  bottom,  2.98  to  3.02  inches  deep ;  thickness  of  sides  from 
.24  and  .28  inch  at  lower  part  to  .32  to  36  incli  at  upper  part;  thickness 
of  top  table  .36  to  .40  inch,  and  .48  to  .52  inch  at  the  middle,  the  thick- 
ness being  increased  at  the  bolt  holes.  At  the  extremities  of  the  rail 
seats,  the  section  is  of  rounded  trough  form,  4.96  inches  wide  on  top, 
9.4  inches  wide  over  all  at  bottom,  2.56  to  2.60  inches  deep,  l.'iO  to  1.52 
inches  radius  of  top  corners ;  thickness  from  .24  and  .28-iuch  at  sides 
to  .32  and  .35  at  middle  of  top  table.  The  top  table  is  sloped  up  at  the 
rail  seats  to  give  the  rfiils  an  inward  inclination ;  it  slopes  down  again 
to  the  horizontal  and  is  bent  down  to  close  the  end,  projecting  below 
the  body  of  the  tie.  On  the  bottom  edges  are  ribs  of  triangular  section 
about  .60  or  .72  inch  deep,  and  projecting  .52  inch  beyond  the  face  of 
the  side  of  the  tie;  these  ribs  prevent  damage  to  the  edge  in  tamping, 
and  by  lowering  the  neutral  axis  give  additional  stiffness,  while  they 
also  make  the  section  easier  to  roll.  The  bolt  holes  are  .92  by  1.24  inches, 
oblong,  with  rounded  corners.  The  weight  of  the  tie  is  about  117.7 
pounds.  The  rail  clamps  are  2.4  by  2.6  inches,  with  a  .96  inch  bolt  hole ; 
one  end  of  the  clamp  rests  on  the  rail  flange  and  the  other  end  on  the 
tie ;  the  greatest  thickness  is  .96  inch  ;  the  top  is  toothed.  The  plain 
Verona  nut  locks  are  of  .24  bj^  .24  inch  square  section,  .47  to  .51  inch 
wide  over  the  spiral,  and  .94  to  1.01  inch  inside  diameter ;  the  grooved 
Verona  nut  locks  are  of  .26  by  .26  grooved  section,  .51  to  .58  inch  wide. 
The  bolts  are  .88  inch  diameter,  with  Whitworth  thread;  they  are  3.08 
inches  long  under  the  head  ;  the  head  is  1.52  by  1.84  inches  in  size  and 
.56  inch  thick  ;  the  eccentric  neck  under  the  head  is  .88  by  1.20  inches, 
oblong,  with  rounded  corners.  The  nuts  are  of  hexagon  shape,  1.08 
inches  deep,  with  the  lower  face  toothed.  Two  forms  of  bolts  are  used, 
type  "  A  "  being  for  three  different  adjustments  of  gauge,  and  type  "B  " 
for  the  points  of  change  from  one  of  these  variations  to  another,  as  ttt 
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the  extremities  of  sharp  curves.  For  the  convenience  of  the  trackmen, 
the  type  "A"  bolts  have  a  piece  chipped  off  the  edge  of  the  end,  while 
those  of  type  "  B  "  have  a  larger  piece  cut  off  and  have  also  a  groove 
cut  across  the  end  ;  these  marks  not  only  serve  to  distinguish  the  two 
classes  of  bolts,  but  by  their  position  enable  the  trackmen  and  in- 
spectors to  see  at  once  the  gauge  to  which  the  rails  are  set.  The  *'  A" 
bolts  have  the  eccentric  neck  projecting  on  one  side  only  of  the  shank, 
the  neck  being  .88  by  1.20  inches,  giving  a  projection  of  .32  inch;  the 
"  B  "  bolts  have  the  neck  the  same  size  but  projecting  .24-inch  on  one 
side  of  the  shank  and  .8  inch  on  the  other.  The  weight  of  the  bolt  nut 
is  about  1.1  pounds. 
The  weights  of  the  track  are  as  follows : 

Material  for  29.54  feet  of  track. 

Poonds. 

2  raila  29.52  feet  long,  68  pounds  per  yard  1,3;J4.52 

2  pair  splice  bars,  46.2  pounds  per  pair 92.40 

8  splice  bolts,  with  nuts  and  washers,  1.65  pounds  each -. 13.20 

40  rail  clamps,  .88  pound  each 35.20 

40  fastening  bolts,  with  nuts  and  washers,  1.1  pounds  each 44.00 

10  steel  ties,  117.7  pounds  each 1, 177.00 

Total 2,696.32 

Weight  per  yard. i 27.3.87 

Material  for  39.38 /ee<  of  track. 

2  rails,  39.36  feet  long,  76.45  pounds  per  yard 2,00<).  40 

2  outer  splice  bars,  25.08  pounds  per  pair 50. 16 

2  inner  splice  bars,  25.96  pounds  per  pair 51.92 

8  splice  bolts,  with  nuts  and  wa.shers,  1.32  pounds  each 10.56 

52  rail  clamps,  .83  pound  each 45.76 

52  fastening  bolts,  with  nuts  and  washers,  1.1  pounds  each 57.20 

13  steel  ties,  117.7  pounds  each 1,530.10 

Total 3,752.10 

Weight  per  yard 285.75 

Mr.  Bricka,  in  his  report  to  the  minister  of  public  works  (France)  in 
1885,  spoke  very  highly  of  the  Post  ties,  and  stated  that  the  weeds 
growing  in  the  ballast  at  certain  points  were  evidently  from  the  pre- 
ceding year  (his  inspection  was  made  in  April,  1884)  and  proved  that 
frequent  ballasting  was  not  necessary.  He  did  not  approve  of  the  re- 
duction of  the  thickness  of  parts  of  the  tie  in  order  not  to  exceed  a 
weight  of  110  pounds,  and  he  preferred  to  the  bolts  with  eccentric  necks, 
used  for  fastenings,  the  Ruppel  clamp  fastening  or  the  Heindl  clamp, 
which  is  a  modiiication  of  the  former  (see  "  Germany,"  Prussian  State 
Railways;  and  '^Austria,"  State  Railways).  Since  the  date  of  Mr. 
Bricka's  report,  the  weight  of  the  tie  has  been  increased  as  noted ;  and 
it  will  be  noticed  later  on  that  Mr.  Post  has  now,  in  his  latest  tj'pe 
of  tie,  abandoned  the  eccentric  neck  bolts  and  adopted  the  Roth- 
Schuler  system  of  fastening,  type  "B"  (See  plate  No.  9);  ho  still,  how- 
ever, allows  the  bolt  to  resist  the  lateral  pressure,  instead  of  transfer- 
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ring  some  of  it  to  the  tie  by  using  a  clamp  with  a  lug  fitting  into  a  hole 
iu  the  tie,  which  is  the  feature  which  Mr.  Bricka  considers  to  be  advisa- 
ble.   The  report  gives  the  following  statement  of  the  track  in  1884 : 

Miles. 

Main  line 851.88 

Total  track 1,286.50 

Wooden  ties 1,267.28 

Metal  ties 14.88 

Stone,  etc 4. 34 

The  report  nuide  to  me  in  March,  1888,  by  Mr.  Kalflf,  chief  engineer, 
gave  the  following  particulars: 

The  system  comprised  910  miles  of  line,  of  wbich  91  miles  were  laid  with  metal 
ties.  The  traffic  consisted  of  passenger  and  freight  trains,  the  speeds  ranging  from 
20  to  47  miles  per  hour  ;  the  engines  weigh  from  50  to  68  tons  in  working  order,  with 
a  maximum  of  7  tuns  on  each  driving  wheel.  The  "Post"  ties  are  of  mild  steel, 
(Thomas,  Martin,  or  Bessemer);  they  are  sjiaccd  3  feet  2  inches  apart  at  the  widest 
spacing,  and  at  the  suspended  joints  they  are  1  foot  5  inches  apart,  so  that  the  ends 
of  the  fish-plates  butt  against  the  rail  clamps  and  prevent  creeping.  Tlie  ties  ai'e 
not  tarred  or  otherwise  treated.  They  are  manufactured  by  the  Hoerde  Steel  Works, 
Hoerdo,  Germany,  and  the  Anglenr  Steel  Works,  Angleur,  Belgium.  They  cost  $22 
per  ton  at  the  works,  not  tarred,  and  the  fastenings  cost  22  cents  per  tie.  The  maxi- 
mum adjustment  of  the  gauge  is  a  widening  of  five-eighths  inch.  Of  the  10,000  ties 
("Cosijns"  type)  laid  in  1865,  9,550  were  still  in  use  and  were  expected  to  last  twenty 
years  more.  The  ballast  is  of  gravel,  sand,  and  ashes  ;  it  tills, the  hollow  of  the  tie 
and  makes  a  compact  mass.  The  width  of  road-bed  at  subgrade  is  32  feet  yf  inches; 
it  is  crowned  7{  inches,  so  that  the  ballast  is  17  |J  inches  thick  iu  the  middle  and 
27^  inches  thick  at  the  sides ;  the  ballast  is  brought  up  level  with  the  top  of  the  rails, 
the  rail  being  left  clear  on  both  sides,  and  has  side  slopes  of  2i  to  1.  The  ties  were 
adopted  on  account  of  durability,  economy,  and  security  ;  the  results,  have  been  satis- 
factory, and  there  has  been  no  trouble  with  maintenance,  rail  attachments,  or  from 
breakages;  of  162,634  ties  laid,  not  one  had  been  broken.  The  use  of  the  "  Post"  tie 
was  being  extended  on  the  line.  The  climate  is  damp,  but  the  loss  of  weight  by  rust 
is  only  about  4  per  cent,  in  twenty  years.  The  oak  ties  cost  $L  each.  The  minimum 
radius  of  curves  where  these  trials  were  made  is  1,148  feet;  maximum  grade  1.6  per 
cent. 

The  track  of  this  railway  consists  of  steel  flanged  rails,  weighing  68,76.45,  and  80.5 
pounds  per  yard  ;  the  latter  are  5.55  inches  high,  with  a  flange  4.08  inches  wide  ;  the 
head  is  deep,  with  vertical  sides,  2.4  inches  wide,  8  inches  radius  of  top  table,  .56 
inch  radius  of  top  corners.  The  joints  are  spliced  with  angle  bars  having  short 
flanges,  and  the  outer  bar,  with  the  heaviest  section  of  rail,  projects  up  the  side  of  the 
rail  head.  Tbe  bars  are  30.4  inches  long ;  the  inner  holes  are  spaced  4  inches  and  the 
outer  holes  7.8  inches  apart,  center  to  center;  the  holes  in  the  outer  bar  are  1.12 
inches  square,  with  rounded  corners,  those  in  the  inner  bar  are  1.08  inches  diameter. 
The  joint  bolts  are  of  steel,  1  inch  diameter,  4.24  inches  long  under  the  head.  With 
wooden  ties,  spikes  .56  by  .64  inch  section,  and  6.48  or  5.8  inches  long  .are  used.  At 
the  joint  ties  the  rail  rests  on  a  grooved  iron  tie-plate,  7.2  inches  square,  with  4  spike 
holes;  the  spikes  engage  with  notches  in  the  angle  bars.  The  wooden  ties  are 
spaced  22  inches  apart,  center  to  center,  at  the  joints,  and  27.12  to  30.2  inches  apart 
intermediate,  there  being  10,  11,  or  12  ties  to  a  rail  length  of  29.52  feet.  A  space  of 
about  .28  inch  is  left  between  the  ends  of  the  rails.  The  steel  ties  are  spaced  with  10, 
11,  or  12  to  a  rail  length  of  29.52  feet ;  they  are  about  18.08  inches  apart,  center  to 
center,  at  the  joints,  and  28.68  to  39.2  inches  apart  intermediate.  With  rails  39.36 
feet  long,  13  ties  are  used  ;  they  are  spaced  24.08  inches  at  the  joints,  .34.76  inches 
next  to  the  joints,  and  :i8.64  inches  intermediate.  Splice  bars  30.4  inches  long  are 
used,  with  notches  in  the  flanges  to  admit  the  rail  clamps. 
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The  latest  type  of  "Post"  tie,  as  modified  in  1889  (See  plate  No.  9), 
presents  some  changes  from  the  previous  type  which  hati  been  most 
extensively  used.  The  bolt  holes  are  circular  instead  of  oblong,  and  the 
extra  thickness  of  metal  at  the  hole  is  given  a  channel  form  to  fit  the 
heads  of  the  bolts  and  prevent  them  from  turning.  The  method  of  fast- 
ening is  also  different,  being  a  return  to  type  "  B,"  already  described, 
being  the  Eoth-and-Schuler  system. 

A  square  gauge- washer  is  used,  with  the  bolt  hole  .92  inch  diameter, 
80  placed  as  to  be  .24,  .32,  .48,  and  .56-inch  from  the  sides,  thus  permit- 
ting a  very  close  adjustment  of  gauge  according  to  the  position  of  one, 
two,  three,  or  four  of  the  washers  on  each  tie.  The  rail  flange  butts 
against  this  washer.  The  clamp  is  of  channel  form,  one  side  resting  on 
the  rail  flange  and  the  other  on  the  top  of  the  tie,  and  prevents  the 
clamp  from  turning.  A  grooved  Verona  nut-lock  is  used  between  the 
nut  and  clamp.  The  washer  is  1.72  inches  square  and  .56  inch  thick. 
The  clamp  is  3.16  by  2.48  inches,  .56  inch  thick,  andJ.24  inches  deep 
over  all ;  its  hole  is  1  by  1.32  inch  oval.  The  bolt  is  .88  inch  diameter 
in  a  .92-iuch  hole  in  the  tie;  it  is  3.52  inches  long  under  the  head,  with 
Whitworth  thread ;  the  head  is  1.52  inches  square,  .56  inch  thick.  The 
tie  is  8.36  to  8.7  feet  long.  At  the  outer  part  of  the  rail  seat  it  is  3.78 
inches  wide  on  top,  9.4  inches  wide  on  the  bottom,  3.28  to  3.32  inches 
deep,  .24  to  .36  inch  thick  at  sides,  .36  to  .40  inch  on  top,  .48  to  .52  inch 
at  middle  of  top  table.  At  the  rail  seat  it  is  4.08  inches  wide  on  top, 
2.98  to  3  inches  deep,  in  other  respects  of  similar  dimensions  as  above. 
At  the  inner  side  of  the  rail  seat  it  is  5.04  inches  wide  on  top,  2.56  to 
2.60  inches  deep,  in  other  respects  as  above.  At  the  intermediate  parts 
and  at  the  ends  it  is  the  same  width  and  depth,  .24  and  .28  inch  thick 
at  the  sides  and  on  top.  The  cross  section  is  polygonal,  each  side  hav- 
ing two  planes,  and  the  angles  are  rounded  off  by  curves  of  1.12  to  1.52 
inches  radius.  At  the  middle  the  section  is  narrow  and  deep,  either  the 
top  or  bottom  of  the  tie  being  horizontal;  the  section  here  is  A-shaped 
with  the  top  bent  to  a  radius  of  1  inch,  and  the  sides  sloping  at  an  in- 
clination of  1  to  3;  the  depth  is  4.6  inches,  width  at  bottom  about  5 
inches,  and  the  thickness  of  the  sides  .24  inch.  The  sides  of  the  channel 
in  which  the  bolt  heads  fit  are  .24  inch  deep.  A  heavy  rib  of  triangular 
section  is  on  the  lower  edges  of  the  sides. 

Report  of  the  International  Railway  Congress^  1887. — The  following 
is  a  translation  of  the  report  presented  by  this  company  at  the  Interna- 
tional Railway  Congress,  held  at  Milan,  Italy,  in  1887  : 

The  experience  with  the  10,000  "  Cosijua  "  cross-ties,  laid  in  1865,  has  brought  out 
four  facts:  (1)  There  is  no  fear  of  rust;  after  twenty-two  years'  service  the  weight 
has  only  diminished  4  per  cent.  The  ballast  is  of  gravel  and  sand  ;  on  other  lines  it 
lias  been  observed  that  ordinary  ashes  do  not  corrode  the  iron  to  a  greater  extent. 
(2)  While  in  general  the  interposition  of  plates  between  the  rail  and  the  tie  may  not 
be  desirable,  as  by  such  interposition  the  bolt  permits  a  transverse  motion  of  the  rail 
on  the  tie,  the  gauge  is  fairly  well  maintained.  (3)  The  bolt  gives  goo<l  results  as  a 
fastening  of  the  rail  to  the  tie  ;  while  the  iron  of  the  bolts  was  only  ,68  inch  thick, 
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there  were  still  a  number  of  bolts  in  use  after  twenty-two  years'  service.  (4)  A  good 
tie  lasts  for  a  long  time.  After  twenty-two  years'  service  on  the  line  between  De- 
venter  ami  Zwollo,  with  an  average  traffic  of  twelve  trains  per  day  (actually  sixteen 
trains  per  day),  there  are  in  service  and  in  good  condition  9,547  ties  (95^  per  cent.), 
and  there  is  no  reason  to  expect  that  they  will  not  last  twenty  years  more.  The  4^ 
per  cent,  taken  out  would  still  have  been  in  service  if  the  splicing  of  the  old  rails  had 
been  sufficient.  These  results  with  an  old  type  of  tie  promise  well  for  the  latter  types 
of  improved  ties.  The  metal  ties  taken  out  have  brought  seven  times  the  price  of 
old  wooden  ties.  \ 

The  result  of  this  first  trial  encouraged  the  company  to  commence  in  1880  a  method- 
ical and  practical  study  of  the  question  of  metal  t'es,  and  it  now  presents  some  of 
the  results  of  this  work.  Information  was  acquired  as  to  the  results  obtained  abroad 
and  in  Holland  both  as  regards  the  track  and  the  manufacture.  In  order  to  keep 
within  the  limits  of  practice  and  economy  it  was  decided  that  the  first  cost  of  the  ties 
to  be  tried  should  not  exceed  25  or  50  per  cent,  above  that  of  oak  ties,  this  difierence 
representing  the  general  valuation  of  the  former  over  the  latter.  Each  year  a  cer- 
tain number  of  ties  were  put  in  service,  and  it  was  the  endeavor  each  year,  in  spite 
of  the  favorable  impression  from  the  beginning,  to  improve  upon  the  tie  and  fasten- 
ing of  the  preceding  year,  avoiding  defects  observed  and  profiting  by  the  experience 
acquired,  by  the  experience  of  other  companies,  and  by  the  progress  effected  in  man- 
ufacture. Of  each  of  the  types  in  service  special  observation  w^as  taken  of  the  main- 
tenance, noting  minutely  every  hour  of  work  and  keeping  record  of  each  piece 
(spikes,  bolts,  etc.)  broken  or  replaced.  As  a  base  of  comparison  a  new  track  was 
established  on  a  trial  section  of  line  with  good  oak  ties  (presenting  4  inches  wide  of 
heart  wood  under  the  flange  of  the  rail),  under  ordinary  conditions  of  operation  ;  this 
track  was  carefully  maintained  and  the  maintenance  expenses  noted  in  the  same  way 
as  with  the  experimental  sections  of  track  with  metal  ties.  Proceeding  in  this  way 
the  company  put  ties  in  service  as  follows  up  to  January  1,  1887  : 


Year. 


Number. 


Character. 


Weight 
(each). 


1865 

1881 

1882 

1883 

1883 

1884 

1884  to  1887 

Total 


*10, 000 
*4,  133 
*4, 001 
12,  089 
t2,090 

til,  680 
tlOO,  000 


Cosijns 

Typel    

Type  II 

Type  in 

Type  IV 

TypeV    

Types  VI  to  IX 


Pottndi. 
12:!.  64 
88 

im.  84 

110 
110 
95.48 
niO  10121 


134,000 


*  Iron, 
t  Steel. 
X  Corresponding  to  126.5  to  139.15  pounds  of  uniform  section. 


None  of  the  124,000  ties  laid  since  1880  have  been  taken  out  of  the  track. 

The  results  of  the  observations  of  twenty-one  trials  made  up  to  January,  1887,  are 
presented  in  the  table.  [This  table  has  already  been  given,  as  extended  by  Mr.  Post 
later  to  include  the  year  1887. — E.  E.  R.  T.]  Columns  1  to  14  show  the  conditions  of 
the  track  and  traffic,  the  types  of  ties  and  fastenings  and  the  duration  of  the  ob- 
servation ;  columns  15  to  21  show  the  cost  of  maintenance  in  francs  per  day  and  per 
kilometer ;  these  prices  do  not  include  the  first  cost,  but  the  labor  of  renewals.  The 
sections  are  grouped  in  two  parts.  The  first  group  includes  twelve  sections  in  uneven 
country  (columns  5  and  6)  where  the  number  of  trains  per  day  is  twenty-five  or  more 
(column  1) ;  the  second  group  includes  nine  sections  in  flat  country,  with  only  four- 
teen trains  per  day.    A  record  of  thirty  years  of  observations  and  for  several  kilome- 


103 

ters  wonld  give,  it  is  true,  more  concluaivo  figures,  but  while  awaiting  more  complete 
data  we  can  alreadj'  make  the  following  observationH,  taking  into  account  the  facts 
observed  and  the  records  kept  of  the  trials  given  in  the  table. 

(1)  The  sections  Nos.  11  and  14  are  on  a  curve  of  1,148  feet  radius  and  a  grade  of 
16  millimeters  per  meter  (1.6  per  cent.).  The  oak  ties  formerly  used  here  had  to  bo 
re-spiked  every  year  owing  to  the  motion  of  the  rail  flange  which  cut  into  the  spikes 
.12  to.  16  inch  per  year.  Some  ties  of  Type  III,  with  attachments  "  A,"  however,  taken 
out  of  the  curve  for  the  inspector  after  1188  days  of  service  (1553  days  in  1887),  showed 
only  .08  inch  of  widening  of  gauge,  each  of  the  bolts  being  cut  into  .04  inch  by  the 
flange  of  the  rail.  In  other  curves  of  larger  radius  than  1,148  feet  there  is  no  cutting 
of  the  bolts.  The  top  table  of  the  ties  of  Type  III  taken  out  of  this  curve  only  pre- 
sented a  very  slight  wear  and  the  bolt  holes  did  not  show  any  ovalisation  or  enlarge- 
ment. These  ties  are  of  steel ;  iron  does  not  so  well  resist  the  wear  at  the  rail  seat  aud 
bolt  holes.  In  view  of  the  very  unfavorable  circumstances  under  which  these  ties 
were  laid,  we  need  have  no  fear  as  to  these  two  kinds  of  wear,  but  at  the  same  time 
it  is  reasonable  to  put  thicker  ties  on  curves  and  to  space  them  closer  together.  The 
cost  of  maintenance  in  this  part  has  never  reached  2  francs  per  day  per  kilometer 
(64.5  cents  per  mile  per  day). 

(2)  As  regards  the  work  of  maintenance,  sections  Nos.  3  and  9  are  under  equally 
unfavorable  conditions,  the  country  being  marshy.  - 

(3)  The  average  cost  of  maintenance  on  four  sections,  Nos.  2,  3,  4,  and  5,  which 
have  had  about  the  same  service  as  section  No.  1,  with  wooden  ties,  does  not  differ 
sensibly  from  the  cost  on  section  No.  1.  In  order  to  judge  of  the  importance  of  this 
result  it  is  necessary  to  bear  in  mind  the  following  particulars  :  (a)  Type  I  of  the 
metal  cross-ties  is  used  on  these  four  sections  and  is  the  most  primitive  of  the  forms 
used,  each  of  the  other  types,  II  to  VI,  being  an  improvement  upon  the  preceding. 
It  may,  therefore,  be  supposed  that  any  of  the  other  types  would  have  given  still 
better  results.  (6)  The  adzing  and  re-spiking  of  the  wooden  ties,  which  commenced 
in  1886,  must  be  continued  in  1887,  so  that  the  maintenance  expenses  for  this  section 
will  be  as  high  as  in  1386,  aud  it  may  be  presumed  that  it  will  increase  with  the  age 
of  the  wood,  (c)  The  maintenance  expenses  of  sections  Nos.  2  to  5,  however,  show  a 
tendency  to  decrease  with  the  consolidation  of  the  track,  (d)  Since  the  oak  ties 
were  laid  in  1881  not  one  has  been  renewed,  which  proves  that  they  are  of  excellent 
quality  ;  renewals  must  soon  begin,  however,  and  will  add  considerably  each  year 
(apart  from  first  cost)  to  the  expenses  of  work  of  maintenance. 

(4)  The  average  maintenance  expenses  per  day  per  kilometer  of  sections  Nos.  6,  7, 
8,  12,  aud  17  does  not  exceed  .89  franc,  and  that  of  sections  Nos.  10,  13, 15, 16, 18,  and 
19  is  about  .60  franc,  although  these  sections  only  date  from  1883  and  1884. 

(5)  The  observations  of  Type  VI  are  too  short  to  judge  of  its  value  by  the  mainte- 
nance expenses.  The  company  has  also  put  in  service  in  1886  and  1887  ties  of  Types 
VII,  VIII,  and  IX.     [Already  described.— E.  E.  R.  T.] 

(6)  The  putting  in  service  successively  of  sections  Nos.  2  to  21  not  having  up  to 
the  present  time  occasioned  a  higher  rate  of  maintenance  expenses  than  would  have 
obtained  with  wooden  ties,  it  may  be  admitted  that  a  company  which  puts  in  every 
year  a  certain  number  of  metal  ties  of  reasonably  good  design  will  not  increase  its 
maintenance  accounts  and  need  not  increase  its  staff. 

(7)  A  piece  of  track  near  Liege  (with  twenty-five  trains  per  day),  984  feet  long,  on 
a  curve  of  1738.40  feet  radius  aud  a  grade  of  1.6  per  cent.,  laid  with  ties  of  Type  III, 
was  left,  after  having  been  carefully  packed,  for  forty  months  (three  aud  one-third 
years)  without  packing  or  surfacing  or  any  other  work  except  inspection  of  the  nuts. 
At  the  end  ot  that  period  the  track  was  still  in  good  condition.  This  proves  that  a 
good  metal  track,  once  well  laid  and  packed,  does  not  require  more  iuspection  or 
luainteuance  than  a  track  on  wooden  ties ;  on  the  contrary  it  would  be  dangerous  to 
leave  a  track  on  wooden  ties  for  three  and  one-third  years  unattended  to,  under  these 
conditions. 
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(8)  The  diagrams  of  the  gange-registeriuj?  apparatus  are  much  more  regular  for 
tracks  on  metal  ties  of  Types  I  to  IX  than  for  those  on  wooden  ties,  even  when  the 
latter  are  new. 

(D)  The  inclination  of  1  in  20  of  the  rail,  which  is  often  disturbed  on  wooden  ties 
by  the  turning  outward  of  the  rail,  is  maintained  invariable  with  metal  ties  of 
Types  I  to  IX. 

(10)  The  lateral  displacement  of  the  tie  by  the  traffic  is  nil,  or  insignificant,  even 
on  sharp  curves,  provided  that  the  tie  is  properly  closed  at  its  extremities.  It  has 
been  observed  that  intermediate  closings,  as  in  Types  II  and  IV,  are  absolutely 
superfluous,  as  Types  I  and  III,  without  these  intermediate  iiieces,  do  not  shift. 

(11)  The  re-adzing  of  the  rail  seats  and  re-spiking,  in  1886,  of  some  of  the  oak  ties  of 
section  No.  1,  necessitated  the  replacing  of  two  tie-plates  and  four  hundi-ed  and 
eighty  spikes  ;  the  renewal  of  attachments  .of  metal  ties  is  insignificant,  especially 
for  Type  "C." 

(12)  Rolled  iron  is  not  recommended  as  a  material  for  ties ;  mild  steel  of  good  qiial 
ity  is  the  best  material  in  every  respect  for  manufacture,  inspection,  solidity,  and 
durability. 

(13)  Track  laid  with  rails  breaking  joint  has  given,  with  angle  splice  bars,  good 
resnlts,  especially  on  curves. 

(14)  The  joints  should  be  suspended  and  spliced  by  angle  bars. 

(15)  The  Types  VI,  VII,  VIII,  and  IX  leave  nothing  to  be  desired.  The  hollow 
trough  packs  itself  easily  in  any  ballast ;  gravel,  sand,  ashes,  or  broken  stone.  Gen- 
erally the  ballast  forms  a  compact  core  adhering  to  the  interior  of  the  tie,  filling  it 
entirely  at  the  rail  seat,  and  increasing  its  base.  If  the  packing  does  not  extend 
more  than  16  inches  on  each  side  of  the  flange  of  the  rail,  the  tie  can  never  "  dance," 
and  the  shape  of  the  tie  tends  to  drive  the  ballast  towards  the  rail  seat. 

(16)  The  track  men,  who  are  generally  opposed  to  metal  ties  at  first,  very  soon 
become  accustomed  to  them.  It  is  easy  to  obtain  an  excellent  track,  even  with  inex- 
perienced men,  by  giving  them  proper  instructions. 

(17)  To  test  the  bending  which  ties  of  Type  VI  wonld  sustain  without  cracking  in 
case  of  derailment,  the  company  made  a  series  of  tests  of  bending  the  tie  cold  at  each 
side  of  the  rail  seat;  punched  ties,  not  annealed,  of  varying  ^ectiv^n,  would  bend  75 
degrees  before  cracking;  it  was  concluded  that  with  steel,  the  form  of  the  tie  and 
the  punching  (with  round  corners)  in  question,  annealing  is  not  necessary,  the  de- 
formation of  the  tie  in  case  of  derailment  never  being  75  degrees  at  the  bolt  holes_ 
Ties  punched  .ind  annealed  would  bend  (like  ties  not  punched  and  not  annealed) 
180  degrees  without  cracking.  In  view  of  this  remarkable  result  the  company  con- 
sidered annealing  to  be  desirable,  but  with  the  condition  that  it  did  not  cost  more 
than  a  few  centimes  per  tie. 

W^e  end  this  description  by  the  calculation  of  the  normal  maintenance  in  a  case 
determined  by  the  engineer  of  the  system  on  which  the  twenty-one  trials  have  been 
made:  "A  track  of  Typo  VI,  C  fastenings,  in  the  conditions  of  line,  ballast,  and 
operation  of  the  Liege-Hasselt  section,  can,  after  3  years  for  consolidation,  be  prop- 
erly maintained  at  the  rate  of  100  days'  work  per  year  per  kilometer.  A  gang  of  four 
men,  working  250  days  per  year,  can  then,  giving  50  days  to  other  work,  maintain  in 
good  condition,  4.96  miles  of  track." 

For  further  details  of  the  work  done  on  this  system,  see  the  paper 
by  Mr.  Post  on  "Maintenance  expenses  of  track  on  wooden  and  metal 
ties,'^  printed  in  my  preliminary  report  (Bulletin  No.  III). 

Holland  Railway. — The  Holland  Railway  Company  (or  Dutch 
Railway  Company),  first  used  "  Vautherin  "  ties  weighing  72.6  pounds 
each,  curved  to  give  the  rails  an  inward  inclination,  and  open  at  the 
ends ;  the  rails  were  fastened  by  gibs  and  cotters,  but  the  cotters  worked 
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loose,  being  too  narrow  and  not,  having  sufficient  bearing  surface.  The 
company  now  has  mild  steel  ties  of  Vautherin  section^  as  this  is  found 
to  be  the  best  shape  for  sand  ballast  (See  plate  No.  11).  The  ties  are  of 
two  forms,  joint  and  intermediate  ;  all  are  8.53  feet  long.  The  joint 
ties  are  6.4  inches  wide  on  top  (of  which  4  inches  are  slightly  thicker  and 
form  the  rail  seat),  8.72  inches  wide  inside  at  the  bottom,  11.2  inches 
wide  over  the  flanges,  and  2.64  inches  deep  over  all ;  the  thickness  is 
.24  inch  at  the  sides  and  top,  .32  inch  at  the  rail  seat,  and  .72  inch  at 
the  middle  of  the  rail  seat,  where  there  is  a  rib  1.2  inches  wide  on  the 
under  side  of  the  top  table.  The  weight  is  about  112.2  pounds.  The 
intermediate  ties  are  3.2  inches  wide  on  top,  6.8  inches  wide  inside  at  the 
bottom,  9.2  inches  wide  over  the  flanges,  and  2.64  inches  deep ;  the  top 
table  is  .52  inch  thick  for  a  width  of  1.36  inches.  The  ends  of  both 
forms  are  closed  by  riveted  angle  pieces.  The  tie  is  horizontal,  but  at 
each  end  is  a  tie  plate,  11.6  by  2.8  inches,  secured  by  two  rivets.  This 
plate  has  an  inclined  seat  for  the  rail,  and  has  a  rib  on  each  side  par- 
allel with  the  rail  flange.  This  rail  is  held  by  a  j-shaped  clamp  on  each 
side;  one  side  of  the  head  of  the  clamp  rests  on  the  rail  flange  and  the 
other  side  on  the  rib  of  the  tie  plate,  with  the  lower  part  between  them ; 
a  i-headed  bolt  passes  up  through  the  tie  plate  and  clamp.  The  shape 
of  the  tie  allows  for  an  adjustment  of  gauge.  The  ties  are  dipped  cold 
in  tar.  For  the  light  line  from  The  Hague  to  Scheveningen  a  lighter  tie 
of  Vautherin  section  is  used,  with  a  bolt  fa'steuing  similar  to  that  of  the 
Left-Bank-of-the-Ehine  Railway.  (See  "  Germany.")  For  lines  of  which 
it  owns  the  concessions  the  company  has  abandoned  wooden  ties,  but 
Mr.  Bricka,  in  his  report  in  1885,  stated  that  it  had  not  received  permis- 
sion from  the  State  to  substitute  metal  for  wood  on  the  lines  of  which 
it  is  only  the  lessee.  With  the  track  on  this  road  Mr.  Bricka  mentions  a 
straight  splice  bar  of  three  thicknesses,  similar  to  the  Samson  bar  used 
in  this  country.  A  later  form  of  tie  used  is  without  the  horizontal 
flanges,  but  has  a  rib  on  the  inner  side  of  each  bottom  edge.  For  main 
lines  they  are  5.84  inches  wide  on  top,  7.2  inches  wide  inside  at  the 
bottom,  and  8.8  inches  wide  over  all,  3.2  inches  deep,  .24  inch  thick  on 
the  sides  and  .32  inch  on  top.  For  local  lines  they  are  4.4  inches  wide 
at  top,  5.4  inches  wide  inside  at  bottom,  6.64  inches  wide  over  all,  2.4 
inches  deep,  .20  inch  thick  on  the  sides,  and  .24  inch  on  top. 

Mr.  Bricka,  in  his  report  to  the  minister  of  public  works  (France) 
in  1885,  gives  the  following  statement  of  the  track  of  this  road  at  the 
end  of  1884 : 

Miles. 

Main  lines 175.40 

Local  lines 35.34 

Total  track 496.62 

Wooden  ties 417. 2(? 

Metal  lougitndinals 62 

Metal  ties 78.74 
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At  the  International  Railway  Congress,  beld  at  Milan,  Italy,  in  1887, 
Mr.  Kowalski  presented  the  following  particulars  : 

There  were  92.13  miles  of  metal  track  in  service  ou  December  31,  1886;  this  in- 
cluded 30.07  miles  of  the  "  Vautheriu  "  ties,  1.24  miles  of  the  Haarmann  system  (as  a 
test),  27.03  miles  with  the  company's  type  of  ties,  and  33.79  miles  with  the  Vautherin 
and  the  company's  ties  mixed.  The  latter  are  straight,  with  riveted  tie  plates  giving 
the  inclination  to  the  rails;  the  mixed  plan  was  adopted  to  remedy  the  inconveniences 
of  the  old  type  of  "  Vantherin"  ties  with  open  ends,  by  replacing  these  ties  at  the 
joints  with  ties  of  the  new  system.  Up  to  1882  they  were  of  iron,  but  since  that  time 
of  mild  steel.  The  joint  ties  are  heavier  than  the  intermediate  ties;  the  first  weigh 
111.10  pounds,  the  latter  9(>.8  pounds;  the  fastening  plates  weigh  1.32  pounds  per 
pair,  the  bolts  .88  pouiyj  each,  making  a  weight  of  117.26  or  102.96  pounds  per  tie 
complete.  The  ties  are  placed  on  embankments  and  in  cuttings,  on  curves  and  tan- 
gents, on  grades  and  level  line.  The  ballast  is  of  fine  sand  and  gravel,  and  the 
ground  in  some  places  is  marshy.  The  traffic  over  the  metal  ties  is  very  heavy ;  on 
some  parts  there  are  more  than  sixty  trains  per  day,  with  speeds  of  52.7  to  55.8  miles 
per  hour.  The  train  loads  are  about  700  or  800  tons,  and  the  engines  weigh  68  tons. 
The  rails  are  of  hard  steel,  weighing  77.65  pounds  per  yard.  The  experience  dated 
from  1868,  and  the  results  were  so  satisfactory,  especially  as  to  the  solidity  of  the 
track,  even  in  case  of  accident,  that  the  nse  of  metal  ties  was  being  continued.  At 
the  prices  of  that  time  (1886)  the  cost  per  meter  of  track  was  as  follows:  On  half- 
round  oak  ties  treated  with  chloride  of  zinc,  $1.79;  on  mild  steel  ties  of  the  com- 
pany's type,  $2.28 ;  the  rails  with  splice  bars  and  bolts  are  included  at  $1.09 ;  a  wooden 
tie,  with  four  spikes,  cost  only  59.4  cents;  a  metal  tie,  with  fastenings,  costs  about 
$1.04.  The  first  "  Vantherin "  ties  were  too  light  and  had  been  abandoned ;  the 
strengthened  "Vautherin"  ties  dated  from  1878-'79,  and  had  necessitated  2  per  cent. 
of  renewals  per  year  during  the  three  years  previous  to  1887 ;  of  the  company's  ties 
laid  in  1880,  none  had  been  renewed  up  to  1887.  The  track  on  metal  ties  is  very  elas- 
tic and  very  agreeable  for  passengers.  The  results  were  so  satisfactory  that  from  1887 
the  company  intended  to  lay  1,000  tons  (about  22,000  ties)  per  year. 

Dutoh-Ehenish  Kail  way. — Ties  of  the  Vautherin  type  were  used 
up  to  1885.  They  were  of  wrought  iron,  8.53  feet  long,  4  inches  wide  ou 
top,  9.2  inches  wide  at  the  bottom,  and  2.4  inches  deep;  the  bottom 
flanges  were  .8  inch  wide ;  the  thickness  was  .28  to  .32  inch  at  the  sides 
and  .36  inch  on  top.  The  weight  was  99  pouuds.  The  tie  was  hori- 
zontal, closed  at  each  end  by  an  angle  plate.  A  tie  plate  was  used  to 
give  the  required  inclination  to  the  rail,  and  the  fastenings  consisted 
of  bolted  clamps  on  the  Ruppel  system  (see  '<  Germany :  Prussian  State 
Railways").  Being  of  wrought  iron  the  bolt-holes  were  found  to  wear 
large.    The  following  is  Mr.  Bricka's  statement  of  the  track  for  1884 : 

Miles. 

Main  lines 167. 10 

Local  lines 3. 10 

Total  track 339.14 

Wooden  ties ■. 267,84 

Metal  longitudinals 6.82 

Metal  ties 64.48 

Dutch  Central  Railway. — In  Mr.  Bricka's  report  to  the  minister 
of  public  works  (France),  in  1885,  this  road  is  mentioned  as  a  line  of 
minor  importance.  Since  about  1878  experiments  have  been  made  with 
wrought-iron  ties  similar  to  those  on  the  Main-Neckar  Railway,  in  Ger- 
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many,  with  fastenings  similar  to  those  used  on  the  Left-Bank -of- the- 
Rhine  Railway,  in  Germany.  They  gave  good  results  and  effected  an  econ- 
omy in  maintenance.    The  following  isastatement  of  the  track  for  1884: 

Miles. 

Main  lines U2.  G2 

Local  lines , 1.24 

Total  track 81.84 

Wooden  ties 35. 96 

Metal  ties 45.88 

TIES. 

The  Post  Ties. — (See  plates  Nos.  8  and  9.) — These  ties  have  been  described  in  detail 
under  the  head  of  the  Netherlands  State  Railways.  Mr.  Post's  main  improvement  is 
in  the  variation  of  the  thickness  and  in  the  methods  of  manufacture,  and  he  has 
shown  how  this  method  might  be  applied  to  improve  other  forms  of  ties  in  use. 
While  the  wear  of  steel  ties  at  the  point  of  contact  with  the  bolt  may  be  very  small, 
Mr.  Post  has  considered  it  well  to  increase  the  thickness  of  the  tie  at  this  point ;  it 
adds  little  to  the  weight  of  the  tie,  but  increases  its  life,  and  is  especially  adapted 
for  light  ties  with  a  thin  top-table.  A  middle  rib  on  the  underside  of  the  table  in- 
creases the  thickness  at  the  bolt-holes;  this  rib  runs  the  wFole  length  of  the  tie, 
being  thi-jkest  at  the  rail  seat  and  decreasing  towards  the  middle  and  ends.  With  an 
extra  thickness  of  .16  inch  at  the  bolt-holes,  the  weight  of  the  tie  is  only  increased 
by  6.6  to  8.8  pounds,  and  it  enables  a  reduction  of  22  or  33  pounds  to  be  made  (with- 
out changing  the  thickness  at  the  bolt-holes)  in  the  exaggerated  weight  of  some  rolled 
steel  ties  of  varying  section,  such  as  the  two  types  of  the  Belgian  State  Railway, 
which  weigh  165  pounds  each,  corresponding  to  189f  pounds  of  a  tie  of  uniform  sec- 
tion. The  material  used  is  soft  or  mild  steel,  necessarily  of  good  quality  in  order  to 
stand  the  process  of  manufacture  and  the  tests.  The  specified  tests  require  a  i)icce 
of  a  tie  to  be  flattened  cold  under  a  steam  hammer,  and  the  plate  then  bent  to  a  curve 
of  3  inches  radius  without  cracking.  Another  piece  must  have  the  sides  pressed  to- 
gether till  the  tie  is  of  f\  section,  with  a  top  curve  of  .6  inch  radius.  The  fasten- 
ings have  proved  eflScieut,  so  that  direct  contact  between  the  rail  and  tie  is  not  con- 
sidered any  objection  ;  there  is  little  if  any  more  noise  than  with  wooden  ties;  there 
is  no  rattling,  and  crystallization  of  the  metal  has  not  been  found  to  occur.  The 
effect  of  making  the  middle  of  the  tie  deeper  and  narrower  is  to  give  the  tie  a  better 
hold  on  the  ballast,  to  force  the  ballast  to  pack  under  the  rail  seat,  and  to  increase 
the  stiffness  of  the  tie  so  that  it  will  be  strong  enough  should  the  ballasting  give  way. 
Ties  of  Type  VI  have  been  made  for  rack  railways,  the  thickness  being  increased  at 
the  holes  for  the  bolts  which  support  the  rack-rail  chair  at  the  middle  of  the  tie  in 
the  same  way  as  described  for  the  ordinary  bolt-holes. 

The  manufacturers  have  been  required  to  guarantee  to  replace  damaged  ties  during 
two  years,  but  now  this  has  been  increased  to  five  years.  A  tie  of  this  type  has  been 
designed  for  the  Indian  gauge  of  5  feet  6  inches.  It  is  8  feet  7|  inches  long,  horizontal 
at  the  middle,  inclined  1  in  20  at  the  rail  seats,  and  closed  at  the  ends ;  at  the  rail  seats 
it  is  9i  inches  wide  and  2|  to  3|  inches  deep  ;  at  the  middle  it  is  4.4  inches  wide  and 
5  iuchfcsdeep.  The  thickness  of  the  sides  varies  from  .24  inch  at  the  bottom  to  .31  inch 
at  the  upper  part ;  the  thickness  of  the  top  varies  from  .28  inch  to  .43  inch,  the  latter 
being  at  the  rail  seat.  Weight,  125J  pounds.  Instead  of  bolt  fastenings  lugs  are  to 
be  stamped  up  out  of  the  tie  and  a  steel  key  driven  between  the  rail  flange  and  the 
lug  on  one  side ;  the  system  is  the  same  as  that  now  used  with  steel  ties  on  the  Indian 
State  Railways  and  other  lines,  and  is  claimed  to  be  cheaper  and  better  than  the  bolt 
system  used  in  Europe.  A  similar  tie,  but  weighing  only  116  pounds,  has  also  been 
designed  and  is  said  to  be  as  strong  as  the  steel  ties  now  used  in  India.  In  a  pro- 
posal made  by  Mr.  Post's  English  agent  for  a  supply  of  ties  for  the  Indian  State  Rail- 
ways, he  bid  for  the  "  Post "  tie  and   for  the  type  of  tie  specified  by  the  engineer; 
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the  price  was  slightly  in  favor  of  the  former,  owing  to  its  redaced  weight  with  equal 
strength.  The  price  quoted  to  mo  in  February,  1888,  by  this  gentleman  Avas  about 
$2r>.(i".ii  per  ton  at  the  port. 

In  September,  1887,  there  were  in  service  in  railways  in  Belgium,  France,  Holland, 
Germany,  and  Switzerland  about  334,500  "  Post"  ties,  or  about  18,753^  tons.  There 
were  in  course  of  manufacture  83,900  ties  for  standard  gauge,  weighing  4,363  tons ; 
for  a  gauge  of  3  feet  6  inches  in  Sumatra,  70,000  ties,  weighing  3,040  tons  ;  for  rack 
railways,  20,000  ties,  weighing  760  tons ;  an  aggregate  of  518,400  ties,  or  26,916^  tons. 
In  March,  1888,  Mr.  Post  stated  that  there  was  a  total  of  about  457,300  ties  (about 
23,800  tons)  of  types  VI,  VII,  VIII,  and  IX  then  in  the  track  in  difterent  parts  of  the 
world,  and  that  about  272,700  more  (about  12,700  tons),  including  the  narrow  gauge 
and  rack  railway  at  Sumatra  (See  "Asia")  were  ordered  and  being  manufactured. 
This  made  a  total  of  about  730,000  ties,  or  36,500  tons.  They  were  in  use  in  Holland, 
Belgium,  France,  Germany,  Switzerland,  and  Asia  (colonies).  About  50,000  ties 
have  been  introduced  into  the  Argentine  Republic.  In  January,  1890,  Mr,  Post 
stated  that  in  addition  to  the  ties  in  Holland,  Belgium,  France,  Germany,  and  Switz- 
erland, there  were  200,000  in  Sumatra,  50,000  in  the  Argentine  Republic,  and  71,000 
were  to  be  sent  to  the  Transvaal  (South  Africa)  in  February.  Within  three  months 
there  would  be,  he  stated,  a  million  of  these  ties  in  service. 

The  following  table,  prepared  by  Mr.  Bodmei",  civil  engineer,  the  London  agent, 
shows  the  number  of  " Post"  ties  sold  up  to  September  26,  1889.  Bids  had  also  been 
invited  for  71,430  ties  fox>the  Dutch  South  African  Railway.  The  contraction  referred 
to  is  making  the  tie  narrow  and  deep  at  the  middle  : 


Where  used. 


Netherlands  State  railway 

Do 

German  State  railways : 

Magdeburg 

Cologne 

Altoua 

Strasburg 

Cockerill,  Seraing,  Belgium 

Military  railway,  Schoneberg 

Do 

German  State  railways: 

Frankfort 

Erfurt 

Friedrich  Krupp,  Essen,  Germany 

Pfal/,  railway,  Germany 

Fortifications,  Spandau 

Dutch  Colonies,  Sumatra 

Bavarian  railway,  Ritaikon-Ingolsiadt 

Gerjnan  State  railwaj's  (Berlin) 

Jura,  Bern,  Luzern  railway  (Switzerland) 

Carlos  Stegmau,  Carlsruhe,  Germany  (for  the  Argentine  Bepublic) 

Total 

Manufactured  in  France  and  Belgium 


Total. 


Contraction. 


AVith  .... 
Without . 


...do  .... 
...do.... 
..  do  .... 
...do.... 
...do.... 
With  .... 
Without. 


...do 
...do 
...do 
With 
...do 
...do 
...do 
...do 
...do 
...do 


Number. 


12,732 
47,  390 

44,  200 
1,70U 
3,000 

33,  000 

200 

5,750 

2,300 

108, 492 

61,487 

400 

176,  000 

1,050 

100,  000 

360 

2,020 

6,000 

50,  000 


656, 181 
200, 000 


856, 181 


SUMMARY  t>F  METAL  TRACK  FOB  HOLLAND. 


Railways. 


Longitu. 
dinals. 


Cross- 
ties. 


Netherlands  State  (1888) 

Holland  (esiimated  to  1889). 

Dutch   Rhenish  (1885) 

Dutch  Central  (1885) 


Total, 


1.24 
6.82 


8.06 


91.00 

120.00 

64.48 

45.88 

321. 36 
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BELGIUM. 

General  Remarks. — In  this  country  quite  extensive  experiments 
with  metal  track  have  been  made  on  several  lines,  and  the  Government 
has  conducted  experiments  on  the  State  railways  since  1846.  In  1885 
and  1886  the  subject  of  the  use  of  metal  lies  was  warmly  discussed  in 
the  Chamber  of  Representatives,  the  principal  object  being  to  forward 
the  interests  of  the  iron  industry ;  the  minister  of  railways  then  se- 
cured an  appropriation  of  $180,000  for  the  purpose  of  carrying  on  further 
experiments  on  the  State  railways.  In  March,  1889,  at  a  meeting  of  the 
chamber,  the  minister  stated  that  the  results  had  not  been  satisfactory. 
He  had  hoped  that  if  the  tests  were  successful  the  authorities  would 
have  been  able  to  adopt  metal  track  on  a  part  of  their  system,  and  thus 
render  a  great  aid  to  the  national  industry  by  advancing  the  condition 
of  the  iron  trade.  At  this  meeting  there  was  a  rather  sharp  discussion 
on  this  point,  several  of  the  members  being  in  favor  of  more  extensive 
tests  and  wishing  tests  made  of  the  "  Z-iron  "  tie  [described  later  on]. 
The  minister  stated  then  that  three  types  of  metal  ties  had  been  tried ; 
of  these  one  had  failed,  but  the  inventor  claimed  that  the  f?«ilure  was 
due  to  a  defect  in  the  quality  of  the  material,  and  he  was  granted  a 
further  trial ;  the  other  two  systems  had  not  been  long  enough  in  serv- 
ice to  enable  a  definite  opinion  to  be  given.  He  was  opposed  to  in- 
creasing the  number  of  types  to  be  experimented  with.  Tlje  Govern- 
ment has  been  asked  to  have  these  "Z-iron"  ties  tried  on  the  State 
railways,  but  the  minister  of  railways  declined  on  the  ground  that  the 
Government  preferred  to  await  the  results  of  the  trials  being  made  on 
the  State  and  concessionary  lines  before  proceeding  with  new  trials  or 
adopting  new  types.  Mr.  Bricka,  in  his  report  to  the  minister  of  public 
works  (France)  in  1885,  stated  that  Belgium  was  the  only  country  in 
which  after  a  trial  on  a  large  scale  metal  track  had  been  at  one  time 
almost  entirely  abandoned.  He  attributed  this  to  the  fact  that  the 
trials  to  which  he  referred,  covering  a  length  of  153.56  miles,  were  matle 
by  order  of  the  Government  on  account  of  the  agitation  raised  by  the 
metal  industries  about  1877.  It  was  proposed  to  lay  about  93  miles  at 
once.  The  ties  were  of  the  original  "  Vautherin"  type;  they  were  not 
of  a  good  section  and  were  of  very  .poor  material ;  proving  unsatis- 
factory they  were  taken  up  and  no  attempts  were  made  to  improve  upon 
the  system.  A  similar  agitation  was  raised  in  1884,  and  a  commission 
was  sent  to  investigate  the  progress  being  made  in  Germany,  with  the 
result  that  the  Belgian  engineers  began  to  have  a  better  opinion  of 
metal  tr{\ck.  Since  then  the  Government  has  ordered  trials  to  be  made 
with  ditterent  types  of  track,  and  these  trials  are  still  being  carried  on. 

Wooden  ties. — Tlie  West  Flanders  Railway  reported  in  August,  1888, 
that  metal  ties  have  not  been  employed,  as  oak  ties  10,4  inches  by  5,8 
inches  can  be  procured  for  70  cents  each. 
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Belgian  State  Railways. — Experiments  with  various  forms  of 
metal  track  have  been  made  on  tlie  State  railways  since  1846  and  are 
still  in  progress.  Up  to  1S85  only  unsatisfactory  results  had  been  ob- 
tained ;  but  this  was  attributed  to  bad  or  defective  designs  or  material, 
and  did  not  cause  the  abandonment  of  the  trials. 

In  March,  1886,  Mr.  Flamache,  engineer  of  the  State  railways,  pre- 
sented a  paper  at  a  meeting  of  the  Belgian  Society  of  Engineers,  on 
"  The  History  of  Metal  Railway  Tracks,"  to  which  was  appended  a  note 
by  Mr.  Mussely,  an  engineer  of  the  same  roads,  detailing  the  trials 
made  since  1846.  These  trials  were  briefly  as  follows:  In  1846  there 
were  four  systems  in  use  on  the  line  between  Brussels  and  Antwerp  : 
(1)  the  Poncelet  system  of  semi-circular  plates  of  cast-iron,  with  rolled- 
iron  tie-bars;  (2)  the  Poncelet  system  with  square  plates;  (3)  the  Go- 
bert  system  of  two  cast-iron  plates  with  an  old  rail  reversed,  this  rail 
having  a  notch  which  formed  a  chair ;  (4)  the  Marchal  system  of  rolled 
plates,  with  ordinary  chairs  secured  by  bolts  and  nuts.  In  1851  the  ad- 
ministration put  in  5,000  ties  of  the  Greaves  and  Barlow  system,  simi- 
lar to  the  Poncelet  system.  In  1868,  7,804  "  Vautherin  "  ties  were  laid. 
About  1869, 500  tons  of  the  Legrand-Salkin  system  were  laid.  Between 
1872  and  1879  several  systems  were  examined,  but  none  were  considered 
worthy  of  trial.  In  1878-1879  there  were  laid  74.56  miles  of  single  track 
with  the  Hilf  longitudinals  (See  "  Germany  ")  and  94,035  miles  of  single 
track,  similar  to  the  Rhenish  Railway  type  (See  "  Germany  ").  In  March, 
1879,  2,000  of  the  Desoignies  cross-ties  were  laid.  In  1879  the  Serres 
and  Battig  system  of  longitudinals  was  tried.  In  1881,500  Helsonties 
were  laid.  The  Hilf  longitudinals  were  similar  to  those  on  the  Alsace- 
Lorraine  Railway,  Germany;  but  there  was  much  trouble  from  break- 
ages, owing  to  the  bad  quality  ot  the  metal,  and  at  the  end  of  four  years 
all  of  the  track  was  taken  out.  With  the  Serres  and  Battig  system  there 
were  many  breakages,  owing,  the  inventors  claimed,  to  the  quality  of 
the  material;  these  were  soon  abandoned.  The  "  Vautherin-'  ties,  laid 
in  1878,  were  7.87  feet  long,  4  inches  wide  on  top,  9.52  inches  wide  at 
the  bottom,  2.4  inches  deep;  the  top  table  .36-inch  thick;  the  bottom 
flanges  .96  inch  wide  and  .32  inch  thick.  The  ties  were  curved  longi- 
tudinally, to  give  the  rail  its  inward  inclination,  and  near  each  end  a 
piece  of  angle-iron  was  riveted  with  the  vertical  leg  inside  the  tie.  The 
fastenings  were  on  the  Ruppel  plan  (See  "  Germany — Left  Bank  of  the 
Rhine  Railway"),  consisting  of  bolted  clamps  with  lugs  fitting  into  holes 
in  the  tie;  at  the  joint  ties  the  clamps  extended  over  the  whole  width 
of  the  rail-flanges.  The  weight  was  105.65  pounds.  The  2,000  Desoig- 
nies ties  were  laid  on  the  line  from  Brussels  to  Ghent ;  they  were  of  ap- 
proximately rectangular  section,  weighing  88  pounds;  the  fastenings 
consisted  of  a  riveted  clamp  on  one  side,  and  a  bolted  clamp  on  the  other 
side,  of  the  rail.  Owing  to  the  poor  quality  of  the  iron,  breakages  occur- 
red with  both  these  types,  and  the  holes  were  enlarged,  while,  owing  to 
their  being  curved  and  laid  in  broken-stone  ballast,  the  track  was  not 
stable.    These  were  only  in  service  for  about  two  years. 
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In  December,  1885,  it  was  decided  to  try  35,000  ties  of  the  "  Post "  type, 
but  heavier  than  those  ou  the  Netherlands  State  Railways;  35,000  ties 
of  theBraet  plan,  being  a  modification  of  the  "  Post"  type;  and  5,000 
ties  of  the  Bernard  type. 

The  first  were  of  the  old  form,  8.2  feet  long,  10  inches  wide,  2.84  to  3.6  inches  deep, 
.48  inch  thick  in  the  middle,  and  .64  inch  thick  at  the  rail-seat ;  the  fastenings  con- 
sisted of  bolted  clamps  with  spring  washer  nut-locks.  There  were  twelve  ties  to  a 
rail  length  of  29.52  feet,  and  the  rails  were  laid  with  suspended  joints.  The  weight 
was  165  pounds  per  tie.  Mr.  Bricka  considered  this  too  heavy,  and  thought  that  a 
thickness  of  .32  inch  to  .48  inch  would  be  sufficient.  The  "Braet"  ties  were  designed  or 
adapted  by  Mr.  Bract,  engineer  of  the  Belgian  State  railways;  they  are  8.2  feet  long, 
10.8  inches  wide  at  the  bottom,  3.8  inches  deep  at  the  middle,  and  4.4  inches  at  the 
rail-seats ;  the  thickness  is  .36  inch  at  the  middle  and  .52  inch  at  the  rail-seats ;  the 
weight  is  165  pounds.  With  both  these  types  the  Ruppel  plan  of  bolted  clamp-fasten- 
ings is  used.  The  Bernard  tie  is  composed  of  two  channel-irons  7.54  feet  long,  4.8 
inches  high,  and  2.24  inches  wide  over  the  flanges ;  the  thickness  is  .24  inch.  These 
are  placed  back  to  back,  7.32  inches  apart,  and  at  each  end  is  a  Hat  base-plate  16 
inches  wide  and  36  inches  long,  fastened  to  the  bottom  flange  of  each  channel-iron  by 
fonr  rivets  .80  inch  diameter,  and  turned  up  to  close  the  end  of  Ihe  tie.  At  each  end 
of  the  top  of  the  tie  is  a  grooved  tie-plate  7.96  inches  wide  and  13.2  inches  long  under 
the  rail,  resting  on  the  top  of  the  upper  flanges  of  the  channel-irons ;  the  plate  gives 
the  usual  inward  inclination  to  the  rail.  Hook-headed  bolts  pass  through  the  upper 
flanges  of  the  channel-irons  and  through  the  tie-plates,  the  rails  being  fastened  by 
large  washers  or  clamps,  with  a  recess  in  the  top  to  receive  a  coiled-spring  nut-lock. 
The  tie  is  filled  with  and  buried  in  the  ballast,  to  increase  its  weight  and  the  stabil- 
ity of  the  track.  The  weight,  complete,  is  231  pounds,  and  there  are  eight  ties  to  a 
rail  length  of  22.96  feet.  It  was  said  during  the  discussion  in  the  chamber  that  they 
had  not  given  satisfactory  results  (see  "  The  Bernard  Tie  ").  The  "  Post"  ties  were 
made  at  the  Lonviere  works,  and  cost  $24.09  per  ton  ;  the  "  Braet "  ties  were  made  at 
the  Cockerill  works,  and  cost  $23.80  per  ton;  the  "Bernard"  ties  were  made  at  the 
Couillet  works,  and  cost  $29.90  per  ton. 

The  following  particulars  are  taken  from  a  special  report  sent  to  me 
in  May  1888,  in  regard  to  the  track  laid  with  the  "Bernard"  ties. 
There  were  about  3.^  miles  (18,450  feet)  of  line  laid  with  5,000  of  these 
ties;  4,000  were  on  grades  of  0.16  per  cent,  and  1,000  on  level  track. 
The  first  were  laid  in  1884,  the  remainder  in  June,1886.  Mr.  Mathieu  was 
the  engineer.  The  weight  of  the  tie  is  given  as  215.6  pounds.  The  cost 
is  $2.90  per  tie  at  the  works,  the  durability  and  the  cost  of  maintenance 
are  not  yet  determined.  The  metal  is  not  painted  or  treated  in  any 
way.  Passenger  and  freight  traffic  is  hauled  over  the  line ;  the  engines 
weigh  from  35  to  75  tons,  including  tenders,  and  the  cars  weigh  empty 
4  to  9  tons.  The  rails  are  flange  section,  76.5  pounds  per  yard ;  the 
joints  are  suspended  and  fastened  by  splice-bars.  There  are  8  ties  per 
rail  length  of  29.52  feet.  The  ballast  is  of  broken  stone ;  it  is  20  inches 
deep  in  the  middle,  level  with  the  top  of  the  ties  between  the  rails,  and 
level  with  the  rail-heads  between  the  tracks  and  outside.  The  line  is 
of  standard  gauge  and  the  width  of  road-bed  is  as  follows:  6.56  feet 
center  to  center  of  inner  rails  of  double  track,  4.92  feet  center  to  center 
of  rails  of  each  track,  3.28  feet  from  center  of  outer  rails  to  edge  of  bal- 
last, 30  inches  width  of  ballast  slope.    The  reason  for  adopting  metal 
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ties  was  to  obtain  a  solidity,  a  bearing-surface,  and  a  weight  which 
would  increase  the  durability  and  diminish  the  expense  of  maintenance. 
The  results  have  been  very  satisfactory;  the  track  is  solid,  the  fasten- 
ings hold  well  and  give  no  trouble.  No  breakages  had  occurred  and 
there  was  no  trouble  with  maintenance.  The  ties  present  the  advantage 
that  on  account  of  the  extra  length  of  bearing-surface  they  can  be  con- 
sidered as  two  ties  spliced  together  and  the  number  can  be  reduced  33 
per  cent,  below  the  ordinary  number  of  ties.  Their  bearing  in  the  bal- 
last and  their  weight  are  very  great,  giving  them  exceptional  stability. 
The  climate  is  moist  and  variable,  but  no  special  observation  has  been 
made  of  its  effect  upon  the  ties. 

The  Cockerill  tie.— A  tie  of  the  "Post"  type,  of  which  the  Cockerill  works  sent  par- 
ticulars in  Febrnary,  1888,  was  8.2  feet  long,  9.6  inches  wide  inside  at  the  bottom,  10.8 
inches  wide  over  the  ribs.  The  top  was  horizontal  except  at  the  rail  seats,  and  the 
bottom  was  horizontal  throughout.  The  ends  were  closed  and  bent  below  the  level  of 
the  bottom  of  the  tie,  being  G  inches  deep.  Weight,  164.56  pounds.  At  the  middle  it 
was  3.64  inches  deep  with  a  top  table  .36  inch  thick.  At  the  outer  part  of  the  rail  seat 
it  was  4.4  inches  deep  with  a  thickness  of  .52  inch,  and  at  the  inside  part  it  was  3.8 
inches  deep  with  the  same  thickness  of  the  top  table.  The  thickness  of  the  sides  was 
from  .30  inch  at  the  bottom  to  .36  and  .46  inch  at  the  top.  The  fastening  bolts  were 
3.44  inches  long  under  the  head,  .84  inch  diameter,  with  _L  heads  and  hexagon  nuts. 
The  clamps  were  2.28  inches  by  2.60  inches,  with  a  bolt  hole  .88  inch  diameter;  a  lug 
at  the  onter  side  made  the  depth  over  all  1.80  inches,  and  this  lug  fitted  into  the  ob- 
long bolt  hole  (1.6  by  .92  inch)  in  the  tie.  Spring  washers  for  nut- locks  are  used. 
The  rail  joints  were  spliced  with  angle  bars  having  a  rib  on  the  under  side  of  the  edge 
of  the  flange.  The  bars  were  27.20  inches  long,  with  four  bolt  holes,  the  inner  ones  6 
inches  apart  center  to  center,  and  the  outer  ones  4  inches.  For  a  rail  length  of  29.52 
feet  there  were  twelve  ties,  spaced  22  inches  apart  center  to  center  at  the  joints, 
25  inches  apart  next  to  the  joints,  and  intermediate  ties  32  inches  apart.  Other  ties 
of  this  type  were  8.2  feet  long, '8.88  inches  wide  inside,  10  inches  wide  over  the  ribs. 
The.  depth  over  all  was  2.84  inches  at  the  middle,  where  .48  inch  thick,  and  3  inches 
where  .64  inch  thick.  At  the  rail  seat  the  thickness  was  .64  inch  and  the  depth  3.6 
inches.  The  width  of  the  top  table  was  5.04  inches,  except  at  the  rail  seat,  where  it 
is  4.4  inches,  and  just  outside  it  narrows  to  3.78  inches.  These  ties  are  not  nar- 
row-waisted  at  the  middle,  but  are  of  uniform  section  and  thickness  between  the 
rail  seats.  The  adjustment  of  gauge  is  effected  by  the  use  of  clamps  with  lugs  of 
different  width,  instead  of  by  eccentric  necks  on  the  bolts.  The  more  recent  form  of 
track  has  rails  weighing  76.5  pounds  per  yard,  with  joints  spliced  by  bars  31.84 
inches  long  and  four  bolts,     The  joint  ties  are  spaced  24.24  inches  center  to  center. 

From  1885  to  May,  1888,  2,625  tons  of  the  "  Post "  type  of  tie  had 
been  manufactured  for  these  lines  by  the  Angleur  works.  They  were 
of  Thomas  Gilchrist  steel,  not  tarred  or  treated  ;  they  weighed  110  to 
165  pounds  each,  and  cost  $22  to  $25  per  ton.  Most  of  the  ties  of  this 
type  were  considerably  heavier  than  those  used  on  the  Netherlands 
State  railways  (Holland).  Continued  experience  on  these  latter  lines 
has  shown  the  weight  of  117.7  pounds  to  be  suflBcient  in  every  way,  and 
the  inventor  considers,  as  does  Mr.  Bricka,  that  the  extra  weight  is 
quite  unnecessary,  involving  extra  cost,  and  only  resulting  in  putting 
useless  and  dead  metal  into  the  track. 

The  Belgian  State  railways  system  comprises  1,990  miles,  and  ou 
Janizary,  1888,  there  were  219,485  metal  ties  in  service. 
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Great  Central  Railway — Different  forms  of  metal  track  have 
been  tried.  Among  them  was  the  Serres  and  Battijj^^systeni  of  longi- 
tudinals (See  "  Austria"),  but  there  were  many  breakages  and  the  trial 
was  not  successful.  In  1873  the  superintendent  of  permanent  way  re- 
ported that  he  was  fully  satisfied  with  the  experience  so  far  obtained 
with  metal  ties.  He  was  unable  to  employ  them  further  at  the  time  in 
consequence  of  the  extraordinary  advance  that  had  taken  place  in  the 
price  of  iron.  The  company's  report  for  1887  stated  that  the  favorable 
results  during  1886  had  been  still  more  marked  during  1887.  In  the 
latter  year  6,000  additional  metal  ties  were  substituted  for  wooden  ties. 
Satisfactory  results  are  said  to  have  been  obtained  with  a  "  Z-iron"  tie 
weighing  149.6  pounds  and  cosuug  not  more  than  $1.80  each ;  these 
were  laid  about  1887. 

Since  1886  there  have  been  in  service  11,000  iron  ties  of  two  types, 
manufactured  by  Caramiu  &  Co.,  of  Thy-le-Chateau  (see  Plate  No.  11), 
and  they  are  giving  very  good  results  as  to  security  and  economy  in 
maintenance,  according  to  a  statement  sent  to  me  by  the  engineer-in- 
chief  in  October,  1889.  He  stated  that  so  far  not  a  single  one  of  these 
ties  had  been  taken  out  of  service,  while  on  the  state  railways,  where 
steel  ties  are  used,  quite  a  number  had  to  be  taken  out  owing  to  break- 
age. This  unfavorable  result  he  attributed  to  the  alteration  in  the 
metal  produced  by  the  punching  of  the  holes  for  the  bolts.  With  steel 
special  precautions  must  be  observed  in  the  manufacture,  while  with 
iron  there  is  less  need  of  such  care.  He  does  not,  however,  proscribe 
the  use  of  steel  for  ties,  but  thinks  much  progress  is  still  to  be  made  in 
metallurgy  before  this  material  will  be  definitely  successful  for  such 
I)urposes. 

The  ties  now  used  weigh,  complete,  about  154  pounds  j  they  are  8.52 
feet  long  for  standard-gauge  track.  This  weight  is  sufficient  for  a 
moderate  traffic  with  an  average  speed  of  37.2  miles  per  hour  for  pas- 
senger trains,  but  he  considers  that  the  weight  should  be  increased  to 
1V6  or  even  198  pounds  for  tracks  with  very  heavy  traffic.  Various 
kinds  of  ballast  have  been  used  with  these  ties ;  ashes  mixed  with 
earth  (a  very  inferior  quality  of  ballast),  river  gravel  and  broken  stone; 
good  results  have  been  obtained  with  all  these  materials.  The  gravel 
should  be  slightly  earthy,  so  as  to  form  a  solid  core  under  the  tie.  This 
railway  has  a  length  of  365.18  miles. 

These  ties  are  of  serai-cylindrical  section,  with  horizontal  flanges  on  the  lower  edges 
and  having  a  flat  top  table;  the  horizontal  flanges  are  cut  away  at  the  middle  of  the 
tie.  They  are  8.52  feet  long,  3  inches  deep,  6.4  inches  wide  inside  at  the  bottom  and 
9  inches  wide  over  the  flanges ;  the  upper  face  of  tho  top  is  flat  for  a  width  of  3  inches. 
The  flanges  are  .36  inch  thick ;  the  sides  are  .36  inch  at  the  bottom  and  .40  inch  at 
the  top,  and  the  top  table  is  .52  inch  thick.  Inside  the  tie,  under  each  rail,  is  an  iron 
plate  10.8  inches  long  and  about  .75  inch  thick,  fastened  by  two  rivets  passing  through 
the  top  of  the  tie.  Each  rail  rests  on  a  grooved  tie-plate,  giving  the  rail  the  usual 
inclination,  and  having  a  channel  for  the  rail  flange  and  a  rib  along  each  side.  Short 
Screws,  about  3f  inches  long  over  all,  pass  through  the  tie-plate  and  tie  and'are  tapped 
into  tho  iron  plate  riveted  inside  j  these  screws  have  wide  round  heads,  which  bear 
22893— Bull.  4—8 
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on  the  flange  of  the  rail  and  tbe  rib  of  the  tie-plate,  and  have  a  square  projection  on 
top  for  the  track-wrench.  The  older  ties  of  this  form  weighed  149.;58  pounds  com- 
plete ;  but  tbe  newer  ones,  adopted  in  1887,  weigh  152  jjounds,  made  up  as  follows : 
Tie,  133.30  pounds ;  tie-plates,  5.10  pounds;  riveted  plates,  9.06  pounds;  rivets,  1.63 
pounds;  screws,  2.91  pounds. 

The  other  type  of  tie,  adopted  in  1886,  was  of  similar  section  ;  but  inside,  under 
each  rail,  was  an  oak  block  9.3  inches  long ;  this  was  held  in  place  by  an  iron  plate 
9.8  inches  long,  riveted  to  the  tie  by  two  rivets  to  each  flange;  the  plate  was  about 
.27  inch  thick,  with  a  rib  in  the  middle  about  1.15  inches  wide,  making  the  thickness 
at  that  part  about  .56  inch.  The  rail  rested  on  a  tie-plate  having  a  rib  on  each  side, 
but  no  channel  for  the  rail  flange.  The  fastenings  consisted  of  screws  similar  to  those 
described  above,  but  6.12  inches  long  over  all,  passing  through  the  wooden  block  and 
the  thick  part  of  the  bottom  plate.  The  weight  of  each  tie,  complete,  was  as  follows : 
Tie,  130.64  pounds;  tie-plates,  4.73  pounds;  riveted  plates,  17.20  pounds;  screws, 
3.96  pounds;  oak  blocks, 4.77  pounds;  total,  161.30  pounds. 

At  the  International  Eailway  Congress,  held  at  Milan,  Italy,  in  1887,. 
Mr.  Kowalski  presented  the  following  particulars  respecting  these  ties: 

Five  thousand  were  laid  in  1886  and  5,000  were  to  be  laid  in  1887  ;  they  were  placed 
under  unfavorable  conditions  and  in  ground  imperfectly  drained  ;  they  were  on  em- 
bankments and  in  cuts  on  tangents  and  curves  of  1,040  feet,  1,968  feet,  and  2,624  feet 
radius,  and  on  a  maximum  grade  of  3.5  per  cent.  During  the  first  year  the  traffic 
consisted  of  1,498  passenger  trains  and  2,920  freight  trains,  a  total  weight  of  1,068,258 
tons.  The  speed  of  the  former  is  37.2  miles  per  hour  and  that  of  the  latter  15.5  miles 
per  hour.  The  passenger  engines  weigh  31  tons,  and  the  freight  engines  52  tons. 
The  rails  are  of  flange  section,  weighing  74.35  pounds  per  yard.  The  ballast  is  of 
ashes  and  quarry  gravel.  The  track  keeps  in  good  condition  and  the  fastenings  keep 
tight.  The  price  of  the  iron  tie  is  double  that  of  the  wooden  tie.  The  work  of  main- 
tenance during  the  first  year  of  service  was  less  than  that  of  wooden  ties.  The  ar- 
rangement of  fastening  with  screws  and  an  iron  plate  was  being  adopted  in  place  of 
the  wooden  block. 

Northern  Kailavay.— On  the  Belgian  lines  of  the  Northern  Rail- 
way of  France,  the  "  Severac  "  tie  has  been  used.  In  1885  there  were 
1,600  of  these  ties  in  the  track,  750  at  Engis,  near  Liege,  and  750  near 
Charleroy.  Since  they  had  been  laid  6,000  trains  had  passed  over 
thera,  and  no  creeping  of  the  rails  or  displacement  of  the  keys  which 
fasten  the  rails  had  been  observed.  At  a  meeting  of  the  Belgian  Soci 
ety  of  Engineers  in  March,  1886,  it  was  stated  that  1,500  of  these  ties 
had  been  in  service  for  nine  months  under  a  traffic  of  sixty-four  trains 
per  day,  and  were  in  as  good  condition  as  when  laid,  while  no  differ- 
ence could  be  noticed  between  the  noise  when  passing  over  these  ties 
or  wooden  ties.  They  were  manufactured  by  the  Angleur  Works  (See 
*'  the  Severac  ties  ").  The  following  particulars  are  from  a  statement  re- 
ceived in  May,  1888,  in  regard  to  the  "  Severac"  ties :  In  June,  1885,  they 
were  laid  on  1,968  feet  of  single  track  on  the  line  from  Namur  to  Liege ; 
and  in  July,  1885,  on  1,968  feet  of  single  track  on  the  line  from  Erque- 
linnes  to  Charleroy.  On  the  former  section  there  were  curves  of  4,920 
feet  radius,  and  grades  of  3.8  per  cent. ;  on  the  latter  section  there  were 
curves  of  1,640  feet  radius,  and  grades  of  1.46  per  cent.  Mr.  Bernard 
was  the  engineer  of  the  line  to  Namur.  The  locomotives  weigh  about 
38  to  69  tons  in  working  order,  including  the  tender;  the  cars  weigh 
3.6  to  8  tons  empty.    The  traffic  is  passenger  and  freight,    The  tie  is 
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aiv  I-beam,  8.2  feet  long,  4.8  inches  liigh,  3.3  inches  wide  over  the 
flanges,  .32  inch  thick;  on  the  bottom  is  a  plate  9.0  inches  wide  and 
.32 inch  thick,  secured  by  eighteen  rivets;  it  runs  the  whole  length  of 
the  tie  and  is  turned  up  at  the  ends.  A  chair  for  the  rail  is  riveted  to 
the  top  at  each  end  of  the  tie.  The  weight  of  the  tie  complete  is  204.G 
pouuds.  The  ties  are  made  of  iron  at  the  Angleur  Works ;  they  are 
not  treated  in  any  way,  and  cost  the  railway  company  $1.08  each,  but 
the  net  cost  at  the  work^was  higher  than  this,  according  to  the  state- 
meat  of  the  inventor.  The  cost  of  maintenance  had  not  been  defined, 
but  was  very  low.  The  joint  ties  were  spaced  24  inches  apart,  center 
to  center,  and  the  intermediate  ties  34  inches.  The  ballast  is  of  ashes; 
it  is  20  inches  deep  in  the  middle,  level  with  the  rails  between  and  out- 
side of  the  tracks,  and  level  with  the  tops  of  the  ties  between  the  rails. 
The  dimensions  of  the  road-bed  are  as  follows :  6.56  feet  between  tracks 
(center  to  center  of  rails),  4.92  feet  center  to  center  of  the  rails  of  each 
track,  3.28  feet  from  center  of  outer  rails  to  top  of  ballast  slope,  30  inches 
width  of  ballast  slope.  The  rails  are  of  flange  sectioii,  weighing  60.36 
pounds  per  yard;  the  joints  are  suspended,  and  are  spliced  in  the  usual 
way.  The  reason  for  using  metal  ties  was  to  compare  the  cost  of  their 
maintenance  with  that  of  the  track  on  wooden  ties.  The  results  were 
satisfactory ;  there  was  no  trouble  with  maintenance,  and  the  only  trouble 
with  the  rail  fastening  (a  taper  key  driven  between  the  rail  flange  and 
a  lug  on  the  tie  plate)  was  that  before  driving  the  keys  to  a  tight  bear- 
ing it  was  necessary  to  dress  the  track  in  line  and  surface,  as  after  the 
keys  have  been  finally  driven  this  dressing  is  impossible  on  account 
of  the  extreme  stiffness  and  rigidity  of  the  track.  The  only  breakages 
were  in  the  chairs  which  appeared  to  be  rather  weak ;  no  accidents  were 
caused  by  these  breakages.  The  ties  appeared  to  behave  much  the 
same  as  wooden  ties ;  they  are  well  made,  but  as  regards  bearing  they 
do  not  present  more  advantages  than  wooden  ties,  which  would  have  a 
width  of  9.6  inches.  The  climate  is  moist  and  variable,  but  no  partic- 
ular observations  have  been  made  of  its  effect  on  the  ties.  Oak  ties 
cost  $1.17  each,  including  the  rail  fastenings,  and  have  an  average  life 
of  fifteen  years.  Creosoted  beech  ties  cost  $1.09  each,  including  rail 
fastenings,  and  have  an  average  life  of  twenty  years. 

Liege  and  Luxembourg  Railway.— The  Serres  and  Battig  system 
of  iron  longitudinals  (See  "Austria")  has  been  tried,  but  with  unsat- 
isfactory results  owing  to  numerous  breakages.  The  "  Coblyn"  type  of 
cross-ties  has  also  been  used.  The  principal  trials  have  been  with  the 
"  Post"  type  of  steel  cross-tie,  with  very  good  results,  as  noted  under 
"Holland,"  Netherlands  State  Railwaj'. 

Liege  and  Seraing  Railway.— The  Society  of  Economic  Railways 
(Liege  to  Seraiugand  extensions)  has,aftermakingexperiments,atlopted 
the  "  Coblyn"  type  of  steel  ties  to  replace  oak  ties.  In  thecompany's  re- 
port presented  at  a  meeting  in  May,  1888,  it  was  stated  that  renewals 
with  these  ties  would  be  carried  on  as  needed,  and  by  small  sections. 

Local  Railways. — A  special  statement  received  in  May,  1888, 
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shows  that  the  Local  Railwaj's  Company  laid  in  December,  1887,  500 
iron  ties  of  the  "  Bernard"  type,  covering  2,437  feet  on  the  line  fiom 
Jedoigne.  They  were  on  tangents  and  curves  of  large  radius,  .also  on 
grades  and  curves,  to  98.4 feet  radius.  Mr.  Dartevelde  was  the  engineer. 
The  ties  and  fastenings  were  of  steel,  but  the  chairs  were  of  iron.  The 
weight  per  tie  was  132  pounds,  and  there  were  6  ties  to  a  rail  length  of 
29.52  feet.  The  cost  was  $2.10  each  at  the  works.  The  rails  were  of 
flange  section,  G.4  inches  liigh,  weighing  60.36  pounds  per  yard ;  the 
joints  were  suspended.  The  results,  etc.,  are  the  same  as  given  in  the 
statement  relating  to  the  Belgian  state  railways.  Trials  have  also 
been  made  with  the  "  Ooblyn"  type  of  steel  ties. 

For  the  Charleroy  suburban  lines  the  company  has  adopted  the 
"  Z-irdn"  tie.  These  lines  are  9.3  miles  long,  one  meter  gauge,  with 
maximum  grades  of  6  per  cent,  and  curves  of  82  feet  radius.  There 
are  three  lines ;  on  two  of  them  the  traffic  consists  of  thirty  trains  per 
day,  and  on  the  third  line  fifty-four  trains.  The  lines  were  opened  in 
1887,  and  the  track  has  given  good  results  from  the  beginning,  especially 
in  regard  to  its  freedom  from  noise;  there  were  12,829  ties  in  service. 
The  lines  follow  the  country  roads,  and  the  track  is  in  some  places  in 
the  paved  streets,  and  in  other  places  on  waste  ground  along  the  side 
of  the  highway.  The  ties  weigh  114.4  pounds  each,  including  fastenings, 
and  cost  $1.30  each.  The  passage  of  trains  is  as  easy  and  quiet  as  on 
track  with  wooden  ties ;  the  crossings  are  laid  with  wooden  ties  and 
no  difference  is  noticed  when  the  trains  pass  from  track  with  metal  tics 
to  track  with  wooden  ties,  or  vice  versa.  This  is  claimed  to  be  due  to 
the  rigid  fastening  of  the  rails  by  a  taper  key. 

The  following  is  an  abstract  of  a  report  made  to  the  company  in  Oc- 
tober, 1888,  by  Mr.  F.  Grumieaux,  engineer  and  superintendent  of  the 
Charleroy  lines : 

The  liues  are  of  very  irregular  profile  ;  of  the  9.3  miles  total  length,  6.2  miles  pre- 
seut  grades  of  3  and  even  6  per  cent.  The  rails  are  29.ri2  feet  long  ;  those  laid  in  the 
streets  weigh  60.3  pounds  per  yard  and  have  eight  ties  to  a  rail  length;  those  laid  at 
the  side  of  the  road  weigh  43.2  ^^ounds  per  yard  and  have  ten  ties  to  a  rail  length. 
The  passage  of  trains  is  as  smooth  and  easy  as  on  track  with  wooden  ties,  as  can  be 
noted  at  crossings  where  wooden  ties  are  used.  The  taper  keys  first  used  were  too 
small ;  on  the  Lodelinsart  line,  where  there  is  a  grade  nearly  1.24  miles  long,  varying 
from  3.5  to  6  per  cent.,  down  whish  the  engines  run  with  the  brakes  i^artly  applied, 
there  was  considerable  creeping  of  the  rails,  the  ends  of  the  rail  touching  one  another 
and  the  ties  being  shifted  laterally  so  that  the  tangent  became  a  series  of  bends. 
This  part  of  the  track  was  relaid  in  June,  1888,  and  stronger  keys  were  used,  after 
which  there  was  neither  creeping  nor  displacement  of  the  track.  The  ties  taken  out 
bad  a  thin  coat  of  rust,  but  the  experience  was  then  too  short  to  allow  of  any  opinion 
to  be  formed  as  to  the  ultimate  effect  on  the  ties.  Some  Belgian  engineers  have 
affirmed  that  metal  ties  can  only  be  used  with  gravel  or  broken  stone  l)allast,  as  ashes 
will  destroy  them  by  corrosion,  owing  to  the  sulphurous  matter  contained  in  this  ma- 
terial. These  lines,  however,  are  ballasted  entirely  with  ashes,  and  the  future  will 
show  whether  the  opinions  of  these  engineers  are  well  founded.  No  figures  could  bo 
given  as  to  the  cost  of  maintenance  and  repairs,  and  in  fact  German  and  Dutch  en- 
gineers are  of  opinion  that  it  is  not  until  the  third  year  of  service  that  the  good  re- 
sults of  the  use  of  metal  ties  become  apparent. 
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TIES. 

The  Severac  Ties  (See  plate  No.  10).— The  "Severac"  tie  conHists  of  an  |-bcam  with 
a  broad  plate  riveted  to  the  bottom  ;  this  plate  extends  the  whole  Ituigth  of  the  tie, 
and  is  turned  up  at  the  "ends.  The  size  of  the  plate  on  \Aan  is  exactly  that  of  an 
ordiuiiry  woo<len  tie  and  the  height  and  width  of  the  closed  end  are  tlie  same  as  those 
of  a  wooden  tie,  so  that  the  volnnie  of  the  ballast  resting  on  the  bottom  plate  is 
practically  equal  to  the  volume  of  a  wooden  tie.  By  this  means  the  tie  itself  may  bo 
comparatively  light  for  handling,  say  about  198  pounds,  and  very  heavy  when  in  place 
in  the  track,  being  more  firm  or  stable  than  wooden  ties.  To  the  top  table  of  the 
|-beam  are  riveted  two  rail  chairs,  giving  the  rails  an  inward  inclination.  There  are 
two  projecting  lugs  on  each  chair:  the  outer  one  holds  the  outer  flange  of  the  rail, 
while  the  inner  one  has  a  taper  steel  key  driven  between  it  and  the  rail  flange. 

There  are  various  modified  forms  of  these  ties.  They  may  have  a  plate  riveted  on 
the  top  as  well  as  on  the  bottom  ;  or  they  may  be  rolled  with  a  narrow  top  flange  and 
a  wide  bottom  flange,  so  as  to  dispense  with  the  riveted  plate,  the  bottom  flanges  being 
cut  through  at  the  corners  and  bent  up  to  form  a  closed  end.  They  may  also  be  of  tee- 
section  (X  or  J.)»  with  the  horizontal  flanges  bent  down  or  up,  as  the  case  may  be,  to 
close  the  ends.  This  form  maybe  used  for  narrow-gauge  lines,  the  horizontal  flanges 
being  bent  down  or  up  and  then  horizontally,  so  as  to  form  a  top  table  at  the  ends  and 
a  bottom  table  at  the  middle,  or  rice  versa;  this  is  advantageous  for  lines  where  it  is 
desirable  to  economize  in  the  width  of  the  ballast,  as  the  resistance  to  lateral  motion  is 
then  at  some  distance  from  the  ends  of  the  tie.  (This  is  one  of  the  special  features 
claimed  for  the  Standard  steel  tie,  now  being  tried  in  the  United  States.)  Another  form 
is  of  J.-.section,  with  a  piece  of  angle-iron  riveted  to  each  side  of  the  top  of  the  web, 
under  each  rail,  forming  a  rail  seat.  Another  form  is  of  similar  section,  but  has  a  sad- 
dle piece  of  /\ -shape  at  each  rail ;  the  flat  top  rests  on  top  of  the  web  of  the  tie  and 
forms  a  rail  seat,  while  the  horizontal  flanges  ar^  riveted  to  the  bottom  flanges  of 
the  tie.  The  fastening  intended  to  be  used  was  a  bed-plate  of  mild  steel  riveted  to 
the  tie;  there  were  two  lugs,  the  outer  one  holding  the  outer  flange  of  the  rail  and 
the  inner  one  being  bent  down  to  hold  the  inner  side  of  the  flange,  or  bent  back  when 
a  rail  or  tie  was  to  be  removed.  This  would  require  a  very  soft  metal  to  stand  this 
bending  and  rebending  without  cracking,  and  steel  made  by  the  Gilchrist  process 
was  considered  the  best  for  this  purpose.  The  fastenings  by  means  of  lugs  and  a  key 
have,  however,  given  excellent  results.  While  this  tie  weighs,  in  position  in  the 
ballast,  about  3.W  pounds  (metal  and  stone),  an  ordinary  wooden  tie  only  weighs 
about  154  pounds. 

The  inventor  had  the  following  objects  in  view  in  designing  this  form  of  tie:  (1) 
the  suppression  of  movable  fastenings,  so  that  the  tie  could  be  made  complete  at  the 
works,  the  track  men  only  requiring  a  hammer  for  the  bent  lug ;  (2)  the  same  base  and 
the  same  resistance  to  longitudinal  and  transverse  motion  as  a  wooden  tie ;  (3)  easy 
ballastmg;  (4)  the  maintenance  of  the  gauge  and  the  inclination  of  the  rails;  (5) 
easy  placing  and  removing;  (6)  ease  of  manufacture.  In  regard  to  this  hist  point, 
however,  it  may  be  noted  that  the  ties  in  use,  with  eighteen  rivets  each,  represent  a 
good  deal  of  shop-work. 
These  ties  have  l)een  tried  on  the  Belgian  lines  of  the  Northern  Railway  of  France. 
The  Bernard  Ties  (See  plate  No.  10.) — Mr.  Bernard,  engineer  of  the  Belgian  division 
of  the  Northern  Railway  of  France,  has  invented  a  cross-lie  consisting  of  two  channel- 
irons  placed  back  to  back,  and  with  a  broad  bed-plate  riveted  to  the  bottom  at  each  end, 
each  plate  having  eight  rivets,  and  the  end  of  the  plate  being  turned  up  to  make  a 
closed  tie.  Each  rail  rests  on  a  chair  secured  to  the  top  of  the  channels  by  bolts,  the 
J,  heads  of  which  are  on  the  underside  of  the  top  flanges  of  the  channels.  A  special 
form  of  nut  is  used,  having  part  of  its  lower  face  plain  and  part  indented;  the  plain 
part  bears  on  a  washer  wljich  is  hirge  enough  to  leave  a  space  between  it  and  the 
bolt.  Ir.  this  space  is  Ji  spring  nut-lock  of  one  S|>iral ;  the  lower  part  of  the  spring 
has  a  lug  which  fits  into  a  hole  in  the  rail  clamp,  and  the  upper  part  has  a  tooth  ea- 
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gaging  with  the  teeth  ou  the  lower  face  of  the  nut  and  so  preventing  it  from  working 
loose.  The  tie  may  bo  made  with  two  2-''t>"8  instead  of  channel-irons,  the  lower 
flanges  being  inward.  They  can  also  bo  adapted  for  double-beaded  rails  by  using 
the  regular  chairs  for  this  form  of  rail  instead  of  the  flat  (jhair  for  flange  rails. 

In  a  pamphlet  upon  his  patent  tic,  Mr.  Bernard  says: 

"The  tie  may  be  considered  as  formed  of  two  ties  united  ;  it  presents  two  bearing 
points  for  the  rail,  so  that  the  distance  between  these  ties  is  gained  in  the  general 
spacing  of  the  ties  and  their  number  can  be  reduced  33  per  cent.  The  distance  be- 
tween the  two  bolts  on  each  side  of  the  rail  is  12.16  inches.  For  eight  ties  to  a  rail 
length  of  29.52  feet,  the  joints  are  suspended,  and  the  arrangement  is  11.2  inches 
center  to  center  of  bolts  of  joint-ties,  and  34.2  inches  between  the  adjacent  bolts  of 
intermediate  ties,  except  that  the  distance  between  the  two  middle  ties  is 35.12 inches. 
For  six  ties  to  a  rail-length  of  29.52  feet,  the  joints  are  supported  and  the  arrange- 
ment is  41.68  inches  between  the  bolts  of  the  joint  and  shoulder  ties,  and  50.92 
inches  between  tho.se  of  the  interuiediate  ties.  The  weight  is  from  242  to 305.8  pounds, 
but  as  each  tie  of  this  type  is  equivalent  to  one  and  a  half  ordinary  ties,  the  com- 
parative weight  would  be  about  160  and  203  pounds  respectively.  For  the  spacing  of 
six  ties  to  a  rail-length  of  29.52  feet,  Mr.  Bernard  suggests  a  rail  about  6.4  inches 
high,  4.2  wide  over  the  flange,  2.48  wide  at  the  head,  and  weighing  about  86  pounds 
per  yard.  The  sixteen  rivets  per  tie  represent  a  good  deal  of  shop-work,  as  with 
the  'Severac'  tie." 

These  ties  have  been  tried  on  the  Belgian  State  railways  and  the  lines  of  the  local 
railways  company. 

The  Coblyn  Ties  (See  plate  No.  10). — These  are  steel  cross-ties  of  approximately 
X-sectiou,  but  with  a  deep  groove  along  the  middle  of  the  top  table;  the  edges  of 
the  top  table  are  turned  down  slightly  and  the  ends  are  closed.  For  standard  gauge 
lines  they  are  about  7.8  feet  long,  9.6  inches  wide  over  all,  3.64  inches  deep  in  the 
middle,  and  1.04  inches  at  the  sides,  .32  inch  thick  on  top,  and  weighing  about  112.2 
pounds.  The  cost,  with  fastenings,  complete  for  rails  weighing  about  72.33  pounds 
per  yard  is  about  $1.89  per  tie.  For  meter-gauge  lines  they  are  about  5.9  feet  long, 
8  inches  wide,  3.5  inches  deep  in  the  middle,  and  .96  inch  deep  at  the  sides,  .32  inch 
thick  on  top,  and  weighing  about  61.6  pounds.  The  cosf,  with  fastenings,  complete 
for  rails  weighing  about  42.25  pounds  per  yard  is  about  $1.26  per  tie.  A  speci.al  form 
of  fastening  is  designed  to  be  used  with  the  heavier  flange  rails.  The  rail  rests  on  a 
chair  riveted  to  the  tie  ;  the  inner  side  of  the  flange  is  held  by  a  lug  projecting  1.6 
inches  over  it ;  on  the  outer  side  is  a  high  jaw  inclined  toward  the  rail ;  over  this  flts 
a  loose  cap,  with  its  inner  face  also  inclined,  and  having  a  vertical  groove;  a  taper 
wooden  key  is  driven  between  the  side  of  the  cap  and  the  web  of  the  rail  and  bears 
tightly  against  the  under  side  of  the  rail  head;  the  wood  swells  into  the  groove  in 
the  cap  so  that  the  key  can  not  work  loose.  The  several  parts  of  the  fastening  are 
stamped  at  the  works.  This  fastening  may  be  used  for  wooden  ties,  and  it  is  claimed 
that  the  use  of  the  tie  plate  will  increase  the  dui-ability  of  wooden  ties  and  enable 
soft  woods  to  be  used. 

These  ties  have  been  tried  on  the  Liege  and  Luxembourg  Railway,  and  adopted  on 
the  Liege  and  Seraing  Railway.  The  riding  over  metal  ties  with  the  fastening  de- 
scribed is  said  to  be  as  quiet  as,  if  not  quieter  than,  over  wooden  ties  with  ordinary 
clamp  or  spike  fastenings  holdiug  the  rail  by  the  flange;  this  is  attributed  to  the 
holding  of  the  rail  by  the  web  and  head  with  an  elastic  body,  which  absorbs  the  vibra- 
tions. These  ties  give  a  good  bearing  for  the  rail,  make  a  stable  track,  are  easily 
ballasted,  and  may  be  used  with  broken  stone  or  slag  ballast. 

The  ^-Iron  Ties  (See  plate  No.  10).— These  ties  are  composed  of  two  rolled 
beams  of  2-86ction,  with  vertical  web,  placed  side  by  side  with  the  lower  flanges 
inward.  At  each  end  is  placed  a  cast-iron  rail  chair  with  wings  projecting  down  into 
the  tie  between  the  two  beams;  three  rivets  passing  through  each  chair  and  the  webs 
of  the  beams  hold  the  pieces  firmly  together.  The  2-irons  present  a  great  resistance 
to  vertical  beading  motion,  and  the  tie  is  very  strong.    The  weight,  including  fasten- 


119 

ings,  for  ordinary  track,  is  about  195.8  pounds,  and  for  rails  weighing  100  pounds  per 
yard  about  209  pounds.  Tho  2-iiou8  for  these  lieavy  ties  are  about  2.(5  iuclies  wide, 
4.4  inches  deep,  aud  .28  iuch  thick.  Tlio  rails  are  of  ilange  section,  and  are  given  the 
usual  inclination  by  the  seat  of  the  chair;  there  is  a  lug  on  each  side  of  the  plate-, 
the  outer  lug  fits  over  tho  outer  side  of  tho  rail  fiange,  aud  a  taper  key  is  driven  hori- 
zontally between  the  inner  lug  and  inner  side  of  tho  rail  flange;  to  prevent  the 
key  from  slacking  back  the  end  is  split,  and  may  be  opened  with  a  chisel  when  driven 
home,  and  a  small  wooden  or  metal  wedge  may  be  driven  into  the  split  end.  This 
makes  a  very  tight  and  secure  fastening ;  tho  rail  is  fixed  as  in  a  vise;  the  surfaces 
in  contact  being  extended,  there  is  no  wear  or  play,  aud  consequently  no  vibration  or 
rattling.  It  is  estimated  that  the  proposed  ties,  weighing  209  pounds,  would  cost 
$2.45  each,  or  $4,740.75  per  mile  with  1,935  ties  per  mile;  white  oak  tics  would  cost, 
with  plates  and  fastenings,  $1.90  each,  or  about  $4,907  per  mile  with  2,580  ties  per 
mile.  The  reduced  annual  cost  for  maintenance  is  a  special  advantage.  It  is  calcu- 
lated that  the  annual  cost  per  yard  for  mainteuauco  would  bo  with  the  metal  ties  21.7 
cents  for  ten  years,  17.15  cents  for  fifteen  years,  or  12.21  cents  for  thirty  years.  With 
wooden  ties  8  feet  2  inches  long,  12  by  6  inches  section,  it  would  be  30.62  cents  for  ten 
years,  and  22.92  cents  for  fifteen  years.  The  track  can  be  more  readily  and  quickly 
laid  than  with  rails  spiked  or  clamped  to  wooden  ties.  The  weight  of  the  tie  in  the 
track  is  increased  to  about  396  pounds  by  the  ballast  withiu-it,  and  it  is  very  easily 
tamped  and  ballasted.  These  ties  are  to  be  giveu  trials  in  various  countries.  The 
Congo  Railway  Company  (in  the  interest  of  the  Belgian  Government)  has  ordered 
these  ties  for  270  miles  of  road,  from  Matide  to  Stanley  Pool.  The  chief  engineer  of 
the  Ottoman  Railway,  of  Turkey  (owned  by  an  English  company),  has  recently 
been  in  Belgium  with  a  view  to  replacing  the  wooden  ties  with  "Z"  ties.  The  fol- 
lowing railways  also  intend  to  experiment  with  them :  Loaudo  and  Ambaca,  in  the 
Portuguese  territory  of  the  Congo;  Portuguese  State  railways;  Minho  and  Douro 
Railway,  Portugal;  South  aud  Southeastern  Railway,  Portugal;  State  railways, 
France ;  Egyptian  railways ;  Bono  aud  Guelma  Railway,  Algeria. 

SUMMARY  OF  METAL  TRACK  FOR  BELGIUM. 


Railway. 

Metal 

cross-ties, 

(about). 

State 

IfilM. 
100.00 

Great  Central., 

5.00 

Northern 

.75 

Local 

9.75 

- 

Totel 

115.50 

GERMANY. 

General  Remarks. — Germany  has  an  extensive  system  of  railways, 
most  of  which  are  State  railways.  The  principal  system  of  the  German 
Empire  is  that  of  the  Prussian  State  railways,  which  are  owned  and 
operated  by  the  Prussian  Government  j  the  system  is  divided  into 
divisions  corresponding  with  the  several  provinces  of  the  Prussian 
Kingdom.  The  railways  of  the  other  States  of  the  empire,  not  belong- 
ing to  Prussia,  are  owned  by  the  governments  of  these  States  as  a  rule. 
There  are  also  several  private  railways,  some  of  which  are  under  gov- 
ernment control.  The  lines  are  principally  of  stiindard  gauge,  4  feet 
8J  inches. 

In  this  country  very  extensive  experiments  with  metal  track  have 
been  made,  the  experiments  extending  over  a  number  of  years  and  iu- 
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eluding  trials  of  various  types  of  track.  The  experience  has  been  in 
general  in  favor  of  the  metal  track,  and  has  led  to  its  being  adopted  in 
some  cases.  The  first  experiments  were  made  in  1862,  and  in  1880-'81 
there  were  2,875.5  miles  laid  with  metal  track,  equal  to  8.1  per  cent,  of 
the  total  mileage  then  in  operation.  In  January,  1885,  there  were 
3,234.54  miles  laid  with  metal  cross-ties,  and  3,145.20  miles  with  metal 
longitudinals,  a  total  of  6,379.80  miles  of  metal  track,  representing  16.52 
per  cent,  of  the  total  length  of  single  track,  which  was  then  38,608 
miles.  The  following  table,  showing  the  growth  of  different  classes  of 
track  on  German  railways,  from  1878  to  1884,  is  from  the  report  of  Mr. 
Bricka  to  the  minister  of  public  works  (France),  and  to  it  I  have  added 
the  oflBcial  figures  for  1888 : 

Mileage  of  German  railways,  1878-1884. 


Year. 

Main  lines. 

Local  lines. 

Total  1  rack. 

Wooden 
ties. 

Metal  longi 
tndinals. 

Metal  ties. 

Stone, 

blooks, 

etc. 

1878 

1879 

18S0 

18,  645.  88 
19,041.44 
18, 886. 44 
18,  978.  82 
19,001.76 
18,  982.  ,54 
18,  931.  70 
19, 169. 16 

833.  28 
1,582.86 
1,988.96 
2.  165.  04 

2,  582. 92 

3,  059.  70 
3,  642.  50 
5, 107.  56 

33,  343.  fiO 
.34,  904.  76 
•3^  522.  90 

36,  OCI.  68 
36,906.  12 

37,  697.  86 

38,  608.  02 
41, 290.  76 

32, 008.  74 
32,  621.  30 
32,  399. 34 
32,  150.  72 
32.  088.  72 
32,  008.  74 
31,914  50 
32, 147. 62 

902. 10 
1,574.18 
1,980.28 
2,  359.  72 
2,604.00 

2,  892.  92 
3, 145, 26 

3,  662. 52 

176.46 
489. 18 
828.32 
1,  240.  00 
1,905.26 
2, 485. 58 
3,  234. 54 
5, 224. 12 

257.  30 
220.10 
311.96 

1881 

311.  24 

1882 

308. 14 

1>>83 

310.  62 

1884 

313. 72 

1888 

356.50 

During  the  past  decade  there  has  been  considerable  activity  in  the 
introduction  of  metal  track,  and  the  results  have  been  in  general  thor- 
oughly satisfactory.  This  experience  is  of  more  practical  value  than 
that  of  the  earlier  experiments,  as  the  earlier  forms  of  track  were  natu- 
rally deficient  in  many  ways,  while  the  more  recent  forms  have  been 
designed  in  accordance  with  the  teachings  of  experience  and  have  been 
in  service  under  modern  conditions  of  traflBc.  Both  longitudinals  and 
cross-ties  have  been  tried  on  an  extensive  scale,  but  the  former  are  not 
being  used  to  any  extent  for  new  work,  while  large  quantities  of  cross- 
ties  are  being  introduced  continually.  It  is  stated  on  authority  that  on 
new  lines  and  on  such  old  -lines  as  are  to  be  thoroughly  repaired,  the 
Hilf  system  of  longitudinals  is  not  to  be  used  any  more,  and  the  Haar- 
mann  system  of  longitudinals  only  to  a  limited  extent.  The  reasons 
given  are  that  the  maintenance  is  difficult  and  the  construction  and 
drainage  of  the  road-bed  especially  difficult.  As  regards  the  life  of  the 
ties,  that  is  a  point  as  yet  undetermined;  the  earlier  forms  of  ties  were 
too  weak  for  modern  conditions  of  traffic,  and  those  fitted  for  such  con- 
ditions have  only  been  in  service  for  from  five  to  ten  years.  On  the 
Elberfeld  division  of  the  Prussian  State  railways  (Westphalia),  it  is 
considered  that  metal  ties  will  not  have  a  longer  life  than  wooden  ties 
(fifteen  years  maximum) ;  but  in  view  of  the  experience  with  the  earlier 
ties  and  of  the  durability  of  steel  rails,  etc.,  this  estimate  can  hardly  be 
considered  as  correct.  Mr.  Gustav  Meyer,  chief  engineer  of  the  Prus- 
sian State  railways,  is  of  opinion  that  the  life  of  metal  cross-ties  of 
modern  design  may  be  estimated  as  at  least  double  that  of  the  best 
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wooden  ties,  or  thirty  to  forty  years.  Metal  ties  have  been  definitely 
adopted  on  souie  lines. 

Wooden  ties  are  still  used  to  a  very  great  extent,  partly  owing  to  the 
policy  of  the  government  to  foster  and  develop  the  forests  and  encour- 
age the  forest  industries,  and  partly  on  account  of  their  smaller  first 
cost.  The  native  forests  can  not  supply  nearly  enough  timber  to  meet 
the  demands,  and  large  quantities  of  wooden  ties  are  imported  annually. 
The  appropriations  for  railways  in  J888  included  about  $2,500,000  for 
wooden  ties  and  only  $1,000,000  for  metal  ties,  and  it  was  estimated 
that  the  importation  of  wooden  ties  amounted  then  to  $450,000.  This 
has  roused  the  iron  and  steel  manufacturers,  who  have  called  the 
attention  of  the  government  to  the  fact  that  metal  ties  are  a  success 
in  point  of  eflSciency  and  economy,  and  they  have  petitioned  the  gov- 
ernment to  provide  for  a  more  rapid  introduction  of  such  metal  track 
in  the  interests  of  the  iron  industries.  Large  quantities  of  metal  ties 
are  made  for  export ;  according  to  a  report  by  Mr.  Tanner,  United  States 
consul  at  Chemnitz,  Germany  exported  26,991  tons  of  steel  ties  in  1885 
as  compared  with  17,000  tons  in  1884. 

It  has  been  stated  sometimes  in  the  technical  and  daily  press  that  the 
metal  track  has  not  proved  satisfactory,  and  is  being  either  discontin- 
ued or  actually  removed.  The  perusal  of  the  following  pages  will  show 
clearly  that  the  metal  track  is  a  success  and  that  a  supposed  economy 
is  the  main  reason  for  the  comparative  slowness  with  which  it  is  being 
further  introduced.  The  fact  of  the  use  of  metal  ties  at  swiiches  and 
frogs  on  the  Prussian  state  railways  (see  the  end  of  the  part  of  this 
report  relating  to  Germany)  is  an  evidence  of  the  efficiency  of  the  track 
and  the  favor  with  which  it  is  regarded.  In  the  only  instance  where 
metal  track  has  been  abandoned  (on  the  Altona  division  of  the  Prus- 
sian State  railways)  it  is  officially  stated  that  local  conditions  of  the 
ballast  and  road-bed,  and  not  any  deficiencies  of  the  track,  have  led  to 
this  action.  The  tracks  laid  with  wooden  ties  are  being  improved  by 
the  extensive  introduction  of  heavy  metal  tie-plates  and  improved  fast- 
enings for  the  rails.  The  wooden  ties  are  usually  treated  with  some 
preservative  process.  The  administration  of  the  Saxony  State  rail- 
ways report  that  wooden  ties  are  used  almost  exclusively  upon  these 
lines. 

The  extent  of  metal  track  on  the  Prussian  State  railways  in  1886 
and  1887  was  as  follows : 


1885-'86. 


Cross-ties. 


Longltudi- 
II  ids. 


1886-'87. 


Cross-ties.  I  ^"jgj^'"- 


Main  tracks 
Side  tracks. 

Total . 


MOet. 

2,480  : 

2i8  ' 


Milt*.  Mile*. 

2, 232         2,  870.  60 
124  200. 40 


2.728 


2,356 


Miles. 
2, 275. 40 
124.00 


3,131.00 


2,  399  40 
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Kew  material  was  used  as  follows : 


Iron  tiea  and  longitudinals. 

Wooden  ties. 

Tear. 

Tona. 

Total  cost. 

Cost  per 
ton. 

Number. 

Total  cost.-    Cost^per 

1885-'86 

40, 214 
31,913 

$1,356,067.00 
1,041,760.75 

$33.75 
32.75 

1,510,806  $1,7<J4,?48.25          $1.18 
1  581  169  ;  1  R7R  -'<-'>'  m*            1  1*% 

J886-'87 

1 

The  following  table  gives  the  quantities  of  wooden  and  iron  ties  laid 
inl886,  1887,  and  1888: 

Prussian  state  railways. 


Tear.      ' 

Wooden 
ties. 

Metal  ties. 

Wood. 

MetaL 

1885-'86 

No. 
1.  507, 263 
1, 582, 877 
1,  654,  304 

No. 

672,086 
522, 470 
493,  623 

Per  cent. 
69.16 

Per  cent. 

MM 

1886-'87 

75. 18            24.  82 

1887-'88 

77.  02            22. 08 

All  railways  in  Germany. 


1885-'86 2,462,004 

1886-'87 2,544,992 

1887-88 2,677,424 


29.03 
25.44 
21.90 


The  following  table  gives  the  comparative  mileage  of  different  classes 
of  track  from  1880  to  3885 : 


Cross-ties. 

Loiiffitiidi- 

Total  mileage. 

Year. 

Wood. 

Iron. 

Mileage. 

bills — iron 
(tnileafte). 

Cross- ties. 

LoDfti- 
tndiuals. 

1880-'81 

Per  cent. 
96.73 
95. 39 
93.51 
91.90 
89.97 

Per  cent. 
2.43 
3.74 
5.63 
7.23 
9.18 

33,442 

33,  704 

34,  270 
34,873 
35,416 

2.  046.  5 
2, 422.  6 
2,636.5 
2.957.3 
3, 219.  3 

Per  cent. 
94.10 
93.18 
92.76 
92.10 
91.55 

Per  cent. 
5.76 

l881-'82 

6.70 

1882-'83 

7.14 

1883-'84 

7.81 

1884-'85 

8.32 

Note.— Small  balance  of  length  not  accounted  for. 

About  June,  1889,  the  following  note  on  this  subject  appeared  in 
"  Kuhlow's  German  Trade  Review  :" 

Metallic  v.  Wooden  Ties  in  Germany.— As  far  back  as  last  year  the  North-German 
group  of  the  German  Iron  and  Steel  Manufacturers'  Union  and  the  German  Ironmas- 
ters' Union  addressed  a  petition  to  the  minister  of  public  works,  in  which  the  latter 
was  requested  to  take  steps  so  that  the  use  of  wooden  ties  should  not  only  not  be- 
come greater,  but  that  the  substitution  of  iron  or  steel  ties  for  wood  might  be  con- 
tinued, as  was  the  case  in  the  previous  year,  and  to  proceed  with  the  view  to  having 
everything  connected  with  the  railway  lines  only  of  iron  and  steel.  The  societies 
above  named  have  recently  again  addressed  themselves  to  the  minister  with  the  re- 
quest that  the  latter  do  all  in  his  power  to  put  an  end  to  the  importation  of  foreign 
wooden  ties,  and  to  supply  the  deficiency  thus  created  by  an  increased  use  of  iron 
ties.    The  petitioners  assigned  a  number  of  reasons  for  their  action.     The  increase  in 
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the  nse  of  iron  ties,  which  on  the  PruHsiaii  railways  was  11^  per  cent,  on  the 
quantity  in  use  in  1883-'84,  was  only  .53  per  cent,  ou  the  other  railways  of  Germany, 
while  the  Gerniuu  forest  owners  derived  no  beuelit  therefrom,  as  can  be  proven  by 
the  figures  representing  the  yearly  importation  from  abroad  of  wooden  ties.  The 
amount  of  wages  lost  by  German  railway  workmen  consequent  upon  importing  ties 
from  abroad  is  calculated  at  $1,392,187.50  and  the  loss  caused  by  the  diminution  in 
the  traffic  ou  the  state  railways  at  $371,250.  A  reply  to  the  petition  has  just  been 
received  from  the  minister  of  public  works,  iu  which  he  states  that  he  is  very  glad 
when  he  can  encourage  the  use  of  iron  ties  ou  the  Prussian  railways  as  formerly,  but 
he  is  not  in  a  position  to  accede  to  the  request  of  the  petitioners  to  exclude  as  far  as 
possible  the  wooden  ties.  The  wooden  ties,  particularly  after  the  new  improvements 
iu  the  tie-plates  and  track  fasteniugs,  have  proved  themselves  to  be  especially  suit- 
able as  supports  for  the  rails,  while  the  iron  ties  hitherto  supplied  have  not  suffi- 
ciently justified  their  use  on  those  portions  of  the  line  in  which  a  fine  or  impervious 
material  for  ballast  has  to  be  reckoned  with.  When  iron  ties  are  produced  which 
will  obviate  the  difficulties  attendant  on  their  use  in  the  cases  named  a  large  increase 
in  their  application  will  take  place  even  on  those  lines  on  which  they  have  been 
hitherto  used  only  to  a  limited  extent. 

Prussian  State  Railways. — Berlin  division  {province  of  Branden- 
burg).— Metal  longitudinals  of  the  "  Hilf  "  and  "  Haarmanu  "  types  are 
used  (See  plate  No.  12),  and  at  the  end  of  1884  there  were  473  miles  of 
this  class  of  track  in  service.  The  Haarmann  longitudinal,  as  now 
used,  is  in  lengths  of  29.49  feet,  weighing  508.95  pounds,  or  51.75  pounds 
per  yard ;  it  has  the  middle  part  aboui:  4  inches  wide,  2.08  inches  deep, 
and  .30  inch  thick,  with  a  rib  on  each  side  of  the  top  table,  forming  a 
groove  for  the  flange  of  the  rail ;  the  flanges  of  the  longitudinal  are  in- 
clined downwards  toward  the  outer  edge  at  a  slope  of  lin  12  and  the 
edges  are  bent  down  vertically  to  a  depth  of  1.18  inches  j  the  width  over 
the  flanges  is  12.8  inches.  The  rail  clamps  are  short  channel  plates  (c ), 
with  the  top  flange  bearing  on  the  rail  and  the  bottom  flange  ou  the 
inner  side  of  the  longitudinal ;  the  two  clamps  are  held  together  by  a 
bolt  .76  inch  diameter  passing  through  the  clamps  and  through  the 
upper  part  of  the  longitudinal,  under  the  rail.  At  the  joints  the  ends  of 
the  longitudinals  rest  on  a  saddle  plate  of  inverted  channel  section, 
with  a  deep  groove  rolled  iu  the  top  table,  which  is  iuclined  so  as  to 
make  the  outer  side  of  the  longitudinals  higher  than  the  inner  side, 
and  so  give  the  rail  the  usual  inward  inclination.  The  lower  flanges  of 
the  rail  clamps  pass  through  the  top  of  the  saddle,  taking  a  bearing  on 
the  under  side  of  tbe  top  table.  The  saddle  is  secured  to  a  bed  plate 
19.28  inches  wide  and  .40  inch  thick,  by  bolted  clamps  on  the  Ruppel 
plan  (See  plate  No.  13).  The  rails  are  of  flange  section,  weighing  59.7 
pounds  per  yard;  they  are  29.52  feet  long  and  5  inches  high,  with  a 
flange  3.40  inches  wide.  The  rail  joints  are  spliced  by  deep  angle-bars 
having  a  vertical  web  projecting  below  the  rail.  Tlie  weight  of  the 
track  complete  is  1,G1G..55  pounds  per  rail  length,  or  179.63  pounds  per 
yard.    This  system  of  metal  track  is  used  on  the  Berlin  City  Rjiilway. 

The  Haarmann  combined  rail  and  longitudinal  has  also  been  tried 
for  a  length  3.1  miles.  This  compound  rail  (Sec  plate  No.  12)  was  a 
large  flange  rail  composed  of  two  pieces  placed  side  by  side ;  it  was  8 
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inches  high  over  all,  12  inches  wide  over  the  flange,  with  a  head  2.4 
inches  wide  ;  the  two  parts  were  connected  by  two  rows  of  rivets,  and 
the  joints  were  spliced  by  angle-bars  16  inches  long,  with  eight  bolts 
in  two  rows.  The  two  parts  of  each  rail  broke  joint  by  20  inches. 
Fhit  tie-bars,  with  ends  bent  at  right  angles  and  secured  by  bolts  pass- 
ing through  the  webs  of  the  rails,  were  placed  at  intervals  of  9  feetlO^ 
inches.    The  weight  of  this  track  was  273  pounds  per  yard. 

The  following  is  Mr.  Bricka's  statement  of  the  track  of  this  division 
at  the  end  of  1884 : 

Miles. 

Main  lines 1,414.22 

Locallines 163.68 

Total  track 2,762.72 

Wooden  ties 2,276.64 

Metal  longitudinals 473.06 

Metal  ties 1.24 

Stone  blocks,  etc 11.78 

Two  systems  of  track  are  adopted  for  the  bridges  of  the  city  railway, 
for  the  purpose  of  deadening  the  noise  :  (1)  The  rails  rest  on  iron  lon- 
gitudinals, of  the  Haarmann  type,  connected  by  iron  cross-tie  connec- 
tions, wooden  packing  blocks  being  placed  between  the  two  parts.  A 
watertight  casing,  hung  below  the  floor,  receives  all  water  and  drainage 
and  is  covered  with  a  thin  layer  of  gravel  to  deaden  the  noise  from 
vibration.  The  wooden  blocks  are  diflQcult  to  maintain.  (2)  The  longi- 
tudinals are  bedded  in  gravel  laid  in  troughs  along  the  bridge,  the  toi» 
of  the  longitudinal  being  level  with  the  top  of  the  trough.  The  floor  is 
of  buckle  plates  covered  wifeh  gravel.  This  track  is  heavy  and  altera- 
tions cannot  easily  be  effected  for  frogs  and  switches,  while  it  is  difii- 
cult  to  tamp  the  longitudinals  properly. 

Prussian  State  Eailways. — Elherfeld  division  {province  of  West- 
phalia).— This  division  includes  most  of  the  lines  in  the  industrial  dis- 
trict of  the  Rhine,  in  Westphalia,  and  has  a  heavy  traffic  on  its  princi- 
pal lines.  It  also  includes  the  former  Berg  and  Mark  Railway,  the 
name  of  which  is  well  known  in  connection  with  metal  track,  this  road 
having  been  one  of  the  first  to  experiment  on  a  large  scale  with  such 
track.    The  following  is  Mr.  Bricka's  statement  of  the  track  for  1884 : 

Miles. 

Main  lines 587.76 

Local  lines ," 151).  96 

Total  track 1,590.30 

Wooden  ties 912.02 

Metal  longitudinals 41. 54 

Metal  ties 629.30 

Stone  blocks,  etc 7.44 

The  first  trials  made  in  Germany  with  metal  ties  were  made  on  the 
old  Berg  and  Mark  Railway.  The  trials  were  commenced  in  18G9,  with 
ties  of  the  original  "  Vautherin"  type  ;  these  were  3.2  inches  wide  on 
top,  6.8  inches  wide  inside  on  the  bottom,  and  9.2  inches  wide  over  the 
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flanges ;  2.4  inches  deep  ;  the  sides  and  top  were  .24  inch  thick  and  the 
flanges  .32  inch  thick  ;  the  weight  was  40.70  pounds ;  the  ends  were 
open.  This  type  not  proving  satisfactory,  changes  were  made  which 
led  to  the  designing  of  the  "Berg-and-Mark"  (or  Bergisch-Markische) 
type  of  tie.  It  is  a  modification  of  the  "  Vautheriu"  type,  doing  away 
with  the  narrow  horizontal  flanges  at  the  bottom,  and  having  the  lower 
part  of  the  sides  bent  to  a  vertical  position  (See  plate  No.  12).  The  tie 
was  7.5  feet  long,  5.2  inches  wide  on  top,  9.2  inches  wide  on  the  bottom, 
and  2.4  inches  deep,  with  the  sides  vertical  for  1  inch  from  the  bottom  ; 
the  thickness  was  .24  inch  at  the  bottom,  increasing  to  .36  inch  at  the 
top,  aiid  on  the  under  side  of  the  top  table  was  a  rib  1.44  inches  wide, 
making  the  thickness  .52  inch  to  give  extra  strength  at  the  holes  for 
the  fastenings.  The  tie  was  horizontal  for  a  length  of  3  feet  3f  inches 
at  the  middle,  and  then  inclined  upward  1  in  20  to  the  ends,  which  were 
closed  by  bending  over  the  top  table.  The  weight  of  the  tie  was  98 
pounds,  and  of  the  fastenings  5.4  pounds,  makinga  total  of  103.4  pounds 
per  tie.  The  rails  were  of  flange  section,  weighing  66  pounds  per  yard, 
and  having  a  flange  4  inches  wide.  The  fastenings  of  each  rail  consisted 
of  three  gibs  and  a  cotter  (See  plate  No.  13).  The  outer  flange  was  held 
by  a  gib,  the  lower  side  of  which  bore  on  the  inside  of  the  tie;  a  sim- 
ilar gib  held  the  inner  flange,  and  a  small  gib  was  placed  against  the 
opposite  side  of  the  hole  in  the  tie,  so  as  to  give  a  good  bearing  for  the 
cotter,  which  was  driven  down  vertically  between  these  two  gibs. 
The  cotter  was  about  6^  inches  long,  eleven-sixteenths-inch  thick — l^^ 
inches  wide  at  top  and  thirteen-sixteenths  inch  wide  at  1^^  inches  from 
the  end,  thence  tapering  to  a  point ;  the  side  furthest  from  the  rail  was 
perpendicular  to  the  top  of  the  tie.  The  gibs  were  all  eleven-sixteenths 
inch  thick ;  the  outer  and  the  small  inner  gibs  were  made  in  three  dif- 
ferent widths,  to  allow  for  the  adjustment  of  the  gauge  at  curves,  etc. 
At  the  rail  joints  the  ties  were  spaced  20.4  inches  apart,  center  to  cen- 
ter. 

Metal  ties  only  are  now  used  for  main  lines ;  metal  and  wooden  ties 
are  used  for  branch  and  local  lines.  The  ties  for  main  lines  are  of  the 
modified  Berg-and- Mark  type  (See  plate  No.  12).  They  are  8.2  feet 
long,  4.4  inches  wide  on  top,  8.72  inches  wide  inside  at  the  bottom,  and 
9.36  inches  wide  over  the  ribs  on  the  bottom  edges ;  they  are  3  inches 
deep,  with  the  sides  nearly  vertical  for  1.5  inches  from  the  bottom ;  the 
sides  are  .28  inch  thick ;  the  top  table  is  .36  inch  thick,  with  a  strip 
along  the  middle  .52-inch  thick  for  a  width  of  1.44  inches,  the  extra 
metal  being  added  on  the  under  side.  The  middle  part  of  the  tie  is  hori- 
zontal for  a  length  of  3  feet  3|  inches,  and  is  then  inclined  upward  1 
in  20  to  the  ends,  which  are  closed  by  bending  down  the  top  table. 
The  weight  is  119.24  pounds  per  tie.  There  are  10  ties  to  a  rail  length 
of  29.52  feet;  the  joint  ties  are  spaced  24  inches  apart  center  to  center, 
and  the  intermediate  ties  37.04  to  37.08  inches  apart.  The  rail  fasten- 
ings are  gibs  and  cotters  arranged  as  above  described ;  the  outer  gib 
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weighs  .75  pound,  the  inner  gib  .68  pound  ;  the  small  gib  .20  pound,  and 
the  cotter  .97  pound.  The  rails  are  of  flange  section,  29.52  feet  long, 
\s'eighiug  (57.2  pounds  per  yard  ;  they  are  5.36  inches  high,  and  have  a 
flange  4.20  inches  wide.  The  weight  of  the  track  is  2,696.93  pounds  per 
rail  length,  or  274.08  pounds  per  yard.  The  ties  for  local  lines  are  of 
the  original  Berg-aud-Mark  type ;  8.2  feet  long,  5.2  inches  wide  on  top, 
9.2  inches  wide  on  the  bottom,  2.4  inches  deep,  with  the  sides  vertical 
for  1  inch  from  the  bottom ;  the  sides  are  .28-inch  thick,  and  the  top 
table  .36-iuch  thick,  with  a  rib  along  the  under  side,  making  it  .52-inch 
thick  for  a  width  of  1.44  inches.  They  are  bent  to  shape  and  have  the 
ends  closed  in  the  same  way  as  the  heavier  ties.  The  weight  is  106.26 
pounds  per  tie,  and  the  track  weighs  2,567.13  pounds  per  rail  length,  or 
260  i)ouuds  per  yard. 

The  following  is  a  detailed  statement,  furnished  in  July,  1888,  by  the 
oflicers  of  the  division  for  the  purpose  of  this  report : 

This  division  includes  the  former  Berg-and-Mark  Railway,  and  in  1887  it  comprised 
about  806  miles  of  line,  with  about  1,649.20  miles  of  main  and  side  tracks,  laid  as 

follows : 

Miles. 

Wooden  cross-ties ,. 790.50 

Metal  cross-ties 762. 60 

Metal  longitudinals 93. 00 

The  lines  are  divided  into  two  classes,  according  to  their  traffic  ;  main  lines,  gen- 
erally with  double  track,  with  a  maximum  grade  (exceptionally)  of  1  in  75,  or  1.33 
per  cent.,  and  a  minimum  curvature  of  984  feet  radius;  local  or  branch  lines,  with 
single  track,  a  maximum  grade  of  1  in  40,  or  2.5  per  cent.,  and  a  minimum  curvature 
of  59U.40  feet  radius. 

The  first  trial  of  iron  cross-ties  was  made  in  1869  by  the  Berg-and-Mark  Railway. 
In  1874  they  were  used  to  a  larger  extent,  and  in  1877  a  further  introduction  of  them 
was  commenced.  Iron  longitudinals  have  not  been  laid  on  the  lines  of  this  division, 
but  in  1880,  when  all  the  Prussian  railways  were  acquired  by  the  Government,  the 
boundaries  were  extended,  and  so  included  parts  of  some  lines  using  these  longitudi- 
nals. On  main  lines  the  traffic  is  about  one  hundred  and  sixty  trains  per  day  (on 
double  track),  at  speeds  of  46.5  miles  per  hour  for  passenger  trains  and  27.9  miles  per 
hour  for  freight  trains;  the  six-wheel  engines  weigh  about  42  tons,  with  7  tons  on  the 
driving  wheels.  On  branch  lines  the  traffic  is  from  twenty-five  to  thirty  trains  per 
day,  at  a  speed  of  18.60  miles  per  hour  for  passenger  and  freight  trains.  The  six- 
wheel  engines  weigh  about  30  tons,  with  5  tons  on  the  driving-wheels. 

The  ties  are  now  made  of  mild  steel,  and  for  their  manufacture  the  basic  process  of 
Thomas  Gilchrist  has  recently  been  used ;  no  preservative  process  has  been  used ;  the 
ties  are  laid  in  the  condition  they  leave  the  rolls,  and  there  is  very  little  trouble  from 
rust.  They  are  manufactured  by  a  number  of  works,  i^roposals  being  advertised  for 
in  the  usual  way.  The  cost  at  the  mills  in  1888  was  from  $27.50  to  |30  per  ton,  or 
about  $1.50  to  $1.62^  per  tie  for  main  lines  and  $1.32|  to  $1.45  per  tie  for  branch  lines. 
The  gibs  and  cotters,  being  of  wronght-iron,  cost  at  the  same  time  $72.50  per  ton. 
The  cost  of  maintenance  of  the  ties  is  very  small,  as  the  works  furnishing  the  ties  must 
give  a  guaranty  for  two  years,  replacing  every  tie  which  becomes  damaged  during 
this  time.  If  a  tie  has  internal  defects  which  escape  notice  at  the  inspection,  they 
will  show  themselves  within  two  years,  and  it  is  found  that  after  that  any  failure 
of  the  ties  now  used  is  very  rare.  On  the  other  hand,  the  labor  for  the  maintenance 
of  track  on  metal  ties  is  considerable,  and  is  greater  as  the  ballast  is  less  hard  and  less 
porous,    This  is  especially  the  case  daring  the  first  few  years,  until  tho  tragk  has  set- 
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tied  to  .a  firm  bearing.  It  soeins,  therefore,  that  metal  tie* require  the  best  br<^en 
stone  ballast,  and  with  this  material  the  cost  of  maiutenunce  of  track  on  metal  ties  is 
scarcely  greater  than  that  of  track  on  wooden  ties,  especially  as  the  it«m  of  renewals 
(necessary  for  wooden  ties  in  a  few  years)  is  eliminated.  Exact  comparisons  between 
the  cost  of  maintenance  of  track  on  metal  and  wooden  ties  on  this  division  cannot  be 
made,  as  the  expenses  are  not  separated,  and  there  are  wooden  ties  only  on  branch 
lines  and  on  main  lines  with  little  traffic.  All  tracks  having  considerable  traffic 
are  now  laid  with  metal  ties.  There  has  been  no  experience  as  to  the  life  of  metal 
ties.  With  the  present  form  of  tie  there  are  no  breakages  under  ordinary  circum- 
stances, and  there  is  no  weakening  by  rust  discernible,  not  even  with  the  older  ties. 
Wherever  a  renewal  has  been  necessary  it  has  been  on  account  of  the  enlargement  of 
the  holes  in  the  tie  by  wear  or  of  a  crack  between  the  holes.  In  no  case  can  it  be  said 
that  metal  ties  last  longer  than  wooden  ties. 

[In  this  connection,  however,  it  may  be  remarked  that  wooden  ties  in  Europe  have 
a  much  longer  life  than  in  this  country,  from  fifteen  to  twenty  years  or  more,  owing 
to  the  use  of  rail  chairs,  broad  tie-plates,  and  preservative  processes. — E.  E.  R.  T.  ] 

As  remarked  above,  metal  ties  require  ballast  of  the  best  quality.  On  this  division 
broken  stone  of  a  hard  and  durable  character  is  used ;  this  material  costs  from  62^ 
cents  to  $1.12^  per  cubic  yard  according  to  locality,  while  gravel  ballast  for 
wooden  ties  costs  only  25  to  62^  cents  per  cubic  yard.  The  experience  here  is  that 
metal  ties  have  a  tendency  to  grind  the  softer  ballast  to  dust,  which  in  wet  weather 
becomes  mud.  If  the  ballast  consists  of  soft  clayey  gravel,  the  cost  of  maintenance  is 
proportionately  greater.  Without  ballast  metal  ties  could  not  be  used  at  all.  [They 
are,  however,  successfully  used  under  such  conditions  in  Australia.  See  "Queens- 
land."— E.  E.  R.  T.]  On  the  other  hand,  ballast  of  hard  broken  stone  forms  a  solid  hard 
body  in  the  interior  of  the  tie,  which  contributes  considerably  to  the  firm  bedding  of 
the  track.  For  main  lines  there  is  a  bottom  course  of  large  stones  and  the  smaller 
material  is  brought  up  level  with  the  tops  of  the  ties;  it  is  21.97  feet  wide  on  top 
(for  double  track),  with  side  slopes  of  1  to  1^  and  a  depth  of  14  inches  at  the  middle; 
the  subgrade  is  crowned  to  au  inclination  of  1  in  25.  For  local  lines  the  style  of 
construction  is  the  same;  10.5  feet  wide  on  top  with  side  slopes  of  1  to  1,  and  a  thick- 
ness of  6  inches  under  the  tie  at  the  middle.  The  attachments  of  the  rail  do  not  cause 
any  difficulty  ;  on  the  contrary,  the  position  of  the  rails  is  more  securely  maintained 
than  with  woodsn  tie',  and  any  loose  fastenings  can  be  easily  tightened  by  driving 
the  cotters,  while  with  wooden  ties  respiking  would  be  necessary. 

An  impulse  to  the  general  use  of  iron  ties  on  this  division  was  given  by  the  hard 
times  of  the  home  iron  industry  at  the  end  of  the  last  decade;  in  consequence  of 
which  the  prices  were  so  low  that  iron  ties  were  actually  cheaper  than  wooden  ties, 
which  had  to  be  imported,  as  the  home  forests  could  not  supply  a  sufficient  quantity. 
The  use  of  metal  ties  was  also,  partly  from  a  patriotic  motive,  to  help  the  iron  indus- 
try. The  experience  with  these  ties  was  in  general  satisfactory,  and  their  use  was 
therefore  continued.  The  dephosphorizing  of  the  poorer  German  ores  bj'  the  Thomas 
Gilchrist  process  has  also  been  favorable  to  the  use  of  metal  ties  by  reducing  the 
price  for  mild  steel.  Oak  ties  for  main  lines  cost  $1.37^  each,  or  $1.50  if  impregnated 
•with  chloride  of  zinc ;  for  branch  lines  some  impreguated  beech  ties  have  been  used, 
costing  96  cents  each.  The  life  of  wooden  ties  varies  between  five  and  fifteen  years; 
a  life  often  years  is  rare  even  for  oak  ties,  as  on  account  of  the  occasional  respiking 
they  become  weakened,  even  if  still  sound.  The  value  of  old  material  must  be  taken 
into  account,  for  while  old  wooden  ties  are  practically  of  no  value,  old  iron  ties  can  be 
sold  for  $11.25^  to  |12.50  per  ton,  or  about  62^  cents  each.  On  the  whole,  metal  ties 
appear  to  be  as  serviceable  as  wooden  ties ;  a  disadvantage  consists  in  their  less  elas- 
ticity, as  riding  over  them  feels  harder  to  the  passengers ;  but  they  have  the  advantage 
of  a  firm  and  accurate  rail  fastening.  The  climate  is  uniform  and  moist,  having  about 
the  same  effect  upon  wooden  and  metal  ties.  On  the  strength  of  our  experience  we 
can  consider  metal  tics  only  equal  to  the  best  wooden  ties.  It  will  depend  upon  local 
circumstances  whether  their  use  will  be  economical ;  if,  as  in  our  district,  the  first 
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cost  i»  not  mach  higher,  slixA  if  there  is  good  material  for  ballast  available  at  a  low 
price,  then  the  use  of  metal  ties  may  be  considered  advantageous  and  economical  on 
account  of  their  longer  life  and  their  value  as  old  material. 

Prussian  State  Kailways. — Cologne  Division,  right  bank  of  the 
Rhine  {province  of  the  Rhine,  or  Rhenish  Prussia). — Metal  track  of  dif- 
ferent types  has  been  tried  on  this  division  since  1868.  A  longitudinal 
used  was  similar  to  the  "  Vautherin"  type  of  cross-tie ;  it  was  8|^  inches 
wide  on  top,  ll|f  inches  wide  on  the  bottom,  2f  inches  deep,  five-six- 
teenths of  an  inch  thick  on  top ;  the  weight  was  46.36  pounds  per  yard. 
Cross-ties  of  similar  form  were  also  used  ;  they  were  7  feet  4/g  inches 
long,  3|f  inches  wide  on  top,  8|^  inches  wide  at  the  bottom,  2f  inches 
deep,  five-sixteenths  of  an  inch  thick  on  top ;  the  weight  was  77.16 
pounds  per  yard,  or  82.76  pounds  including  the  fastenings.  These  were 
manufactured  by  the  Gutehoff'nung  works  at  Oberhausen.  The  longi- 
tudinals were  closed  at  the  ends  by  angle-pieces  bolted  on ;  the  gauge 
was  maintained  by  means  of  tie-rods  of  round  iron  passing  through  the 
webs  of  the  rails  and  having  a  washer  and  nut  on  each  side  of  each 
rail ;  the  rails  were  fastened  by  clamps  and  bolts.  The  rail  joints  were 
even  and  suspended,  spliced  by  angle  bars  and  channel  bars.  With 
the  cross-ties,  the  rails  of  flange  section  were  secured  by  bolts  and 
clamps  similar  to  the  Euppel  plan  (See  plate  No.  13).  The  ties  were 
bent  up  at  the  ends  to  give  the  rails  an  inward  inclination.  For  a  rail 
length  of  21  feet  8|  inches,  the  ties  were  spaced  21f  inches  apart,  center 
to  center  at  the  joints,  32|  inches  next  to  the  joints,  and  39f  inches  in- 
termediate, giving  eight  ties  to  a  rail  length.  The  rail  joints  were  even 
and  suspended  and  were  spliced  by  angle  bars. 

Cross-ties  of  the  "  Haarmann  "  type  (See  plate  No.  12),  have  been  in 
use  for  some  years  on  the  Cologne  and  Minden  line ;  they  are  7  feet  10^ 
inches  long,  the  middle  part  is  4j^g  inches  wide  on  top  and  1||  inches 
deep,  the  width  over  the  bottom  flanges  is  9^  inches,  and  the  edges  of 
the  flanges  are  turned  down  for  a  depth  of  thirteensixteenths  of  an  inch ; 
the  thickness  of  the  top  is  three-eighths  of  an  inch.  The  ends  of  the  tie  are 
bent  upward,  and  the  extremities  are  closed  by  bending  down  the  top 
table,  instead  of  by  riveted  pieces;  the  rail  fastenings  consist  of  bolts  and 
clamps  on  the  Kuppel  plan.  The  weight  per  tie  is  108  pounds,  or  113.9 
pounds  including  the  fastenings.  For  a  rail  length  of  30  feet  the  ties 
are  spaced  20^  inches  apart,  center  to  center,  at  the  joints,  33|  inches 
next  to  the  joints,  and  39  inches  intermediate.  The  Haarmann  system 
of  longitudinals  has  also  been  used.  The  longitudinals  were  3.92  inches 
wide  at  top  and  bottom  of  the  "  cap,"  2.08  inches  deep ;  the  width  over 
the  flanges  was  12.8  inches,  and  the  total  depth  3  inches  ;  thickness  of 
the  flanges,  sides  and  top  table  was  .24,  .28,  and  .36  inch.  The  weight 
was  47^  pounds  per  yard.  The  track  is  similar  to  that  of  the  Berlin 
Division,  already  described.  The  longitudinals  were  29.52  feet  long, 
laid  with  even  joints,  but  breaking  joint  with  the  rails.  At  each  joint 
was  an  angle  iron  cross-tie,  6.23  feet  long;  at  each  end  of  it  was  a  sad- 
dle to  which  the  ends  of  the  longitudinals  were  fastened. 
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The  followiug  is  Mr.  Bricka's  statement  of  the  track  for  the  end  of 
1884: 

Miles. 

Main  lines 92U.08 

Local  lines - ii:J4. 36 

Total  track 2,241.l« 

Wooden  ties l,7i)>*.\iA 

Metal  longitudinals 124.62 

Metal  ties 347.20 

Stone  blocks,  etc 11. 16 

Iron  cross-ties  of  the  modified  "  Berg-.aud-Mark  "  type  (See  Plate  No. 
12)  are  now  in  use  on  this  division.  They  are  8.2  feet  long  for  heavy 
ballast,  or  8.85  feet  long  for  light  ballast ;  5.2  inches  wide  on  top,  9.44: 
inches  wide  at  the  bottom,  3.2  inches  deep,  with  the  ends  3.G  inches 
deep  J  the  thickness  of  the  sides  is  .28  inch,  and  of  the  top  table  .32 
inch.  The  tie  is  horizontal,  but  at  each  rail  seat  is  a  tie-plate  giving 
the  rail  the  usual  inward  inclination ;  the  outer  end  of  this  plate  has 
an  S-shaped  lug,  the  top  part  holding  the  outer  side  of  the  rail-tiange, 
and  the  lower  part  passing  through  a  slot  in  the  tie  and  bearing  on  the 
underside  of  the  top  table.  The  inner  flange  of  the  rail  is  held  by  a 
bolt  and  clamp  on  the  Ruppel  plan,  the  lug  of  the  clamp  passing  through 
the  bolt-holes  in  the  tie-plate  and  tie.  The  joint  ties  are  spaced  2G.G8 
inches  apart,  center  to  center ;  and  the  intermediate  ties  37  to  37.04 
inches.  The  rails  are  of  flange  section  29.52  feet  long,  5.36  inches  high, 
with  a  flange  4.20  inches  wide;  they  weigh  67.2  pounds  per  yard.  The 
rail-joints  are  spliced  by  deep  angle-plates,  having  a  web  projecting 
below  the  rail,  the  ends  of  this  web  being  cut  to  fit  the  slope  of  the 
side  of  the  tie;  there  are  four  bolts  to  each  joint.  The  track,  with  ties 
8.2  feet  long,  weighs  2,750.09  pounds  per  rail  length,  or  305.58  pounds 
per  yard. 

In  June,  1888,  there  were  altogether  612.75  miles  laid  with  metal 
track,  450.69  miles  with  cross-ties,  153.78  miles  with  longitudinals  not 
having  cross-tie  connections,  and  8.28  miles  with  longitudinals  having 
such  connections.  There  are  also  on  one  of  the  local  lines  7.8  miles  of 
the  Hartwich  system  of  combined  rail  and  longitudinal,  laid  directly 
in  the  ballast. 

Prussian  State  Railways. — Cologne  Division,  leftbanTcof  the  Rhine 
{province  of  the  Rhine,  or  Rhenish  Prussia). — On  this  division  metal  track 
has  been  used  very  extensively,  and  several  dift'erent  forms  of  track 
have  been  tried.  Metal  cross-ties  are  now  exclusively  used  for  renewals 
and  new  work.  The  following  is  Mr.  Bricka's  statement  of  the  track 
for  the  end  of  1884 : 

Miles. 

Main  lines 850.02 

Local  lines 1(>8. 64 

Total  track 2,  IIT.W 

Wooden  ties.... 1,212. 10 

Metal  longitudinals 2r)2.  :M 

Metal  ties 639.84 

Stone  blocks,  etc 13.02 

22893— Bull.  4 9 
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Of  longitudinals  the  "Hilf,"  "Rhenish,"  and  "Haarmann"  types  have 
been  used,  but  no  new  track  of  this  kind  is  now  laid.  Of  cross-ties  the 
Vautherin  type  was  first  used,  then  the  Rhenish,  the  original  Berg-and- 
Mark,  the  modified  form  of  the  "  Berg-and-Mark,"  and  the '' Haarmann" 
tie.  The  modified  form  of  the  Berg-and-Mark  type  was  considered  the 
best.  The  "  Haarmann  "  tie  was  ordered  by  the  minister  of  railways  to 
be  used  on  most  of  the  divisions  of  the  State  railways,  but  it  is  reported 
that  it  has  not  given  as  much  satisfaction  as  some  other  systems,  and 
its  use  is  not  being  extended.  The  ties  of  this  tj'pe  used  on  this  divis- 
ion were  7.8  feet  long,  with  the  middle  part  horizontal,  and  the  ends 
iucliued  upward  1  in  20  for  a  length  of  26  inches.  It  was  4.4  inches  wide 
on  top  and  4.8  at  the  bottom  of  the  "  cap,"  2  inches  deep ;  10  inches  wide 
over  the  flanges  and  2.56  inches  deep  over  all ;  the  thickness  varied 
from  .28  inch  to  .36  inch.  A  piece  of  N-iron  (or  double-angle  iron)  was 
riveted  inside  at  each  end  and  at  the  middle.  The  weight  of  the  tie  was 
110  pounds.  With  cross-ties  of  the  modified  "Berg-and-Mark"  type 
the  Haarmann  system  of  combined  tie-plate  and  fastening  has  been 
used,  as  already  described  for  the  Right  Bank  of  the  Rhine  Railway. 

A  special  return  from  this  division  was  furnished  in  1888  for  the  pur- 
pose of  this  report,  as  follows : 

Of  the  1,681.81  miles  of  line,  943.96  miles  were  laid  with  metal  cross-ties  aad  241.45 
miles  with  metal  longitudiuals,  the  remainder  being  still  on  wooden  cross-ties.  The 
track  on  longitudinals  included  43.44  miles  of  the  Rhenish  type,  1.86  miles  of  the 
Haarmann  type,  and  200.57  miles  of  the  Hilf  type,  a  total  of  245.87  miles,  of  which 
about  5  miles  of  the  first  two  types  were  for  exx)eriment.  The  first  longitudinals  were 
laid  in  1872  and  the  first  cross-ties  in  1876. 

The  division  has  SOjier  cent,  of  its  length  horizontal  and  70  per  cent,  on  grades; 
the  steepest  grade  is  1  in  37,  or  2.7  per  cent.  In  alignment  there  are  65  per  cent,  of 
tangents  and  35  per  cent,  of  curves;  the  sharpest  curve  has  a  radius  of  590.40  feet. 
The  traffic  consists  of  passenger  and  freight  trains,  some  of  the  former  being  express 
trains.  The  standard  four-coupled  passenger  eugines  weigh  37  tons,  having  24.4  tons 
on  the  two  driving  axles  and  12.6  tons  on  the  leading  axle  or  truck ;  the  tender  weighs 
27.5  tons.  The  standard  six-coupled  freight  engines  weigh  38.5  tons,  and  their 
tenders  27.5  tons.  The  standard  six-coupled  tank  engines  for  branch  or  local  lines 
weigh  29.2  tons. 

The  ties  are  of  mild  low-carbon  steel,  and  are  not  painted  or  otherwise  treated. 
They  are  manufactured  by  the  Aachen  Mills;  the  Phoenix  Company,  of  Laar;  the 
Union  Company,  of  Dortmund ;  the  Rheuish  Steel  Works,  of  Ruhrort;  and  the  Good- 
Hope  Works,  of  Oberhausen.  The  cost,  delivered,  is  about  $31.25  per  tou.  In  regard 
to  maintenance,  every  mile  of  track  on  metal  longitudinals  requires  about  372.58 
days'  labor  of  one  man  per  annum  (231  days  per  kilometer),  and  every  mile  of  track 
on  metal  cross-ties  requires  about  267.74  days'  labor  of  one  man  per  annum  (166  days' 
labor  per  kilometer).  The  adjustment  or  widening  of  gauge  at  curves  is  effected  by 
means  of  different  sizes  of  rail  clamps  without  varying  the  holes  in  the  ties.  The 
observations  as  to  durability  are  not  yet  concluded.  The  ballast  consists  principally 
of  river  gravel,  but  broken  stone  is  used  in  some  places.  It  is  satisfactory  for  cross- 
ties,  but  with  longitudinals  care  must  bo  taken  to  provide  proper  drainage.  The  prin- 
cipal reason  for  adopting  metal  ties  was  their  advantage  in  maintaining  the  width  of 
gauge  accurately,  and  the  convenience  of  track  laying  and  tamping  was  also  con- 
sidered. In  localities  poor  in  wood  the  cheaper  cost  and  at  least  the  same,  but  prob- 
ably longer,  life  than  that  of  impregnated  wooden  ties  must  be  taken  into  account. 
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The  general  results  have  been  very  satisfactory.  There  has  been  no  trouble  with 
luaiuteuauce,  or  with  the  rail  attachments,  which  are  iiiuch  more  secure  than  the 
ordinary  spikes  iu  wooden  ties.  No  trouble  has  been  experienced  from  breakages. 
With  metal  track  the  ties  are  more  dnrable,  so  .that  the  track  is  more  economical ; 
aud  the  fastenings  are  more  efiQcient,  so  that  the  track  is  safer  than  track  on  wooden 
ties. 

Impregnated  oak  ties  cost,  exclusive  of  the  value  of  old  material,  about  $1.75  each, 
or  about  $3,104.84  per  mile.  They  have  an  average  life  of  about  tweuty  years.  The 
simplest  testimony  as  to  the  opinion  of  the  advantages  of  metal  aud  wooden  ties  is 
that  since  1879  no  wooden  ties  have  been  purchased,  iron  ties  having  been  used 
exclusively. 

The  drawings  accompanyiug  this  communication  show  cross-ties  of 
the  "Haarniauu"  and  the  modified  "Berg-and-Mark"  types.  The  latter 
are  9.36  inches  wide  on  the  bottom,  3  inches  deep  over  all,  with  the 
sides  and  top  .28  and  .36-inch  thick  respectively;  the  weight  is  110 
pounds.  The  former  are  4.4  inches  wide  on  top  and  4.24  inches  wide 
inside  at  the  bottom  of  the  "  cap,"  10  inches  wide  over  the  flanges;  the 
middle  part,  or  "  cap,"  is  1.64  inches  deep,  and  the  flanges  are  turned 
down  .80  inch,  making  the  total  depth  over  all  2.56  inches ;  the  flanges 
are  .24  inch  thick,  the  sides  .28  inch,  aud  the  top  table  .36  inch ;  the 
weight  is  110  pounds.  Both  these  forms  of  ties  are  7.87  feet  long,  hori- 
zontal at  the  middle  for  a  length  of  3.6  feet,  and  then  inclined  upwards 
to  the  ends  at  an  inclination  of  1  in  20.  No  tie-plates  are  shown,  the 
rails  resting  directly  on  the  ties  and  being  secured  by  bolted  clamps 
on  the  Ruppel  system.  The  rails  are  5.36  inches  high  and  4.20  inches 
wide  over  the  flange;  the  rail  joints  are  even  and  suspended,  and*  are 
spliced  by  deep  angle  bars,  projecting  below  the  rail,  with  four  bolts. 
For  a  rail  length  of  29.52  feet  the  ties  are  spaced  26.68  inches  apart, 
center  to  center,  at  the  joints,  33.76  inches  next  to  the  joints,  and  the 
intermediate  ties  38  inches. 

Cross-ties  of  the  "  Hoerde"  or  "  Post"  type  have  also  been  used. 

The  system  of  rail  attachment  designed  by  Mr.  Kuppel,  of  this  divis- 
ion, is  in  extensive  use  and  has  given  general  satisfaction.  (See  Plate 
No.  13.)  The  rail  is  held  by  a  clamp  of  such  form  that  while  the  inner 
side  bears  on  the  rail  flange  the  outer  side  bears  on  the  top  of  the  tie; 
on  the  under  side  of  the  outer  edge  is  a  lug  or  projection  which  fits  into 
the  bolt  hole  in  the  tie.  The  bolt  passes  up  through  the  tie  and  clamp, 
and  the  nut  is  secured  down  on  the  latter ;  the  head  of  the  bolt  is  of  i- 
shape,  so  that  the  bolt  can  be  put  in  or  taken  out  without  disturbing 
the  ballast  or  the  tie.  The  adjustment  of  the  gauge  at  curves,  etc.,  is 
eflected  by  using  clamps  with  lugs  of  different  widths  fitting  into  the 
bolt  holes. 

Prussian  State  Railways. — Frankforton-Main  division  (province 
of  Nassau). — Metal  longitudinals  of  the  "Hilf"  tji)e  were  used  in 
1868  on  the  Nassau  State  Railway,  now  a  part  of  this  division  of  the 
Prussian  State  Railways.  The  following  is  a  brief  notice  of  the  several 
different  systems  of  metal  track  which  have  since  been  tried : 

Cross-ties :  (1)  Ties  of  the  original  "  Vautherin  "  type,  with  gib  and 
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cotter  fastenings,  open  ends,  and  a  piece  of  T-iron  riveted  across  the 
bottom  of  the  tie  under  each  rail ;  (2)  ties  of  similar  section,  but  with 
bolted  clamp  fastenings  and  having  the  ends  closed  by  riveted  angle 
pieces  (as  on  the  left  bank  of  the  Rhine  Eailway ;  (3)  ties  of  the  "  Berg- 
and-Mark  "  type,  with  bolted  clamp  fastenings  and  with  an  angle  iron 
riveted  inside  the  tie  under  each  rail ;  (4)  similar  tie  and  fastenings, 
but  with  the  ends  closed;  (5)  ties  of  the  original  "Vautherin"  type, 
with  bolted  clamp  fastenings  and  with  the  top  table  bent  down  at  the 
ends;  (G)  ties  of  Haarmaun  section,  with  bolted  clamp  fastenings  and 
closed  ends,  1881 ;  (7)  modified  form  of  "  Haarmann  "  tie,  with  the  upper 
part  wider  and  flanges  narrow  ;  bolted  clamp  fastenings,  ends  closed 
by  riveted  angle  pieces,  1885 ;  (8)  similar  to  No.  7,  but  with  the  top 
table  inclined  at  the  rail  seats. 

This  is  the  form  of  metal  cross-tie  adopted  in  1887,  as  noted  further 
on  :  Longitudinals,  (la)  "Hilf"  type,  two  forms  of  sections,  one  with 
middle  rib,  the  other  without  the  middle  rib  and  resembling  the  original 
"  Berg-and-Mark  "  cross-tie;  the  joints  of  rails  and  longitudinals  coin- 
cided and  round  tie  rods  maintained  the  gauge;  (lb)  longitudinals 
with  middle  rib;  they  were  not  brought  close  to  the  rail  joints,  but  a 
cross-tie  of  similar  section  was  placed  on  each  side  of  the  joint;  (Ic) 
longitudinals  and  rails  laid  to  break  joint,  with  a  cross-tie  of  similar 
section  under  the  rail  joints;  (1<Z)  similar  track,  but  With  the  cross- ties 
placed  back  from  the  rail  joints;  (le)  joints  of  longitudinals  and  rails 
coincided ;  a  cross-tie  or  similar  section  was  placed  under  the  joints  and 
had  a  saddle  support  for  the  longitudinals;  (1/)  similar  to  ^o.  le,  but 
with  the  addition  of  a  T-iron  cross-tie  at  the  middle  of  the  rails.  This 
is  the  form  of  metal  longitudinal  track  adopted  in  1888,  as  njtr-l  further 
on.  (2)  Longitudinals  of  Hilf  section,  with  joints  coinciding  with  rail 
joints,  and  an  angle  iron  cross-tie  fastened  to  the  rails  at  the  joints ; 
(3a)  similar  longitudinals,  with  T-iron  cross-ties  under  the  joints  and 
a  saddle  for  the  longitudinal ;  (36)  similar  to  No.  3a,  but  with  a  differ- 
ent seat  for  the  longitudinals  and  with  cross-ties  of  the  Lasard  section 
(T)  under  the  joints;  (3c)  similar  to  No.  36,  but  with  a  T-iion  cross-tie 
ou  each  side  of  the  joints  ;  (4)  similar  in  general  to  No.  3c.  The  follow- 
ing is  Mr.  Bricka's  statement  of  the  track  for  the  end  of  1884: 

MUea. 

Main  lines 639.84 

Local  lines - •.   37.20 

Total  track 1,468.78 

Wooden  ties 790.  JiO 

Metal  longitudinals 634.88 

Metal  ties 37.82 

Stone  blocks,  etc 5.58 

Metal  cross -ties  and  longitudinals  are  now  in  use  for  main  lines.  The 
former  are  of  the  "Haarmann  type"  (See  Plate  No.  12)  8.2  to  8.86  feet 
long,  6.4  inches  wide  on  top,  7.2  inches  wide  at  the  bottom  of  the  cap, 
B.2  inches  wide  over  all ;  the  depth  is  from  2.8  inches  at  the  ends  and 
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middle  to  3.4  inches  at  the  inclined  rail-seat ;  the  weight  is  112.4  pounds 
per  tie  for  the  shorter,  and  127.93  pounds  for  the  longer,  ties.  There  are 
ten  ties  to  a  rail  length  ;  the  joint  ties  are  spaced  28  inches,  center  to 
center;  the  next  ones  33.12  inches,  and  the  intermediate  ties  37.96 
inches.  The  rails  are  of  rtange  section  and  the  joints  are  spliced  by 
deep  angle-bars.  The  fastening  for  the  rails  consists  of  a  bolt  with  a 
gauge- washer  against  which  the  rail  flange  abuts,  and  a  channel-shaped 
clamp  fitting  over  the  washer  and  bearing  on  the  tie  and  rail-flange. 
It  is  somewhat  similar  to  the  fastening  used  on  the  Baden  State  rail- 
ways (See  plate  No.  13),  but  with  the  exception  that  the  gauge-washer 
fits  into  the  bolt-hole  in  the  tie,  having  an  eccentric  head  which  rests 
on  the  top  of  the  tie.  This  system  of  fastening  appears  to  combine  the 
advantages  of  the  Ruppel  and  Baden  systems ;  the  gauge-washer  by 
fitting  into  the  bolt-hole  adding  greatly  to  the  solidity  of  the  fastening 
and  reducing  the  strain  on  the  bolt.  The  weight  of  this  track  is  2,815.30 
pounds  per  rail  length  or  286  pounds  per  yard. 

The  longitudinals  now  used  are  of  the  Hilf  type  (See  plate  No.  12). 
They  are  29.38  feet  long,  7.2  inches  wide  on  top,  12  inches  wide  at  the 
bbttom,  2.6  inches  deep,  with  the  top  table  .52-iach  thick.  The  weight 
is  674.75  pounds,  or  69  pounds  per  yard.  The  rails  are  of  flange  section, 
and  the  fastenings  consist  of  bolted  clamps  of  channel  shape  (>"">)  which 
bear  on  the  longitudinal  and  the  rail  flange.  Under  the  rail-joint  is  a 
cross-tie  of  the  same  section  as  the  longitudinal ;  it  is  8.53  feet  long,  and 
weighs  196  pounds.  The  cross-tie  is  under  the  longitudinals,  which  are 
fastened  to  it  by  large  angle  clamps  ( — i),  with  bolts  passing  through 
tlie  cross-tie  and  the  horizontal  part  of  the  clamp.  Two  channels  are 
riveted  across  each  end  of  the  cross-tie  and  support  the  top  table  of  the 
longitudinal  from  the  inside.  At  the  middle  of  the  rail  length  is  a 
T-iron  cross-tie,  8.2  feet  long,  5.6  inches  wide,  6  inches  deep,  and  weigh- 
ing 154  pounds  or  66.34  pounds  per  yard.  On  curves  of  less  than  1,640 
feet  radius  two  of  these  cross-ties  are  used.  The  weight  of  this  track 
is  3,040.75  pounds  per  rail  length  of  29.52  feet,  or  337.85  pounds  per 
yard. 

In  September,  1889,  the  officers  of  this  division  stated  that  the  Hilf 

system  of  longitudinals  will  in  future  be  used  only  to  a  small  extent 

on  a  certain  part  possessing  excellent  material  for  ballast,  which  lets 

the  water  drain  off"  quickly.    Iron  cross-ties  are  used  on  parts  where 

stone  ballast  is  readily  obtainable.     Where  the  road  bed  is  in  clayey 

or  loamyl  sand  wooden  ties  are  used  exclusively  on  new  branch  and 

local  lines.     For  the  renewals  on  all  lines  during  1889  about  an  equal 

number  of  iron  and  wooden  ties  were  used. 

^  Prttssian    State  Railways. — Erfurt  division  {province  of  Thu- 

M      ringia). — Various  systems  of  metal  track  have  been  tried  on  this  line, 

K     both  with  longitudinals  and  cross-ties,  but  the  latter  have  now  been 

^L  definitely  adopted.    In  October,  1889,  the  officials  of  this  division  for- 

^B  warded  a  detailed  statement  in  regard  to  their  experience  with  metal 
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Metal  ties  were  first  laid  in  1879,  and  tlicro  are  now  251.10  miles  of  track  on  seven 
sections  of  the  line.  The  grades  are  from  0  to  1  per  cent.,  and  the  curves  down  to 
984  feet  radins.  The  traffic  consists  of  passenger  and  freight  trains,  the  express  pas- 
senger trainsrunuing  at  43  J  miles  per  hour.  The  heaviest  six-coupled  freight-engines 
weigh  40  tons  in  working  order. 

The  ties  are  manufactured  by  the  Hosch  Iron  and  Steel  Works,  of  Dortmund ;  the 
Mine  and  Mill  Company,  of  Horde,  and  the  Queen  Marie  Works,  of  Cainsdorf,  Sax- 
ony. The  cost  is  $3.3.75  per  ton  at  the  works.  No  preservative  treatment  is  em- 
ployed, the  ties  being  laid  in  the  state  in  which  they  come  from  the  rolls.  It  is 
estimated  that  the  metal  track  will  last  thirty  years,  while  wooden  ties  must  be  re- 
newed every  twelve  or  fifteen  yejirs.  The  reasons  for  the  adoption  of  metal  ties  were 
as  follows:  (a)  the  maintenance  is  cheaper  than  that  of  track  on  wooden  ties;  (6) 
the  price  is  cheaper,  taking  into  consideration  the  durability  of  thirty  years,  than 
that  of  wooden  ties;  (c)  the  encouragement  of  the  iron  industry.  The  general  re- 
sults have  been  satisfactory,  and  there  has  been  no  trouble  with  maintenance,  with 
the  rail  attachmnts,  or  from  breakages.  The  wooden  ties  are  of  pine  or  oak;  im- 
pregnated pine  ties  cost  87.5  cents  per  tie  and  last  abont  ten  to  twelve  years ;  oak 
ties  cost  $1.37|  each  and  are  estimated  to  last  fifteen  to  eighteen  years. 

Arrangements  have  been  made  for  giving  np  entirely  the  use  of  the  Hilf  longi- 
tudinal system  after  a  lapse  of  not  more  than  five  years.  At  the  same  time  that  the 
longitudinals  were  first  laid,  in  1879,  the  laying  of  metal  cross-ties  was  also  com- 
menced, and  there  are  at  present  251.10  miles  of  main  track  laid  with  them,  equal 
to  17  per  cent,  of  the  total  length  of  track  of  this  division.  In  selecting  the  sections 
of  the  line  to  be  laid  with  these  ties,  the  quality  of  the  ballast  was  taken  into  con- 
sideration, to  provide  proper  drainage.  The  form  of  the  tie  now  used  has  been 
arrived  at  by  the  development  of  the  original  form  according  to  the  experience  ob- 
tained. The  earlier  ties  were  of  the  "  Haarmann,"  "  Hilf,"  and  the  original  "  Berg- 
aud-Mark  "  types. 

The  "Haarmann"  ties  were  7.87  feet  long,  and  weighed  113.65  pounds 
each ;  they  were  4.4  inches  wide  on  top,  4  inches  wide  inside  at  the 
bottom  of  the  "  cap,"  and  10  inches  wide  over  the  flanges;  the  sides  of 
the  flanges  were  bent  down  .8  inch,  making  the  depth  over  all,  2.56 
inches.  The  vertical  parts  of  the  flanges  were  .20  Inch  thick  ;  flanges, 
.24  to  .28  inch ;  sides,  .28  inch,  and  top  table,  .36  inch  thick.    The  ends 

were  closed  by  riveted  pieces  of  double-angle  section  (| '),  the  upper 

web  fitting  inside  the  "  cap  "  of  the  tie,  the  flange  riveted  under  the 
flanges  of  the  tie,  and  the  lower  web  projecting  below  the  end  of  the 
body  of  the  tie ;  the  total  depth  at  the  ends  was  3.40  inches.  The  tie 
was  horizontal  at  the  middle,  and  inclined  upward  1  in  20  to  the  ends ; 
as  this  was  found  to  render  the  track  unstable,  the  tie  was  after- 
ward made  horizontal,  with  the  rail-seat  inclined  1  in  20  by  the  Hosch- 
Lichthammer  system.  (See  "  Holland.")  The  fastenings  were  of  the 
Ruppel  type,  already  described. 

The  Hilf  ties  were  7.87  feet  long,  and  weighed  114.4  pounds  each  ; 
they  were  4.8  inches  wide  on  top,  8.8  inches  wide  at  the  bottom,  2.4 
inches  deep,  with  the  sides  vertical  for  1.2  inches  from  the  bottom  ;  the 
sides  were  .32  inch  and  the  top  table  .40  inch  thick ;  the  top  table  was 
bent  down  at  the  ends  to  a  depth  of  4  inches,  and  the  sides  were  bent 
round  outside  at  the  end.  The  ties  were  of  similar  shape,  longitudi- 
nally to  the  Haarmann  ties,  and  the  same  fastenings  were  used. 
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The  "  Berg-and-Mark  "  ties  were  7.54  feet  long,  5.2  inches  wide  on  top, 
9.2  inches  wide  at  the  bottom,  2.4  inches  deep,  with  the  sides  vertical 
for  1  inch  from  the  bottom  ;  the  sides  were  .28  inch  thick,  and  the  top 
table  .36  inch ;  with  a  rib  1.44  inches  wide  on  the  nnderside,  making  the 
thickness  .52  inch.  The  weight  was  97.90  pounds  per  tie.  The  tie  was 
^horizontal  at  the  miTldle  and  then  bent  up  at  an  inclination  of  1  in  20  to 
the  ends,  which  were  closed  by  bending  down  the  top  table.  Gib  and 
cotter  fastenings  were  used. 

The  ties  now  adopted  are  a  modification  of  the  Haarmann  type,  hav- 
ing the  "  cap  "  wide  and  the  flanges  narrow.  They  are  8.85  feet  long,  and 
weigh  about  126.50  pounds  each ;  the  ends  are  flared  out  and  are  closed 
by  bending  down  the  top  table ;  they  are  horizontal  throughout.  They 
are  6.4  inches  wide  on  top,  7.2  inches  wide  inside  at  the  bottom  of  the 
cap,  9.2  inches  wide  over  the  flanges,  and  about  11.2  inches  wide  over 
all  at  the  ends ;  the  depth  of  the  cap  is  1.84  inches,  and  2.8  inches  over 
all ;  the  depth  at  the  ends  is  4.8  inches.  The  sidesare  .28  inch  thick, 
and  the  top  table  .32  inch.  The  fastenings  are  of  the  Haarmann  type 
already  described,  the  rail  resting  on  a  tie  plate  with  a  hooked  Ing  at 
the  outer  end,  and  a  bolted  clamp  on  the  inner  end.  The  plate  is  6 
inches  long  and  7.08  inches  wide  over  all ;  and  from  .26  inch  to  .5  inch 
thick.  There  are  ten  ties  to  a  rail  length  of  29.52  feet;  the  joint  ties 
spaced  26.68  inches  center  to  center,  and  the  intermediate  ties  about  37 
inches.  The  weight  of  the  track  is  2,854  pounds  per  rail  length,  or  290.1 
pounds  per  yard. 

In  renewals  on  existing  lines  on  this  division  about  50  per  cent,  of  the 
ties  used  are  of  iron  and  the  balance  of  wood.  On  new  lines,  however, 
preference  is  given  to  wooden  ties  on  account  of  their  less  cost.  The 
wooden  ties  used  are  generally  of  pine,  imported  from  foreign  countries, 
as  the  forests  of  this  country  can  not  supply  the  great  demand. 

Prussian  State  Eailways. — Altona  Division  {Province  of  ScJilesicig- 
Holstein.) — Trials  of  metal  track  have  been  made  on  a  small  scale,  and 
some  of  the  Hoerde  or  Post  steel  cross-ties  have  been  tried.  The  fol- 
lowing is  the  substance  of  a  statement  made  by  the  officers  of  this  di- 
vision in  August  1889 : 

On  this  division  metal  track  has  been  tried  only  to  a  limited  extent ;  bat  even  on 
the  short  stretches  of  road  where  iron  ties  were  used  they  have  been  replaced  by 
wooden  ties,  because  the  ballast  and  road-bed  of  this  division  have  proved  to  be  un- 
suitable for  iron  ties. 

This  official  statement  suggests  two  comments:  First,  it  has  been 
reported  from  time  to  time  in  the  technical  and  other  papers  that  metal 
ties  have  not  been  a  success  in  Germany  and  have  been  abandoned. 
This  has  been  through  ignorance  in  taking  the  experience  on  one  di- 
vision as  representing  that  on  the  entire  railway  system.  The  other 
official  statements  which  are  given  in  this  report  show  that  on  the 
whole  the  metal  ties  are  giving  good  results  and  are  being  extensively 
adopted,  after  years  of  experience  and  experiment.    Second,  the  state- 
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meut  shows  very  clearly  that  the  metal  ties  will  not  of  themselves  nec- 
essarily make  a  good  track,  since  their  abandonment  on  this  division 
is  due  primarily  not  to  any  defect  in  the  ties  (the  type  used  is  not 
stated),  but  to  the  material  of  the  ballast  and  the  road-bed. 

Prussian  State  Railways. — Hanover  Division  {Province  of  Han- 
over).— Longitudinals  of  the  "  Hilf "  type  were  first  used  in  1876  and 
"  Haarmann  "  longitudinals  in  1880.  At  the  end  of  1884  there  were 
340.38  miles  of  track  on  longitudinals,  of  wliich  154.38  miles  were  on 
the  Hilf  system.  Tbe  track  is  similar  to  that  of  the  Berlin  division, 
already  described.  In  1888  there  were  222.3  miles  of  the  Haarmann 
and  142.84  miles  of  the  Hilf  type.  Metal  cross-ties  were  first  used  in 
1878,  and  their  use  has  been  continued.  The  "  Vautherin,"  "  Rhenish," 
and  "  Haarmann  "  types  of  ties  have  been  tried.  The  latter  are  similar 
to  those  on  the  Erfurt  division,  with  the  rail  seat  formed  on  the  Hosch- 
Lichthammer  plan.  The  Haarmann  fastenings,  with  the  hooked  tie- 
plate,  and  the  Ruppel  fastenings,  with  bolted  clamps,  are  both  used. 

The  following  is  Mr.  Bricka's  statement  of  the  track  for  the  end  of 
1884: 

Main  lines 1, 124.68 

Local  lines 101.06 

Total  track 2,570.52 

Wooden  ties 2,117.92 

Metal  longitudinals 340.38 

Metal  ties 107.26 

Stone  blocks,  etc 4.96 

Prussian  State  Railways. — Magdeburg  Division  [Province  of  Hax- 
ony). — In  1879  trials  were  made  with  cross-ties  of  the  same  section  as 
the  Hilf  longitudinal.  Then  the  "  Berg-and-Mark  "  tie  of  the  Elberfeld 
division  was  tried,  and  later  the  Haarmaann  tie.  Tbe  latter  weighed 
112.2  pounds,  were  bent  up  at  the  ends  to  give  the  inclination  to  the 
rails,  and  had  the  Ruppel  system  of  fastenings.  The  "  Hoerde "  or 
"Post"  tie  has  been  tried  within  recent  years. 

The  following  is  Mr.  Bricka's  statement  of  the  track  for  the  end  of 
1884: 

/  MUet. 

Main  lines 8.J8. 08 

Local  lines 73. 16 

Total  track 1,920.76 

Wooden  ties 1,780.64 

Metal  longitndinals 13.  02 

Metal  ties 126.48 

Stone  blocks,  etc .62 

Prussian  State  Railways. — Breslau  Division  {Province  of  Sile- 
sia).— On  this  division,  cross-ties  of  tbe  modified  Berg-and-Mark  sys- 
tem have  been  tried.  They  are  8.2  feet  long,  4.4  inches  wide  on  top, 
7.76  inches  wide  inside  at  the  bottom,  9.12  inches  wide  over  all  at  the 
bottom,  3  inches  deep  ;  thickness  of  sides,  .32-inch,  and  of  the  top  table 
.36  inch.    The  weight  is  120  pounds  per  tie.    The  ends  are  inclined  up- 


137 

ward  1  in  20.  The  rail  fastenings  consist  of  clamps  and  bolts  on  the 
Ruppel  plan.  The  joint  ties  are  spaced  26.08  inches,  center  to  center, 
and  the  intermediate  ties  about  37  inches.  The  weight  of  the  track  is 
2,704.77  pounds  per  rail  length,  or  274.86  pounds  per  yard. 

In  November,  1888,  a  contract  for  599  tons  of  metal  ties  was  awarded 
to  the  Laurahutte  Works  at  $31.25  per  ton  at  the  works. 

Prussian  State  Railways — Bromberg  Division  {Province  of  Fast 
Prussia). — Metal  cross-ties  and  longitudinals  are  in  use  on  this  division. 
Of  the  latter  there  were,  in  1888,  116.12  miles  of  the  Hilf  system  with 
heavy  cross-tie  connections;  43.64  miles  of  the  Hilf  system  without 
these  connections,  and  the  ends  of  the  longitudinals  resting  on  a 
saddle  plate,  and  32.17  miles  of  the  Haarmann  system. 

Bavarian  State  Railways. — Different  systems  of  metal  tra<;k  have 
been  tried  on  these  lines,  partly  to  reduce  the  expenses  for  maintenance 
and  renewals,  and  partly  in  the  interest  of  the  iron  industry  of  the 
State.  The  Hartwich  system  of  track  has  been  tried  (see  plate  No. 
12);  also  the  Hilf  and  Rhenish  systems  of  longitudinals.  The  types  of 
cross-ties  tried  include  the  "  Vautherin"  (weighing  77  pounds  per  tie) ; 
the  Haarmann  (102.3  pounds;)  the  "  Berg-and-Mark,"  with  rail  seat  in- 
clined on  the  Hosch-Lichthammer  plan  (114.4  pounds);  and  the 
"  Heindl  "  (138.6  pounds).  The  engineers  have  recognized  the  superi- 
ority of  cross-ties  over  longitudinals  for  main  lines,  but  the  latter  are 
still  used  to  some  extent  on  secondary  lines.  In  June,  1888,  contracts 
were  let  for  11,100  tons  of  metal  ties  at  about  $29.10  per  ton. 

Mr.  Bricka,  in  his  report,  gives  the  following  statement  of  the  track 
for  the  end  of  1884: 

Milea. 

Mainlines 2,401.26 

Local  lines 327.98 

Total  track 3,727.44 

Wooden  ties 3,232.06 

Metal  longitudinals '. 275.90 

Metal  ties 10.54 

Stone  blocks,  etc 208.94 

The  following  different  forms  of  tracks  are  in  use  on  these  railways  : 

(1)  Main  lines,  (a)  steel  rails  on  iron  ties  of  the  Heindl  system ;  (6) 
steel  or  steel-headed  rails  on  wooden  ties. 

(2)  Branch  lines,  (a)  steel  rails  on  iron  ties  of  the  Heindl  system ; 
(&)  steel  rails  on  wooden  ties. 

(3)  Local  lines  of  standard  gauge,  (a)  steel  rails  on  iron  longitudi- 
nals of  the  "Rhenish"  type;  (6)  steel  rails  on  Iron  cross-ties  of  the 
Heindl  system,  but  lighter  than  the  ties  for  main  lines ;  (c)  steel  rails 
with  longitudinals  or  cross-ties,  Hartwich  system. 

(4)  Local  lines  of  meter  gauge,  iron  rails  on  iron  ties  of  the  Heindl 
system. 
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Tlie  Heindl  system  of  track  with  cross-ties  has  now  been  adopted  as 
the  standard  system  of  metal  track  for  main  lines,  and  it  has  also  been 
applied  (in  a  lighter  form)  for  secondary  lines.  Up  to  the  end  of  1887 
this  track  had  been  laid  as  follows : 

Milea. 

1883 17 

1885 19.10 

1887 35.34 

1887 31 

Total 85.  CI 

The  Heindl  system  of  track  for  main  lines  is  described  in  full  further 
on.  Two  lighter  forms  of  this  track  have  been  designed  for  secondary 
lines  of  standard  and  meter  gauge:  (36)  8.2  feet  long,  7.2  inches  wide 
at  the  bottom,  2.4  inches  deep,  with  ends  3  inches  deep,  top  table  .36 
inch  thick  ;  weight,  86.83  pounds ;  no  tie  plates  are  used,  the  ends  of 
the  tie  being  bent  up  at  an  inclination  of  .1  in  20 ;  bolted  clamp  fasten- 
ings on  the  Ruppel  plan  are  used;  (4)  5.57  feet  long,  6  inches  wide  at 
the  bottom,  1.72  inches  deep,  with  ends  2.40  inches  deep,  top  table  .32 
inch  thick ;  weight  of  tie,  43  pounds ;  the  rails  are  fastened  by  bolts 
and  clamps  on  the  Roth-and-Schuler  plan  (see  "Baden  State  Rail- 
ways"). The  longitudinals  of  the  Rhenish  type  are  similar  to  those  on 
the  Alsace-Lorraine  Railways;  they  are  8.8  inches  wide  on  top,  12 
inches  wide  at  the  bottom,  2.4  inches  deep;  at  the  joints  were  cross- ties 
of  T-section,  7.5  feet  long,  to  which  the  longitudinals  were  secured  by 
bolted  clanips  holding  the  flanges  (See  plate  No.  12) ;  the  outer  flange 
rested  on  packing  pieces  so  as  to  give  the  rail  the  inward  inclination  of 
1  in  20 ;  round  tie-rods  1.02  inches  diameter  were  used,  spaced  one  to 
each  rail  length ;  they  passed  through  the  webs  of  the  rails.  A  lighter 
form  of  this  longitudinal  was  29.42  feet- long,  6  inches  wide  on  top,  8.4 
inches  wide  inside  at  the  bottom,  and  9.2  inches  wide  over  all  at  the 
bottom;  2.4  inches  deep;  sides  .24  inch  thick,  and  top  table  .32  inch; 
weight,  35.21  pounds  per  yard.  The  top  table  had  a  small  rib  along 
each  edge,  forming  a  channel  for  the  rail  flange.  The  rails  were 
fastened  by  bolted  claftips  similar  to  those  used  on  the  Hesse-Louis 
Railway,  but  the  bolts  had  not  eccentric  necks.  The  Hartwich  sys- 
tem of  combined  rail  and  longitudinal  has  been  tried  on  a  length 
of  6.2  miles.  The  rails  were  24.6  feet  long,  6  inches  high,  with  a 
head  1.8  inches  wide  and  a  flange  4.8  inches  wide;  the  weight  was 
58.35  pounds  per  yard.  They  were  connected  by  tie-bars  1.8  inches  by 
.36  inch,  turned  and  screwed  at  the  ends,  passing  through  the  webs  of 
the  rails  and  secured  by  a  nut  on  each  side  of  the  web.  The  weight  of 
the  track  was  about  136  pounds  per  yard.  At  joints  the  rails  rest  on 
grooved  bed  plates,  to  which  they  are  fastened  by  bolted  clamps  simi- 
lar to  those  of  the  Hesse- Louis  Railway',  bat  without  eccentric  necks  on 
the  bolts. 
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The  following  is  from  official  statements  and  drawings  furnished  in 
April,  1889,  for  the  purpose  of  this  report : 

The  mauagement  of  the  Bavariau  Goverument  railways  has  made  experiments  for 
a  number  of  years  with  different  systems  of  metal  track,  both  with  iron  longitudinals 
and  iron  cross-ties.  Based  upon  the  experience  obtained  by  these  trials  a  track  with 
iron  cross-ties,  on  the  Heindl  system,  has  been  used  siuce  1885,  in  combination  with 
wooden  ties,  for  all  new  construction  and  in  the  reconstrnction  of  main  lines.  This 
track  includes  a  method  of  fastening  the  rails  patented  by  Mr.  Franz  Heindl,  chief 
inspector  of  the  Austrian  state  railways  (see  "Austria").  These  Bavarian  lines  are 
of  standard  gauge,  4  feet  8^  inches. 

Of  the  total  length  of  the  railways,  comprising  4,063  miles,  there  were  in  1889  the 
following  systems  of  track : 

Miles. 

Wooden  tieo ..../. 3,312 

Wooden  longitudinals  on  bridges 3 

Iron  longitudinals 399 

Iron  ties,  of  different  systems -. 33 

Iron  ties,  Heindl  system 107 

Hartwich  system  and  stone  blocks ~ 209 

Total 4,063 

The  following  particulars  refer  to  the  Heindl  system.  The  ties  have  been  laid  be- 
tween 1885  and  1889 ;  the  maximum  grade  upon  which  they  are  placed  is  2^  per  cent., 
and  the  minimum  radius  of  curves  984  feet.  The  traffic  consists  of  express  and  ordi- 
nary passenger  trains  and  freight  trains.  The  amount  of  traffic  on  the  different  lines, 
per  yearly  average,  is  200  to  1,400  passengers  and  2,500  to  6,.500  tons  of  freight  per 
day.  The  express  engines  weigh  35.43  tons  each,  and  have  a  weight  of  12.32  tons  on 
the  driving  wheels ;  the  maximum  speed  is  43.^  miles  per  hour.  The  freight  engines 
weigh  41  tons  each,  have  a  maximum  load  per  axle  of  13.8  tons,  and  travel  at  a 
maximum  speed  of  25  miles  per  hour. 

The  ballast  is  partly  gravel  and  partly  of  broken  stone.  It  completely  fills  the  in- 
terior of  the  tie  and  is  compressed  very  firmly  by  the  pressure  of  passing  trains. 

The  ties  are  of  wrought  iron,  and  are  used  without  any  paint  or  other  protection 
against  rust.  They  are  mauufactured  in  Bavaria  by  the  Maximilian  Works,  at 
Haidhof,  and  by  Kramer  Brothers,  of  St.  Ingbert.  They  cost,  in  April,  1889,  $30.50  per 
ton  at  the  works.  So  far  there  had  not  been  any  appreciable  wear.  The  reasons  for 
adopting  these  ties  were  to  obtain  a  firm  and  stable  track,  a  long  life  for  the  ties,  and 
a  security  of  the  rail  fastenings.  The  general  results  have  been  very  satisfactory, 
there  having  been  no  trouble  with  the  fastenings,  nor  with  the  maintenance  of  track. 
No  breakages  have  occurred  and  the  rails  only  break  the  same  as  on  wooden  ties. 
An  iron  tie  costs  96  cents,  and  a  pine  tie,  impregnated  with  chloride  of  zinc,  67  cents. 
The  latt«r  lasts  on  an  average  about  twelve  years. 

Besides  the  proper  shape,  a  certain  dead  weight  of  the  tie  is  absolutely  necessary 
for  the  stability  of  the  track,  and  the  engineers  of  these  lines  consider  a  weight  of 
139  pounds  per  tie  as  the  minimum  admissible  weight  for  track  with  ordinary  traffic. 
Mr.  Heindl  recommends  for  main  lines  with  a  heavy  traffic  a  weight  of  175  pounds 
per  tie.  [While  general  experience  does  not  seem  to  bear  out  the  requirement  of 
such  weight,  I  would  call  especial  attention  to  this  point  of  minimum  weight,  as  in 
many  cases  metal  ties  have  been  designed  and  invented  in  which  every  other  feature 
has  been  sacrificed  in  order  to  secure  the  least  possible  weight  and  amount  of  material 
and  consequent  cheapness  in  first  cost.  Ties  of  such  design  cannot  be  efficient  in 
service,  and  are  likely  to  make  a  track  very  inferior  to  one  laid  with  wooden  ties, 
however  desirable  the  use  of  the  metal  may  be  in  itself.  This  is  one  of  the  pronounced 
defects  of  some  of  the  ties  patented  in  this  country.— E.  E.  H.  T.  ] 
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The  engineers  of  these  lines  consider  the  horizontal  tie  to  be  superior  to  one  having 
the  ends  inclined  upward.  A  tie-plate  is  also  considered  advantageous  with  metal 
track,  because  it  distributes  the  vertical  pressure  over  a  larger  area,  prevents  the 
llanges  of  the  rail  from  wearing  into  the  tie,  and  gives  also  a  wider  bearing  to  resist 
lateral  pressure.  Good  results  are  expected  from  the  method  of  fastening  tlio  rails, 
especially  on  account  of  the  separation  of  the  part  resisting  the  horizontal  thrust 
from  the  part  resisting  the  overturning  of  the  rail.  The  former  are  firmly  seated,  and 
are  not  affected  by  the  inevitable  motion  of  the  rail.  [It  has  the  disadvantage, 
however,  of  increasing  the  number  of  parts,  but  this  appears  to  be  a  matter  of  very 
secondary  importance  in  European  track  practice. — E.  E.  R.  T.  ] 

The  ties  are  of  inverted  trough  section  (See  plate  No.  14),  8.2  feet  long,  5.2  inches 
■wide  on  top,  9.G  inches  wide  at  the  bottom.  They  are  horizontal  and  of  uniform  sec- 
tion throughout ;  the  ends  are  closed  by  bending  down  the  top  table  to  a  depth  of  4.8 
inches,  and  in  the  older  ties  the  sides  were  also  bent  round  at  the  ends.  The 
weight  is  138.6  pounds  per  tie.  The  top  table  is  .36  inch  thick,  and  the  sides  from 
.3  inch  near  the  bottom  to  .32  inch  near  the  top.  At  each  rail  seat  are  two  oblong 
holes  2.32  inches  long  by  .92  inch  wide,  4.08  inches  apart  in  the  clear.  There  are 
eleven  ties  to  a  rail  length  of  29.52  feet ;  the  joint  ties  are  spaced  20  inches  center  to 
center,  the  next  30.1  inches,  the  next  two  spacings  34  inches,  and  the  remainder  36 
inches. 

The  rails  are  of  steel,  of  flanged  section,  5.22  inches  high,  with  a  flange  4.20  inches 
wide,  head  2.32  inches  wide,  top  table  9  inches  radius,  top  corners  .5fj  inch  radins, 
weighing  62.78  pounds  per  yard.  Each  rail  rests  on  an  iron  tic-plate  4.64  inches  long, 
5.12  inches  wide,  with  notches  for  the  rail  fastenings  ;  the  rail  seat  has  an  inward  in- 
clination of  1  in  20,  and  is  from  .22  inch  to  .44  inch  thick;  at  the  outer  edge  the  plate 
is  .68  inch  thick,  having  a  rib  which  resists  the  outward  pressure  of  the  rail  flange. 
The  weight  is  2.16  pounds  per  plate.  The  fastenings  consist  of  gauge- washers, 
clamps,  and  bolts;  the  former  are  2.6  inches  wide  along  the  rail,  and  of  different 
lengths  according  to  the  gauge  ;  one  end  butts  against  the  tie-plate,  having  a  notch 
for  the  bolt,  and  the  other  end  has  a  lug  which  fits  into  the  hole  in  the  tie.  Upon  this 
is  the  clamp,  one  end  resting  on  the  washer  and  the  other  on  the  rail  flange.  They  are 
held  together  by  a  X-headed  bolt,  .80  inch  diameter,  weighing  .95  pound  each,  with 
the  nut  screwing  down  on  the  clamps.  At  one  tie  in  each  rail  length  a  short  piece  of 
angle-bar  is  bolted  to  the  rail,  the  flange  bearing  against  the  side  of  the  rail  fastening 
and  preventing  creeping  of  the  rail.  The  fastening  is  similar  to  the  "Ruppel"  type 
(see  Left-Bank-of-the-Rhine  Railway),  but  with  the  rail-clamp  of  the  latter  divided 
horizontally  into  two  parts.  The  rail  joints  are  suspended  and  are  spliced  by  a  pair 
of  angle-bars  and  four  bolts;  the  bolts  are  .88  inch  diameter,  and  are  spaced  4.20 
inches  center  to  center,  for  the  inner  ones,  and  5  inches  for  the  outer  ones.  A  space 
of  .20  inch  is  left  at  the  rail  ends. 

The  weight  of  this  track  per  rail  length  is  given  as  follows : 

[Per  29. 52  feet.] 


Material. 


2  rails 

U  ties 

2  outer  angle-bars 
2  inner  augle-bars 

8  splice-bolts 

22  tie-plates 

44  gauge- washers . 


Weight. 


Pounds. 
1,  2;!5.  52 
1, 524.  60 
39.10 
52.36 
10.12 
47. 52 
30.80 


MateriaL 


44  fastening  bolts... 
44  rail-claraps 

Total   

Total  per  yard . 


Weight. 


Pounds, 
46.42 
24.64 


3,011.14 
334. 40 


Baden  State  Railways. — Mr.  Bricka,  in  his  report  to  the  Minister 
of  Public  Works  (France),  mentioned  the  curious  fact  that  on  these 
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lines  the  work  of  maintenance  is  done  by  contract ;  the  railway  admin- 
istration furuishiug  the  material.  The  work  is  said  to  be  well  done,  and 
the  method  to  have  proved  satisfactory.  The  plan  has  also  been  tried 
on  the  Wurtemberg  State  Railways,  and  on  the  Swiss  Central  Railway. 
He  gives  the  following  statement  of  the  track  for  the  end  of  1884 : 

Miles. 

Main  linos 701.84 

Local  lines 97.96 

Totaltiack 1,425.38 

Wooden  ties * 1,239.38 

Metal  longitiuliuals 3.72 

Metal  ties -" 182.28 

The  following  particulars  are  from  an  official  statement  received  in 
September,  1889: 

The  total  length  of  railways  in  operation  is  857.888  miles,  of  which  343.288  miles 
are  double  track  and  514.G00  miles  are  single  track.  The  total  length  of  main  track 
is  1,178.10  miles,  and  of  this  amount  at  the  end  of  1888  there  were  569.878  miles,  or 
47.8  per  cent.,  laid  with  metal  track,  including  2.604  miles  with  longitudinals  and 
567.274  with  cross-ties.  Iron  cross-ties  were  first  used  in  1881,  and  the  experience 
with  them  proved  so  satisfactory  that  they  are  being  used  exclusively  for  renewals 
for  all  main  track  now  laid  with  wooden  ties.  During  the  last  few  years  iron  ties 
have  also  been  used  in  the  construction  of  new  roads.  The  renewal  of  wooden  with 
iron  ties  upon  all  the  main  tracks  of  these  railways  will  be  completed  in  eight  or  ten 
years. 

The  ties  weigh  94.16  pounds  each,  but  it  is  intended  to  use  heavier  ties  as  an  ex- 
periment. They  are  not  painted  or  otherwise  treated,  but  no  damage  by  rust  has 
been  observed.  The  time  during  which  they  have  been  in  service  is  too  short  to  allow 
of  any  observations  being  made  as  to  their  durability  or  life.  As  far  as  the  expe- 
rience goes,  the  iron  ties  are  found  to  have  considerable  advantages  as  compared 
with  wooden  ties ;  they  last  longer,  and  so  reduce  the  cost  of  maintenance ;  they  also 
keep  the  track  in  line  better  and  maintain  the  gauge  more  accurately.  At  tirst,  how- 
ever, the  maintenance  of  track  on  iron  ties  is  not  cheaper  than  that  of  track  on 
wooden  ties.  The  adjustment  of  gauge  is  effected  by  a  washer  on  the  bolt,  with  the 
bolt  hole  placed  eccentrically,  allowing  for  each  line  of  rails  three  side  movements  of 
.132,  .268,  and  .40  inch,  so  that  the  gauge  can  be  widened  .80  inch. 

The  ballast  is  generally  of  coarse  gravel  or  broken  stone,  in  pieces  upwards  of  2.4 
inches  diameter,  free  from  earth  or  sand.  This  material  admits  of  proper  drainage 
and  has  proved  satisfactory.  The  heaviest  locomotives  weigh  107,800  pounds  in 
working  order,  and  have  a  maximum  load  of  15,400  pounds  per  driving-wheel.  The 
traffic  consists  of  passenger  and  freight  trains. 

The  ties  are  of  the  original  "  Bergand-Mark"  type,  as  used  on  the 
Elberfeld  division  of  the  Prussian  State  Railways  (see  Plate  No.  12) ; 
formerly  they  were  of  iron,  but  since  1883  they  have  been  made  of 
mild  steel.  The'  earlier  ones  were  7.38  feet  long,  which  was  consid- 
ered too  short.  The  ties  now  used  are  7.87  feet  long,  4.8  inches  wide 
on  top,  8.8  inches  wide  at  the  bottom,  2.4  inches  deep,  with  the 
sides  vertical  for  1.2  inches  from  the  bottom.  The  thickness  of  the 
sides  is  from  .24  to  .28  inch,  and  of  the  top  table  .36  inch.  The 
middle  part  of  the  tie  is  horizontal  for  a  length  of  3.28  teet.  The  rail 
seats  are  inclined  upward  1  in  20  for  a  length  of  25  inches,  and  then  the 
tie  inclines  downward  to  the  end.    At  the  ends  the  top  table  is  beat 
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down  and  flared  out,  so  that  the  closed  ends  are  4  inches  deep  and  10.8 
inches  wide  over  the  bottom.  The  bolt  holes  are  .84  inch  square,  with 
rounded  corners.  They  are  staggered  at  each  rail  seat  instead  of 
being  placed  opposite  one  another.  The  rails  are  of  flauge  section, 
made  of  Bessemer  steel.  The  fastenings  consist  of  bolted  clamps,  on 
the  Eoth-and-Schuler  plan.  (See  plate  No.  13.)  The  bolt  is  .76  inch 
diameter,  with  a  neck  .80  inch  square,  and  a  round  cup  head  1.36  inches 
diameter;  the  bolt  passes  through  a  gauge-washer  and  rail  clamp,  and 
the  nut  screws  down  on  the  latter.  The  washer  is  1.76  inches  square 
and  .56  inch  thick ;  it  has  a  bolt  hole  .80  inch  in  diameter,  so  placed  as  to 
be  .28,  .412,  .548,  and  .68-inch  from  the  four  sides,  thus  permitting  a  close 
adjustment  to  gauge;  the  rail  flange  buts  against  this  plate  or  washer. 

The  clamp  is  of  channel  shape  (| 1)  and  fits  over  the  gauge  washer; 

it  is  2.84  inches  by  2.6  inches,  with  an  oval  bolt  hole  .84  by  1.24  inches; 
it  is  about  .52  inch  thick ;  the  shorter  leg  is  .68  inch  deep  and  bears  on 
the  rail  flange;  the  longer  one  is  1.16  inches  deep  and  bears  on  the  tie. 
There  are  11  ties  to  a  rail  length  of  29.52  feet;  the  joint  ties  are  spaced 
22.8  inches  apart,  center  to  center,  and  the  intermediate  ties  33.72 
inches.  The  weight  of  this  track  is  2,640  pounds  per  rail  length,  or 
267.6  pounds  per  yard.  Prices  bid  for  ties  in  December,  1889,  iaveraged 
about  $38.20  per  ton. 

The  road-bed  is  crowned  at  subgrade,  and  the  ballast  is  filled  in  level 
with  the  tops  of  the  ties.  For  double  track  lines  the  width  over  the 
bottom  of  the  ballast  is  26.24  feet,  and  the  side  slopes  are  2  to  3,  giving 
18  inches  of  ballast  beyond  the  ends  of  the  tie;  the  depth  of  ballast  is 
18  inches  at  the  side,  and  12  inches  at  the  middle.  For  single  track 
the  width  at  the  bottom  is  14.27  feet,  side  slopes  2  to  3,  giving  18  inches 
of  ballast  beyond  the  ends  of  the  tie ;  the  depth  of  the  ballast  is  16 
inches  at  the  side  and  12.8  inches  at  the  middle.  At  stations  the  top 
of  the  ballast  is  level  with  the  surface  of  the  ground;  it  is  11.48  feet 
wide  on  top,  10  inches  deep  at  the  sides,  and  16  inches  deep  at  the  mid- 
dle, so  that  all  water  runs  to  the  bottom  at  the  middle,  where  there  is 
a  drain  covered  with  broken  stone  of  large  size. 

WuRTEMBEKG  STATE  Eailways. — Metal  cross-tics  have  been  used 
since  1879,  and  several  different  forms  have  been  used.  Those  now  used 
are  of  the  modified  Vautherin  section,  with  ribs  instead  of  flanges  on 
the  lower  edges,  and  with  a  rib  1.66  inches  wide  along  the  underside 
of  the  top  table  to  strengthen  it  at  the  holes  for  the  fastenings.  The  tie 
is  7.87  feet  long,  5.2  inches  wide  on  top,  10.4  inches  wide  at  the  bottom, 
3.2  inches  deep ;  the  top  table  is  .36  inch  thick,  and  .52  inch  at  the 
thickened  part.  The  weight  is  130  pounds  per  tie.  The  tie  is  bent  up 
at  the  rail  seat,  and  then  slopes  down  so  that  the  end  is  at  the  same 
level  as  the  middle.  The  ends  are  closed  by  riveted  pieces.  The  rails 
are  secured  by  gib  and  cotter  fastenings,  similar  to  those  used  on  the 
Elberfeld  division  of  the  Prussian  state  railways,  and  they  have  given 
satisfaction.    The  work  of  maintenance  is  less  than  with  track  on 
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woodeu  ties  owing  to  the  weight  of  the  tie.  At  the  end  of  1884  there 
were  194  miles  of  metal  ties,  out  of  a  total  of  1,426  miles,  and  it  was 
then  expected  to  extend  this  about  37.2  miles  per  year. 

The  following  is  Mr.  Bricka's  statement  of  the  track  for  the  end  of 
1884: 

Milt-8. 

Mainlines BTH.M 

Local  lines 78.74 

Total  track 1,404.92 

Woodeu  ties 1, 185, 44 

Metal  loDgitudiuals - IG.  74 

Metal  ties 194.06 

Stone  blocks,  etc 8.68 

Alsace-Lorraine  State  Eailways. — A  number  of  different  sys- 
tems of  metal  track  have  been  tried,  and  in  August,  1889,  the  manage- 
ment reported  that  there  were  in  use  eight  kinds  of  metal  track  and 
four  systems  of  attachments.  Of  the  total  length  of  track  there  were 
then  as  follows : 

Miles. 

Wooden  ties.... 888.931 

Metal  longitudinals 583.086 

Iron  and  steel  ties 312.015 

The  form  of  cross-tie  adopted  in  1887  is  of  the  modified  "  Berg-and- 
Mark"  type  (See  plate  No.  12);  8.85  feet  long,  5.2  inches  wide  on  top, 
10.52  inches  wide  over  all,  3.6  inches  deep ;  the  sides  are  .28  inch  thick 
and  the  top  table  .32  inch ;  weight  156.J  pounds.  The  earlier  form  of 
the  tie  of  this  type  was  7.87  feet  long,  4.4  inches  wide  on  top,  7.84  inches 
wide  inside  at  the  bottom,  9.2  inches  wide  over  the  ribs,  3  inches  deep, 
top  table  .4  inch  thick,  weight  126.5  pounds ;  it  was  bent  to  a  curve  to 
give  the  rails  an  inward  inclination.  The  rails  were  of  flange  section 
and  were  secured  by  clamps  and  bolts  on  a  plan  similar  to  the  Ruppel 
plan.  The  newer  ties  are  horizontal,  and  the  "  Haarmann  "tie-plate  and 
bolt  fastening  are  used,  as  on  the  Cologne  division  of  the  Prussian 
State  Railways.  The  ends  are  closed.  With  this  newer  form  of  track 
there  are  ten  ties  to  a  rail  length  of  29.52  feet;  the  joint  ties  are  spaced 
23.6  inches,  center  to  center,  the  next  30.4  inches,  the  next  38  inches, 
and  the  intermediate  ties  30|  inches.  The  weight  of  the  track  is 
3,204.88  pounds  per  rail  length,  or  325.70  pounds  per  yard.  The  JBcerde 
or  Post  ties  are  also  being  tried. 

A  cross-tie  of  the  "  Haarmann  "  type  has  also  been  used ;  it  was  7.87 
feet  long,  4.28  inches  wide  inside  at  the  bottom,  10  inches  wide  over  all ; 
the  edges  of  the  flanges  were  turned  down  .80  inch ;  depth  over  all  (not 
including  the  end  plates)  2.56  inches.  The  end  plates  were  of  double 
angle,  or  H  section,  riveted  to  the  horizontal  flanges,  closing  the 
end  of  the  "  cap  "  of  the  tie  and  projecting  1.2  inches  below  the  flanges. 
The  weight  was  106.7  pounds  per  tie.  The  "  Haarmann  "  tie-plate  and 
rail  fastening  were  used,  requiring  only  one  bolt  and  clamp  for  each  rail. 
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The  Hilf  system  of  longitudinals  has  been  tried  on  this  line.  The 
longitudinals  were  2i.O  feet  long,  12  inches  wide  at  the  bottom  and  2.4 
inches  deep;  the  thickness  of  sides  and  top  was  .32  inch.  The  rails 
were  secured  by  bolted  clamps,  on  a  plan  similar  to  that  used  for  the 
cross-ties  on  the  Hesse-Louis  Railway,  but  the  bolts  had  not  eccentric 
necks.  The  rail  joints  were  spliced  by  one  angle-bar  and  one  channel- 
bar.  At  the  joints  of  the  longitudinals  was  a  cross-tie  7.5  feet  long, 
and  the  gauge  was  maintained  by  tie-rods  passing  through  the  web  of 
the  rail  and  secured  by  nuts ;  these  were  spaced  12.3  feet  apart.  'Lon- 
gitudinals of  the  "  Rhenish"  type  were  also  used;  they  were  8  inches 
wide  on  top,  12  inches  wide  over  the  bottom  ribs,  9.84  inches  wide  in- 
side at  the  bottom  ;  3.6  inches  deep;  thickness  of  sides  .32  inch,  and  of 
top,  .36  inch.  They  were  24.6  feet  long,  and  weighed  63.6  pounds  per 
yard,  a  little  more  than  those  of  the  "Hilf  "  type.  The  ends  were  closed. 
The  joints  of  the  longitudinals  were  spliced  by  saddle  plates  28.8  inches 
long,  of  almost  similar  section  to  them,  fitting  inside  and  secured  by 
bolts.  There  were  no  cross-ties,  the  gauge  being  maintained  by  tie-rods 
placed  at  intervals  of  12.3  feet.  Longitudinals  are  now  only  used  in 
exceptional  cases.  The  Hartwich  system  of  combined  rails  and  longi- 
tudinals, consisting  merely  of  deep  flange  rails,  without  cross-ties,  has 
been  used  where  local  lines  are  laid  in  the  streets  or.  along  roads.  The 
rails  were  29.52  feet  long,  7.2  inches  high,  with  a  head  2  inches  wide 
and  a  flange  4.8  inches  wide ;  weight,  73.2  pounds  per  yard.  They  were 
connected  at  intervals  of  9  feet  lOJ  inches  by  round  tie-rods,  1  inch 
diameter,  passed  through  the  webs  and  secured  by  a  nut  on  each  side  of 
each  rail ;  there  were  three  tie-rods  to  each  rail  length.  The  rails  were 
spliced  at  the  joints  by  angle-bars  with  two  rows  of  bolts.  The  weight 
of  the  track  was  1,647.9  pounds  per  rail  length,  or  183.10  pounds  per  yard. 
Great  care  was  taken  to  insure  proper  drainage.  At  subgrade  a  line 
of  large  rough  stone  blocks  was  laid  under  each  rail,  and  upon  this 
was  a  bed  of  broken  stone  in  which  the  rail  was  bedded  to  the  middle 
of  the  web.  The  ballast  was  filled  in  to  the  level  of  the  rail  heads,  with 
a  paving  of  blocks  just  under  the  tie-rods.  Cross-drains  were  laid  at 
intervals.  These  precautions,  however,  were  expensive,  diminishing  any 
economy  due  to  this  system  of  track.  This  track  was  first  laid  about 
five  years  ago. 

The  weights  of  the  engines  in  use  in  1885  were  as  follows : 


Class  of  engine. 


Passenger 

Freight 

Mixed 

For  secondary  lines 


Total 

weight. 


Maximum 
weight  on 
one  axle. 


Tounda. 
80, 000 
86. 240 
68,750 
55,  880 

Pounds. 
32,  230 
30, 140 
2^, 600 
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The  following  is  Mr.  Bricka's  statement  of  the  track  for  the  end  of 

1884 :  _ 

Miles. 

Main  liues 6^9.98 

Local  lines 109. 19, 

Total  track 1,516.52 

Wooden  ties 874.82 

Metalties 79.98 

Metal  longitudinals 559.86 

Stone  blocks,  etc 1.86 

MainNeckab  Railway  (See  plates  Nos.  12  and  13).— On  this  line 
mild  steel  cross-ties  have  been  used  since  1880,  and  their  use  is  being 
extended.  The  original  Vautberin  section  is  adhered  to,  with  the  rail- 
seats  formed  on  the  Hosch-Lichthammer  plan.  Mr.  Bricka  in  his  report 
( 1885)  stated  that  wooden  ties  were  not  being  used  for  new  lines  or 
general  renewals.  He  reported  the  track  as  excellent.  He  examined 
ties  that  had  been  in  service  for  three  years  and  found  no  signs  of 
wear  under  the  rails  or  at  the  bolt-holes.  The  track  behaved  as  well 
under  the  passage  of  trains  as  the  best  track  on  wooden  ties,  and  cost 
less  for  maintenance.  The  following  is  his  statement  of  the  track  for 
the  end  of  1884:    • 

Miles. 

Main  lines 58.28 

Total  track 148.94 

Wooden  ties 126.48 

Metalties 20.46 

In  October,  1889,  I  received  the  following  report  from  this  railway, 
■with  a  letter  stating  that  it  would  have  been  sent  at  an  earlier  date, 
but  thar,  having  adopted  that  j'ear  a  heavier  section  of  tie  they  pre- 
ferred to  wait  until  particulars  of  these  new  ties  could  be  given: 

Up  to  the  end  of  1889,  aboat  100,000  cross- ties  on  the  Hosch-Lichthammer  plan  had 
been  laid  ;  equal  to  about  12,500  rail  lengths  of  24.6  feet,  or  58.125  miles  of  track. 
Iron  ties  were  first  used  in  1881,  and  each  year,  until  now,  10,000  ties  have  been  laid ; 
in  1884  and  1885,  however,  20,000  ties  were  laid  each  year.  The  ties  are  now  of  mild 
steel.  Tie  trafiSc  is  very  heavy.  The  ties  are  manufactured  by  the  Hosch  Iron  and 
Steel  Works,  of  Dortmund  ;  the  De  Wendel  Works,  of  Haizengen  ;  aud  the  Hoerde 
Mining  aud  Rolling  Mill  Company,  of  Hoerde.  The  cost  per  ton  (1.000  kilograms  = 
2,200  pot  lids)  is  from  §33.10  to  $35.90,  delivered  at  the  Darmstadt  station.  At  pres- 
ent the  1  :e  of  the  ties  cannot  be  given,  but  it  is  estimated  (from  eight  years'  experi- 
ence) th-  c  they  will  certainly  last  between  thirty  and  fifty  years.  Formerly  gravel 
ballast  V  .18  used,  but  broken  stone  is  now  adopted  as  experience  has  proved  its  supe- 
riority, e  ;pecially  for  the  heavy  ties  of  the  section  of  1889.  The  change  from  wooden  to 
iron  ties  vaa  made  because  at  the  same  cost  of  iron  aud  wooden  ties  the  former  give 
ccrtainlv  more  security  and  better  gauge,  and  are  also  of  longer  duration.  At  first 
ties  of  .^  '  inch  thickness  were  used,  which,  at  the  prices  at  that  time,  were  hardly 
more  ex)  msive  than  oak  ties.  These  light  ties  (weighing  84.414  pounds  each)  had 
the  disa«  antage  that  the  entire  track,  rails  and  ties,  was  too  light;  it  had  to  be  fre- 
quently '  'inped  and  straightened  or  lined  up.  It  was  thought  that  this  objection 
would  b<  -emedied  by  increasing  the  thickness  of  the  tie  to  .40  inch,  giving  a  weight 
of  106.75  <onnds.    The  result  was  not  as  good  as  had  been  expected,  and  therefore.  In 
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1889,  ties  "weighing  135.3  pounds  were  adopted,  but  wore  not  delivered  until  October 
of  that  year.  The  good  results  expected  from  the  use  of  metal  ties  have  beeu  in  the 
main  realized,  and  the  safety  of  tljo  traffic  is  iucieased.  The  maintenauce  of  track 
with  the  light  metal  ties  was  a  little  more  expensive  than  with  wooden  ties.  There 
is  no  more  trouble  with  the  rail  joints  on  these  ties  than  on  wooden  ties.  Breakages 
of  ties  occur  very  rarely,  and  of  rails  hardly  ever.  The  metal  ties  have  maintained 
the  gauge  accurately,  which  was  not  always  the  case  with  wooden  ties.  Formerly 
two-thirds  of  pine  and  one-third  of  oak  ties  were  nsed,  both  impregnated  with  a 
solution  of  sublimate.  They  were  8.2  feet  long,  5  to  5.5  inches  wide,  and  4  inches 
thick.  The  cost  was  $1.27^  per  tie  for  oak,  and  73f  cents  for  pine.  The  adzing  of 
the  rail  seat  cost  2  cents,  ani  the  preserving  8f  cents,  so  that  the  cost  for  tie  com- 
plete was  $1,38J  for  oak  and  84|  cents  for  pine.  The  lifers  from  fifteen  to  twenty 
years  for  oak,  and  from  five  to  eight  years  for  pine.  The  sharpest  curve  on  which 
the  metal  ties  are  laid  is  of  1,148  feet  radius,  and  the  steepest  grade  is  1  in  333. 

The  ties  of  1880  were  of  mild  steel ;  they  were  8.2  feet  long,  4  inches  wide  on  top, 
2.4  inches  deep,  8.8  inches  wide  over  the  bottom  flanges,  which  were  .6  inch  wide  ; 
the  thickness  was  from  .24  inch  at  the  lower  part  of  the  sides,  to  .32  inch  at  the  top 
table.  The  middle  portion  of  the  tie  was  horizontal  for  4.26  feet,  the  rail  seats  were 
inclined  1  in  20  for  8,52  inches,  and  the  tie  was  then  horizontal  to  tbe  end.  The 
weight  was  81.41  pounds  per  tie.  The  fastenings  were  of  the  Ruppel  plan  of  boiled 
clamps.  The  bolt  holes.at  each  rail  seat  were  staggered.  The  rail  joints  were  even 
and  suspended,  spliced  by  straight  plates  and  four  bolts.  To  a  rail  length  of  24.6 
feet  there  were  nine  ties ;  the  joint  ties  spaced  21.6  inches  apart,  center  to  center,  and 
the  intermediate  ties  34.8  inches.  The  ties  of  1883  were  similar  to  the  above,  but  the 
thickness  was  from  .26  inch  to  .36  inch.  The  ends  and  middle  of  the  tie  were  in  the 
same  horizontal  line,  the  rail  seats  being  inclined  and  then  sloped  back  to  the  normal 
level.  At  the  rail  joints  one  of  each  pair  of.  clampS  was  long  enough  to  cover  the 
width  of  the  flange  of  the  rail.  There  were  nine  ties  to  a  rail  length  of  24.6  feet; 
the  joint  ties  were  spaced  20.4  inches  apart,  center  to  center ;  the  next  31.88  inches, 
and  the  intermediate  ties  36  inches.  The  weight  was  91.85  pounds  per  tie.  These 
ties  were  of  mild  steel.  The  ties  of  1886  were  similar  to  those  of  1883,  but  the  thick- 
ness was  from  .32  inch  to  .40-iuch.  The  rail  joints  were  sjjliced  by  one  channel  bar 
and  one  straight  bar,  27.2  inches  long,  with  six  bolts.  The  weight  was  106.75  i)ouuds. 
There  were  nine  ties  to  a  rail  length  of  24.6  feet;  the  joint  ties  spaced  26.08  Inches 
center  to  center,  the  next  ones  29.04  inches,  and  the  intermediate  ties  36  inches. 

The  ties  of  the  type  adopted  in  1889  are  of  the  same  general  type.  They  are  8.2 
feet  long,  5.6  inches  wide  on  top,  2.8  inches  deep,  10.4  inches  wide  over  the  bottom 
flanges,  which  are  .72  inch  wide.  The  thickness  is  .32  inch  at  the  sides  and  .40-inch 
at  the  flanges  and  the  top  table.  The  rail  seat  is  inclined  for  a  length  of  10  inches, 
and  then  slopes  back  in  6  inches  to  the  horizontal  line  of  the  tie.  The  ends  are  bent 
to  a  depth  of  4.8  inches.  The  weight  is  135.2  pounds  per  tie.  The  fastenings  are  of 
the  Ruppei  system.  The  rails  are  of  flange  section,  5.2  inches  high,  with  a  fljinge  4 
inches  wide.  The  joints  are  spliced  by  one  straight  and  one  channel  bar,  with  six 
bolts.  For  a  rail  length  of  24.6  feet  there  are  nine  ties.  The  joint  ties  are  spaced  26.08 
inches  center  to  center,  the  next  ones  29.04  inches,  and  the  intermediate  ties  36  inches. 
For  a  rail  length  of  32.8  feet,  there  are  twelve  ties;  the  joint  ties  are  spaced  26.08 
inches  center  to  center,  the  next  ones  28.64  inches,  and  the  intermediate  ties  35.2 
inches.  The  weight  of  the  track  for  a  rail  length  of  24.6  feet  is  2,337.32  pounds,  or 
28.5  pounds  per  yard. 

Hesse  Louis  Railway. — On  this  Hue  tbe  Hilf  system  of  longitudinals 
has  been  tried,  but  this  system  of  track  was  abandoned,  as  the  cost  of 
maintenance  on  the  78  miles  laid  with  it  was  found  to  be,  during  the 
ye^rs  X881  tp  1886,  3Q  per  cent,  higher  tUao  that  of  track  on  cross-ti^a, 
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The  '^Berg-aud-Mark"  type  of  cross-ties  is  now  used.    The  following 
is  Mr.  Bricka's  statement  of  the  track  at  the  end  of  1884 : 

Miles. 

Main  Hues 420.36 

Total  track 757.02 

Woodeu  ties 484.46 

Metal  luiigitudiuals 78.12 

Metal  ties 192.20 

Stone  blocks,  etc 1. 24 

The  following  is  from  a  special  report  received  in  January  1890 : 

Metal  track  is  iu  use  to  a  greater  or  less  extent  on  all  the  divisions  of  the  road. 
The  lines  from  Frankfort-on-Main  to  Eschhofen,  from  Wiesbaden  to  Niedernhausen, 
from  Babenhausen  to  Uaunu,  and  from  Erbach  to  Eberbach,  are  laid  entirely  with 
metal  track.  At  the  end  of  1888,  there  were  304.42  miles  of  main  line,  and  75.02  miles 
of  local  lines,  laid  with  such  track ;  making  a  total  of  379.44  miles.  The  steepest 
grade  on  which  the  track  is  laid  is  1.43  per  cent.  ( I  in  701,  and  the  sharpest  curve  has 
a  radius  of  about  984  feet.  The  lirst  metal  track  was  laid  iu  1874.  The  traffic  con- 
sists of  passenger,  freight  and  express  trains.  The  heavit'Stlocomotives  weigli  4y 
tons,  without  the  tender,  and  have  a  maximum  load  of  7  tons  on  the  driving  wheels. 

At  the  end  of  1888  the  metal  track  included  300.08  miles  of  cross-ties  and  79.36 
miles  of  longitudinals.  The  longitudinals  are  of  the  Hilf  type,  with  middle  rib. 
The  cross-ties  are  of  similar  section,  but  without  the  middle  rib;  they  are  8.2  feet 
long  and  weigh  114.4  pouuds.  Both  longitudinals  and  cross-ties  are  of  rolled  iron. 
They  are  not  treated  with  any  preparation  to  resist  rust.  They  are  manufactured  by 
the  Luxemburg  Metal  Works,  the  Saarbruck  Iron  Works,  and  the  Burbach  Forge 
Company,  near  Saarbruck.  During  1888,  the  contract  price  for  cross-ties  averaged 
$28  per  2,200  pounds,  at  the  works.  Longitudinals  have  not  been  purchased  since 
1879.  The  cost  of  maintenance  of  the  track  on  metal  ties  can  only  be  given  for  the 
parts  which  are  laid  entirely  with  metal  track  ;  on  the  other  parts  the  costs  for 
wages,  road-bed  material,  etc.,  for  track  on  iron  and  wooden  ties,  are  not  kept  in 
separate  accounts.  In  1888  the  cost  for  maintenance  of  track,  for  material  and  wages, 
X»er  kilometer,  was  as  follows : 

(a)  Frankfurt  Station  to  Eschhofen |108 

(&)  Wiesbaden  to  Niedernhausen 79 

(c)  Babenhausen  to  Hanau 87 

(d)  Erbach  to  Eberbach 85 

The  cost  per  car  axle  per  kilometer  is  calculated  as  follows :  (a)  6.25  cents ;  (&)  8.5 
cents;  (c)  7.25  cents;  (d)  9,75  cents. 

At  curves,  the  holes  in  the  longitudinals  are  drilled  to  correspond  to  the  curves, 
and  the  gauge  is  kept  by  the  cross  connections  and  the  cross-ties  under  the  joints  of 
the  longitudinals.  With  cross-ties,  the  bolts  which  fasten  the  rails  have  eccentric 
necks  which  admit  of  an  adjustment  or  widening  of  gauge  at  curves  of  .72  inch  in 
nine  movements.  Tie-rods  are  used  with  the  track  on  longitudinals.  When  lirst 
laid,  only  one  tie-rod  was  placed  to  each  pair  of  longitudinals,  but  experience  proved 
that  a  second  was  desirable.  These  tie-rods  are  placed  at  the  middle  and  ends  of 
the  rails,  and  are  secured  by  bolts  and  nuts.  As  to  the  durability,  the  time  daring 
which  the  metal  crack  has  been  in  service  to  a  large  extent  is  too  short  to  enable 
a  definite  statement  to  be  made.  The  ballast  consists  of  gravel  and  broken  stone. 
Coarse  gravel  or  broken  stone  are  good;  fine  gravel  or  sand  are  not  so  satisfactory. 
The  width  of  ballast  is  from  11.48  feet  to  22.96  feet.  The  rails  are  of  flange  sec. 
tion ;  those  on  longitudinals  weigh  about  52  pounds  per  yard ;  those  on  cross-ties 
weigh  71.65  pounds  per  yard.  In  exceptional  cases,  rails  weighing  71.65  pounds  per 
^ard  will  be  Uid  on  longitudinals.    On  longitudinals  tbe  rail  joints  are  spliced  hj 
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a  pair  of  plain  splice  bars;  on  cross-ties  they  are  spliced  by  a  pair  of  augle-barn.  On 
track  with  cross-ties  the  rail  joints  are  Huspemletl.  Metal  track  was  used  priuci- 
cipally  because  wooden  ties  were  sometimes  difticult  to  obtain,  and  also  because  with 
metal  track  a  better  track-laying  and  maintenance  of  gauge  is  insured  than  is  at- 
tainable with  wooden  ties.  The  results  with  metal  track  thus  far  are  thoroughly 
satisfactory.  With  good  road-bed  material  the  maintenance  of  the  track  gives  no 
trouble,  and  neither  is  there  any  trouble  with  the  rail  fastenings.  No  transverse 
breakages  have  occurred  with  longitudinals  or  cross- ties;  on  the  other  hand  cracka 
lengthwise  of  the  tie  are  not  uncommon  between  the  bolt  holes,  and  a  stronger  con- 
struction of  the  track  was  very  soon  required.  An  opinion  can  not  yet  be  given  as  to 
the  comparative  durability  or  life  of  metal  and  wooden  ties.  An  impregnated  pine 
tie  costs  at  present  86  cents;  an  impregnated  beech  tie,  84  cents  to  $1.27;  and  an 
oak  tie,  $1.;?0  to  $1.42.  The  life  of  an  impregnated  pine  tie  averages  ten  years,  that 
of  an  impregnated  oak  tie,  twelve  years.  The  life  of  beech  ties  is  not  yet  determined. 
The  temperature  ranges  between  — 15°  C.  and  +  25°  C.  in  the  shade.  No  effect  of 
the  climate  upon  wooden  or  metal  ties  has  been  observed.  The  cross-ties  are  consid- 
ered better  than  longitudinals,  as  they  give  a  better  drainage  of  the  road-bed,  and 
consequently  the  work  of  maintenance  of  the  track  is  less. 

•    The  following  particulars  are  taken  from  the  drawings  accompanying 
the  above  communication : 

The  longitudinals  are  29.39  feet  long,  for  rails  29.52  feet  long ;  the  joints  of  rails 
and  longitudinals  corresponding.  They  are  7.2  inches  wide  on  top,  12  inches  wide  at 
the  bottom,  2.4  inches  deep ;  the  sides  are  vertical  for  1.2  inches  from  the  bottom  and 
the  middle  rib  is  the  full  depth.  The  thickness  is  .32  inch;  the  middle  rib  is  .8  inch 
thick  at  the  upper  part  and  .4  inch  thick  at  the  bottom.  The  crOss-ties  at  the  joints 
are  of  similar  section  ;  they  are  8.53  feet  long,  with  tlie  middle  portion  horizontal 
and  the  ends  bent  up  at  an  inclination  of  1  in  20  to  give  an  inward  inclination  to  the 
longitudinals  and  rails.  Each  rail  is  secured  to  the  longitudinal  by  twelve  pairs  of 
bolted  clamps,  spaced  about  34  inches  center  to  center,  and  26.2  inches  at  the  rail  ends. 
The  longitudinals  are  attached  to  the  cross-ties  by  bolted  clamps.  The  longitudinals 
and  cross-ties  weigh  59.1  pounds  per  yard,  or  579  and  168  pounds  each,  respectively. 
The  weight  of  the  track  is  2,484.5  pounds  per  length  of  29.39  feet,  or  276  pounds  per 
yard.  The  ballast  consists  of  a  bottom  course  of  large  stone,  and  an  upper  course  of 
ordinary  broken  stone,  filled  in  to  the  tops  of  the  longitudinals. 

The  cross-ties  are  8.2  feet  long,  4.8  inches  wide  on  top,  9.6  inches  wide  at  the  bot- 
tom, 2.8  inches  deep;  the  sides  are  vertical  for  1.2  inches  from  the  bottom.  The 
thickness  of  the  sides  is  from  .24  to  .36  inch;  the  top  table  is  .4  inch  thick.  The  mid- 
dle portion  of  the  tie  is  horizontal,  the  rail-seats  are  inclined  for  a  length  of  16  inches, 
and  the  tie  is  then  horizontal  to  the  ends,  which  are  closed  by  bending  down  the  top 
table  to  a  depth  of  4  inches.  The  bolt-holes  are  oblong,  1.24  by  .88  inch;  they  are 
3.6  inches  apart  in  the  clear  and  are  staggered,  being  1.6  inches  center  to  center- 
The  rails  are  secured  by  lolted  clamps  (See  plate  No.  13).  The  bolts  have  eccentric 
necks  to  permit  of  adjustments  of  gauge,  and  have  hemispherical  heads,  so  that  they 
can  not  be  put  in  from  above.  The  clamps  are  off"  shape,  the  horizontal  leg  rest- 
ing on  the  rail-dange  and  the  vertical  leg  on  the  tie.  There  are  eleven  ties  to  a  rail 
length  of  29.52  feet;  they  are  spaced  25.2  inches  center  to  center  at  the  joints,  31.4 
inches  next,  and  the  intermediate  ties  34  inches  center  to  center.  The  rail-joints  are 
spliced  by  angle-bars  and  four  bolts ;  the  bars  bear  against  the  clamps  on  the  cross- 
ties,  and  creeping  of  the  rails  is  thus  prevented. 

Lower  Palatine  (Pfalz)  Railway. — The  following  particulars  are 
taken  from  a  statement  and  drawings  furnished  in  September,  1889,  by 
the  officers  of  the  Pfalz  Railway  (Rhenish  Bavaria)  for  the  purpose  of 
this  report ; 
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On  the  railways  of  the  Palatine,  iron  cross-ties  have  been  need  since  1885 ;  at  first 
they  were  of  wrought  iron,  but  are  now  of  mild  steel,  niauufactured  by  the  Thomas 
process.  As  far  as  experience  goes,  these  ties  have  proved  successful.  They  are  now 
used  uot  only  in  continuous  stretches,  but  also  singly  in  exchauge  for  wooden  ties  in 
ordinary  renewals.  The  total  quantity,  up  to  the  end  of  1889,  is  about  1(50,000  ties, 
aud  there  are  coutiuuous  stretches  of  track  63.8(5  mile*  long  laid  with  them. 

The  ties  are  of  the  Hoerde  type,  similar  to  the  "  Post  "  type  (See  "  Holland"),  ex- 
cept that  each  side  is  in  one  plane  instead  of  two,  as  in  the  latter.  They  arc  7.87  feet 
long,  and  weigh  114.4  pounds.  The  top  is  horizontal  at  the  middle,  inclined  upward 
1  in  20  at  the  rail-seats,  and  then  sloped  down  to  the  ends,  which  are  closed.  At  the 
outer  part  of  the  rail-seat  the  tie  is  4  inches  wide  on  top,  9.4  inches  wide  over  the 
bottom  ribs,  3.5(5  inches  deep,  .44  inch  thick  on  top ;  under  the  rail  it  is  4.4  inches 
wide  on  top,  9.4  inches  wide  over  the  bottom  ribs,  3.26  inches  deep,  .44  inch  thick  on 
top;  at  the  inner  part  of  the  rail-seat  it  is  4.8  inches  wide  on  top,  9.4  inches  wide 
over  the  bottom  ribs,  2.8  inches  deep,  .28  inch  thick  on  top  ;  at  the  middle,  it  is  of  f\ 
section,  flat  for  about  1  inch  on  top,  3  inches  wide  just  below  the  top,  4^  inches  wide 
over  the  bottom,  5  inches  deep,  .28  inch  thick.  The  top  table  is  bent  down  at  the 
end,  projecting  2.8  inches  below  the  bottom  of  the  tie.  The  rails  are  fastened  by 
bolted  clamps,  on  the  Ruppel  system.  The  rails  are  of  flange  section,  5.36  inches 
high  and  4.20  inches  wide  over  the  flange.  There  are  nine  ties-to  a  rail  length  of  24.6 
feet ;  the  joint-ties  are  spaced  about  22  inches  center  to  center,  the  next  33  inches, 
and  the  intermediate  ties  .37.75  inches.  The  track  weighs  about  2,362  pounds  per 
rail  length,  or  270  pounds  per  yard. 

LuBECK  AND  BucHEN  RAILWAY. — On  this  line  metal  ties  have  been 
tried  since  1878.  Mild  steel  cross-ties  of  inverted  trough  section  are 
now  used;  they  are  somewhat  narrower  and  deeper  at  the  middle  than 
at  the  ends.  The  section  at  the  rail-seat  resembles  that  of  the  Hilf  or 
the  modified  "  Berg-and-Mark  "  ties,  but  the  vertical  part  of  the  sides 
is  very  shallow,  and  has  a  small  rib  on  the  bottom  edge;  the  section  at 
the  middle  more  nearly  resembles  that  of  the  •'  Post"  tie,  but  here  too 
the  change  of  plane  of  the  sides  is  very  low  down.  The  tie  is  7.87  feet 
long,  and  weighs  107.8  pounds ;  at  the  rail-seat  it  is  9.2  inches  wide 
over  the  bottom  and  3.2  inches  deep,  with  the  top  table  .36  inch  thick, 
and  the  sides  .3  inch  thick  at  the  top  and  .25  inch  at  the  bottom ;  at 
the  middle  it  is  8  inches  wide  at  the  bottom  aud  4  inches  deep,  with  the 
same  thickness.  The  rails  are  of  flange  section,  weighing  70.42  pounds 
per  yard,  and  are  secured  by  clamps  and  ±-headed  bolts;  the  bolt- 
holes  are  staggered.  For  a  rail  length  of  29.52  feet  there  are  eleven 
ties;  the  joint-ties  are  spaced  27.12  inches  center  to  center,  the  next 
ones  33.24  inches,  and  the  intermediate  ties  33.32  inches.  The  weight 
of  the  track  is  2,716.36  pounds  per  rail  length,  or  276  pounds  per 
yard. 

Halbeestadt  and  Blankenberg  Railway.— Cross-ties  of  the 
"  Berg-and-Mark  "  type  are  used,  with  gib  and  cotter  fastenings.  They 
are  7.12  feet  long,  have  the  ends  bent  to  an  inclination  of  1  in  20,  aud 
weigh  88  pounds  each.  The  rails  are  of  flange  section,  21.62  feet  long, 
5.2  inches  high,  with  a  flange  4  inches  wide.  The  weight  of  the  track 
is  1,767.87  pounds  per  rail  length,  or  245.37  pounds  per  yard.  This 
railway  includes  the  rack-rail  line,  on  the  Abt  system,  from  Blankenberg 
to  Tanne.    The  ties  are  of  similar  section  to  the  above,  7.21  feet  long, 
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8  inches  wide  on  the  bottom,  and  weighing  90  pounds  each.  The  ends 
are  closed  by  riveted  angle-irons,  and  other  angle-irons  are  riveted  inside 
at  about  18  inches  from  the  end.  The  ties  are  si)aced  about  35  inches 
center  to  center.  The  r'ack-rail  is  carried  in  chairs  which  are  fastened 
to  the  ties  by  gib  and  cotter  fastenings  similar  to  those  for  the  track- 
rails.  The  ballast  is  filled  into  the  ends  of  the  tie  to  the  inner  angle- 
irons,  and  the  middle  part  of  the  track  between  the  rails  is  left  entirely 
clear  of  ballast. 

MULHA.USEN,  ENSISHEIM  AND   WiTTENHEIM  RAILWAY. — This  is  a 

country  tramway  line,  built  partly  along  the  public  highway,  and  the 
information  given,  which  is  taken  from  a  report  published  in  1888,  re- 
fers only  to  the  section  from  Mulhausen  to  Ensisheim,  the  extension  of 
4.83  miles  to  Wittenheim  not  having  been  built  at  the  time  of  the  report. 
The  line  was  opened  in  December,  1885,  being  built  to  develop  the  trade 
of  the  old  city  of  Ensisheim,  which  had  declined  on  account  of  its 
isolation  from  railway  communication.  The  line  is  10.22  miles  long,  1 
meter  gauge  j  maximum  grade  2.4  per  cent,  for  295.20  feet,  with  other 
grades  of  1.2  to  2  per  cent,  for  a  total  length  of  1,459.60  feet.  The 
sharpest  curve  is  65.6  feet  radius,  and  the  alignment  is  as  follows: 
Tangents,  7.70  miles,  or  76  per  cent.;  curves  of  3,280  feet  radius,  .35 
mile,  or  3  percent.;  curves  of  1,640  to  328  feet  radius,  1.63  miles,"  or 
16  per  cent.;  curves  of  less  than  328  feet  radius,  .53  mile,  or  5  per 
cent. 

Three  systems  of  track  have  been  adopted  :  (1)  The  Demerbe  track, 
consisting  of  a  rail  of  saddle  or  inverted  trough  section,  weighing 
61.36  pounds  per  yard.  On  the  upper  surface  is  a  groove  for  the  wheel 
flanges.  It  is  used  for  a  length  of  3.5  miles  for  passing  through  villages 
It  requires  no  bolts,  being  secured  by  keys.  On  tangents  the  rails  are 
29.52  feet  long^  and  on  curves  of  65.6,  98,4,  and  114.8  feet  radius  they 
are  14.76  feet  long,  with  two  cross-ties.  The  rail  is  the  same  as  that 
used  on  the  Mulhausen  street  railway,  but  the  attachments  and  splices 
are  simpler.  (2)  Flange  rails  on  oak  ties.  (3)  Flange  rails  on  iron 
longitudinals.  This  system,  employed  especially  where  the  width  of 
the  road  is  not  more  than  22.96  inches  from  the  center  of  the  track  to  the 
side,  is  composed  of  a  rail  3.4  inches  high,  bolted  to  an  iron  longitudi- 
nal. The  joints  are  entirely  suspended,  the  splice  plates  being  clear 
of  the  ends  of  the  longitudinals.  The  rails  weigh  31.69  pounds  per 
yard,  the  longitudinals  24.75  pounds  per  yard,  and  the  track  complete 
about  120.75  pounds  per  yard.  The  rails  are  29.35  and  29.52  feet  long, 
and  the  longitudinals  27.71  and  27.88  feet.  The  gauge  is  maintained 
by  five  tie-rods  of  round  iron  to  each  pair  of  longitudinals,  secured  by 
nuts  at  the  ends ;  they  are  spaced  5.9  feet  center  to  center.  With  this 
system  of  track,  which  is  laid  for  a  length  of  2.32  miles,  the  minimum 
curvature  possible  is  328  feet  radius,  on  account  of  the  necessity  of 
bending  the  longitudinals.  For  curves  of  328  to  656  feet  radius,  the 
outer  and  inner  rails  are  19.68  and  19.51  feet  long  respectively,  and  the 
outer  and  inner  longitudinals  are  18.04  and  17.87  feet  long  respectively. 
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HoLLENTHAL  RAILWAY. — Tbis  is  a  staudard  gauge  railway  between 
Freiburg  and  Neustadt,  which  was  opened  in  May,  1887.  It  is  21^  miles 
long,  of  which  4^  miles  are  fitted  as  a  rack  railway.  The  rack  used  is 
of  the  Marsh  (or  so-called  Riggenback)  ladder  type.  The  track  is  laid 
with  mild  steel  cross-ties  of  the  Hilf  type,  with  closed  ends.  The  rails 
are  of  flange  section,  and  are  fastened  to  the  tie  by  bolted  clamps ;  the 
chairs  for  the  rack  rail  are  bolted  to  the  middle  of  the  tie.  The  rails  are 
29.52  feet  long  and  weigh  72.84  pounds  per  yard.  There  are  ten  ties  to 
a  rail  length.  The  ordinary  track  weighs  246.3  pounds  per  yard,  and 
the  rack  and  appurtenances  256.8  pounds  per  yard. 

TIES. 

The  Hoerde  Tie. — This  is  practically  the  same  as  the  "  Post"  steel  cross-tie,  already 
described  (see  HoUaud).  In  February,  1888,  the  niaunfacturing  company  (Hoerder, 
Bergwerks  uud  Hntten  Verein)  stated  that  the  following  numbers  of  these  ties  had 
already  been  supplied :  German  railways,  500,000 ;  Gotthard  Railway,  160,000;  Swiss 
Western  Railway,  160,000;  Sumatra  Railway,  80,000  ;  Dntch  State  railways,  100,000; 
total  1,000,000  ties.  Besides  these,  about  200,000  had  been  laid  in  France  and  Belgium. 
The  price  then  varied  from  $25.84  to  $28.34  per  ton,  free  on  board  at  Antwerp,  accord- 
ing to  size  and  quantity. 

The  special  features  of  this  form  of  tie  are  that  the  inclination  of  1  in  20  is  given 
to  the  rail  seat  in  the  process  of  rolling,  while  at  the  same  time  an  increased  thick- 
ness is  given  to  the  same  part  to  increase  its  strength  and  durability.  The  tie  is  also 
made  narrower  and  deeper  at  the  middle  than  at  the  ends.  By  the  method  of  rolling 
just  mentioned  the  metal  is  subjected  to  less  working  and  fatigue  than  when  the  seat 
is  stamped  to  shape  by  a  subsequent  operation  ;  the  thickness  may  be  increased  .12 
to  .16  inch,  while  at  the  same  time  it  may  be  reduced  at  other  parts  of  the  tie  without 
diminishing  the  efficiency  of  the  tie.  A  reduction  of  10  per  cent,  in  weight  is  claimed, 
with  equal  strength  and  durability  to  a  tie  of  uniform  section.  By  making  the  tie 
deep  at  the  middle  its  stiffness  or  rigidity  is  increased,  and  any  buckling  or  bending 
which  might  alter  the  width  of  the  gauge  is  prevented,  even  when  the  tie  is  improp- 
erly ballasted.  For  mam  lines  it  is  not  advisable  to  reduce  the  weight  below  110 
pounds,  but  it  is  claimed  that  for  secondary  railways  the  ties  may  weigh  only  72.6  to 
77  pounds  where  now  ties  weighing  99  pounds  are  nsed.  The  deepening  at  the  middle 
also  prevents  firm  tamping  of  the  tie  in  the  middle,. and  the  trackmen  are  given 
special  instructions  to  tamp  only  the  part  under  the  rails,  leaving  the  middle  free,  to 
prevent  "  hogging"  of  the  ties.  Such  motion  as  the  tie  may  have  in  the  ballast  tends 
to  drive  the  ballast  from  the  middle  toward  the  rail  seats. 

For  main  lines  the  tie  is  8.53  feet  long,  11.2  inches  wide  at  the  ends,  9.4  inches 
wide  for  about  26  inches  from  the  ends,  and  then  narrowing  to  4.72  inches  at 
the  middle.  The  depth  is  .5.24  inches  at  the  middle,  2.32  and  2.92  inches  at  the 
inner  and  outer  parts  of  the  rail  seat ;  the  ends  are  closed  by  bending  down  the  top 
table  to  below  the  level  of  the  body  of  the  tie.  On  each  of  the  bottom  edges  is  a 
broad  rib  of  triangular  section.  The  section  is  generally  polygonal,  each  of  the  sides 
being  in  two  planes  ;  in  some  cases  the  sides  are  in  one  plane  only,  formiug  an  ordi- 
nary inverted  trough.  The  thickness  at  the  rail  seat  is  .24  inch  at  the  bottom  of  the 
sides,  increasing  to  .34  inch  at  the  upper  part  of  the  sides  and  .36  inch  at  the  top 
table.  The  thickness  at  other  parts  of  the  tie  averages  .24  inch.  The  fastenings 
consist  of  tee-heatled  bolts  with  eccentric  necks,  which  admit  of  adjustment  of  the 
gauge;  the  bolt  passes  through  a  cl.imp,  one  end  of  which  rests  on  the  rail  flange 
and  the  other  end  on  the  tie,  the  latter  having  a  rib  on  the  under  side  to  bring  the 
top  level ;  the  nut  is  screwed  down  on  the  clamp.  The  clamps  are  2.6  by  2.16  inches, 
about  .4  inch  thick,  and  .8  inch  deep  at  the  outer  side ;  the  bolt-hole  is  .96  inch 
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diameter.  Special  bolts,  witli  necks  of  diftereut  dimensious,  are  used  for  curves,  and 
these  bolts  arc  marked  as  already  described  for  the  "Post"  tie  (See  "Holland"). 
The  widening  of  gauge  of  .32  inch  and  .4  inch,  i-equired  in  ordinary  service.,  can  be 
eft'octed  with  the  ordinary  bolts,  the  special  bolts  being  used  at  the  points  of  change 
from  one  adjustment  of  gauge  to  the  other,  aud  at  the  ends  of  curves  of  less  than 
3,280  feet  radius.  The  bolt-holes  are  in  identically  the  same  position  on  all  the  ties. 
Verona  nut-locks  are  used  for  the  fastening  and  joint  bolts.  The  rail  joints  are  sns- 
pendcd  and  are  spliced  with  angle-bars.  For  rail  lengths  of  29.52  feet,  the  joint-ties 
are  spaced  2G.8  inches  center  to  center,  and  the  intermediate  ties  about  37  inches. 
The  weight  of  the  track  is  given  as  follows: 


Materials. 


2  rails,  29.52  feet  long per  yard.. 

10  lies,  8.52  feet  long,  9.4  inches  wide each.. 

4  splice-bars,  22.8  inches  long do... 

8  splice-bults,  .88  inch  diameter do. . . 

40  lailclaiups  . .do  .. 

40  track-bolts,  .88  inch  diameter do... 

48  nut-locks do... 


Weight  per  rail  length . 
"Weight  per  yard 


Unit 
weight. 


Pounds. 
67.2 
110 
25.  30 
1.21 
.«* 
1.10 
.029 


Total 
weight. 


Pound*. 

1, 322.  64 

1, 100.  00 

101. 20 

9.68 

26.40 

44.00 

1.89 


2,605.81 
264.825 


The  manufacturers  give  particulars  of  tests  of  the  comparative  strength  of  these 
types  of  ties:  No.  1,  Netherlands  State  Railways,  narrow  and  deep  at  the  middle ;  8.52 
feet  long,  9.4  inches  wide,  and  2.32  inches  deep  at  rail  seats,  4.72  inches  wide,  and 
5.24  inches  deep  at  the  middle,  .24  to  .36  inch  thick,  weighing  110  to  120  pounds. 
No.  2,  of  similar  type,  but  of  uniform  section  throughout,  9.4  inches  wide  at  the  bottom 
and  2.32  inches  deep.  No.  3,  a  tie  of  inverted  trough  section,  used  on  the  Right- 
Bank-of-the-Rhine  Railway,  Germany;  8.85  feet  long,  4.8  inches  wide  on  top,  9.44 
inehes  wide  at  the  bottom,  3.1  inches  deep,  with  the  inner  part  of  the  side  vertical 
for  1  inch  from  the  bottom,  the  outer  part  being  a  thickened  rib  ;  sides  .23  inch  and 
top  .32  inch  wide;  weight  125.4  pounds.  The  ties  were  supported  at  the  middle.  A 
beam  or  rail  was  laid  across  the  two  track  rails,  and  upon  this  heavy  frogs  were 
placed,  the  load  being  uniformly  distributed.  The  bending  down  of  the  unsupported 
ends  of  the  ties  would  widen  the  gauge.  No.  1,  the  widening  of  the  gauge  was  from 
.18  inch  with  6,050  pounds  to  .39  inch  with  12,100  pounds  load.  The  only  permanent 
set  was  with  this  last  load.  No.  2,  with  a  load  of  7,260  pounds,  the  tie  failed  at  the 
middle,  being  entirely  deformed.  No.  3,  the  tie  failed  at  the  middle  under  a  load  of 
9,680  pounds  and  was  entirely  deformed. 

For  light  or  portable  railways  of  24  inches  gauge,  the  works  manufacture  two 
forms  of  ties:  No.  1  is  32.8  inches  long,  horizontal  and  shallow  at  the  ends,  with  the 
top  table  arched  up  at  the  middle  to  increase  the  depth  and  stiffness ;  the  ends  are  ■ 
closed.  It  is  4  inches  wide  and  1  inch  deep  at  the  ends,  2.24  inches  wide,  and  2.2 
inches  deep  at  the  middle ;  thickness,  .16  and  .24  inch  at  the  rail  seats.  No.  2  is  of 
uniform  section  throughout.  The  rails  are  6.56  feet  long,  of  flange  section,  but  with 
a  narrower  flange  on  the  inner  side  of  the  rail ;  they  are  2.6  inches  high,  1.88  inches 
wide  over  the  flange,  with  a  head  .92  inch  wide.  The  fastenings  consist  of  hook- 
bolts,  the  hook-head  holding  the  rail  flange  and  the  nut  being  on  the  inside  of  the 
tie.  The  rail  joints  are  spliced  by  straight  plates  riveted  to  one  end  of  each  rail  of 
each  section  of  track,  the  ends  of  the  rails  of  the  next  section  being  inserted  between 
the  projecting  plates.  The  ties  are  spaced  16  inches  apart,  center  to  center,  at  the 
joints,  and  32  inches  apart  intermediate.  The  track  is  made  in  sections  6.56  feet 
long,  each  consisting  of  two  rails,  three  ties,  and  four  plates.  The  weight  of  one 
such  section  is  about  88  pounds. 
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The  Good  Hope  Works  ties. — The  Good-Hope  Works,  at  Oberhausen,  manufacture  a 
number  of  diflerent  forms  of  ties  and  fastenings.  One  type  is  somewhat  similar 
to  that  adopted  for  the  Indian  State  railways.  (See  "India.")  It  is  8  feet  long  for 
standard  gauge  lines;  at  the  middle  it  is  4^  inches  deep  and  8^  inches  wide  on  the 
bottom  ;  at  the  rail  seat  it  is  9^  inches  wide  on  the  bottom,  with  vertical  sides  and 
rounded  corners ;  the  top  table  is  horizontal  aud  at  the  ends  it  is  bent  down  and 
flared  out  to  a  width  of  13  inches.  The  rails  are  of  flange  section  and  rest  on  metal 
t<e-plates,  which  give  them  the  required  inclination.  The  fast«niug8  consist  of  a  gib 
to  hold  the  outer  flange  and  two  gibs  and  a  cotter  for  the  inner  flange.  The  plate 
from  which  the  tie  is  made  is  8  feet  5  inches  long  by  15^  inches  wide,  and  weighs  9 
pounds  per  square  foot.  The  tie  weighs  98  pounds,  the  two  tie-plat«8  weigh  12 
pounds,  and  the  fastenings  9|  pounds,  making  a  total  of  119^  pounds  for  each  tie 
complete.  Similar  ties  are  made  for  gauges  of  5  feet  3  inches  (weighing  125^  pounds) 
and  5  feet  6  inches  (total  weight  128i  pounds).  It  is  also  made  for  the  3  feet  6  inches 
gauge,  but  is  of  arched  section  in  the  middle,  and  broader  and  shallower  under  the 
rails;  the  tie-plates  are  not  used;  the  tie  weighs  56  pounds,  or  8  pounds  per  square 
foot,  and  the  fastenings  3i  pounds.  The  rails  are  of  flange  section,  weighing  4^ 
ponnds  for  the  narrow  gauge  and  53  pounds  per  yard  for  the  wider  gauges.  Ties  of 
the  Haarmann  and  Vautherin  types  are  also  manufactured. 

The  Burkhardt  longitudinals. — The  following  description  of  this  system  of  track  is 
abstracted  from  the  Minutes  of  the  Proceedings  of  the  Institution  of  Civil  Engineers 
(England),  Vol.  LXXXI,  1885  : 

"The  longitudinal  is  of  inverted  channel  section,  27  feet  10^  inches  long,  9.76  inches 
wide  on  top,  2.36  inches  deep,  and  12.6  inches  wide  over  the  flanges.  One  of  the  ends 
is  closed  by  a  riveted  plate  and  the  other  by  the  cross-tie  connection.  A  space  of  19^ 
inches  is  left  between  the  ends  of  the  longitudinals,  and  this  space  comes  under  the 
rail-joints.  The  rails  are  fastened  at  nine  points  by  bolts  and  clamps.  There  are 
three  cross-ties  to  each  longitudinal ;  they  are  of  angle  or  channel  iron,  6  feet  7  inches 
long,  4  inches  deep.    The  weight  of  the  track  is  268  pounds  per  yard." 

Ties  made  from  old  rails. — A  sjstem  has  been  designed  byL.  Schnlke,  of  Dusseldorf, 
for  utilizing  old  rails  for  ties.  The  rails,  of  flange  section,  are  cut  into  lengths  of 
about  7  feet  6  inches,  and  two  of  these  pieces  laid  on  the  side,  head  to  head,  form  one 
cross- tie.  The  heads  and  webs  are  cut  away  on  the  upper  side  at  each  rail  seat  for 
the  metal  tie-plates,  upon  which  the  rails  rest.  The  track  rails  are  secured  by  bolted 
clamps,  difi'erent  sizes  of  clamps  being  used  for  the  adjustment  of  the  gauge.  It  is 
stated  that  the  average  price  for  old  rails  in  Germany  in  1887  was  about  §10  per  net 
ton  for  heavy  iron  rails  and  about  $7.50  per  ton  for  light  steel  rails.  The  weight  of 
these  ties  is  from  60  to  100  per  cent,  greater  than  that  of  wooden  ties.  It  is  claimed 
that  while  ten  iron  or  wooden  ties  are  used  to  a  rail  length  of  29.52  feet,  only  eight  of 
these  ties  would  be  required,  especially  if  the  two  parts  of  each  tie  were  placed 
further  apart,  aud  the  tie  plates  lengthened  accordingly.  They  may  be  spaced  from 
29.6  inches  at  the  joints  to  36  inches  intermediate.  The  manufacture  requires  a  cou- 
.siderable  amount  of  shop  work — sawing  to  length,  cutting  the  seatsforthe  tie-plates, 
making  the  bolt-holes,  etc. — all  of  which  is  expensive.  While  the  plan  might  be 
successful  for  light  railways  with  small  traffic,  it  is  not  likely  to  be  practicable  for 
main  lines  or  heavy  traffic.  As  to  the  supply  of  material,  it  will  be  noted  that  one 
rail  30  feet  long  will  only  make  two  ties. 

These  ties  have  been  tried  on  two  or  three  railways  in  Germany,  and  a  few  have 
been  tried  in  Belgium.  They  arc  said  to  have  given  satisfactory  results  as  to  nmiu- 
tenance,  but  it  is  not  probable  that  they  will  be  adopted  to  any  extent. 

Metal  ties  at  switches  and  frogs. — On  the  Prussian  state  railwajs  the 
metal  ties  are  employed  at  switches  and  frogs.  The  ties  are  of  the 
modified  "  Berg-and-Mark"  type,  11.2  inches  wide  over  the  bottom  and  3 
inches  deep.    Bolted  clamp  fastenings  are  used.    For  a  length  of  81.45 
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feet  over  a  switch  aud  frog,  there  are  40  ties  of  various  lengths,  from 
the  ordinary  length  of  7.87  feet  to  14.76  feet  beyond  the  frog;  this  long 
tie  holding  all  the  rails.  The  tie  to  which  the  switch-lever  and  appa- 
ratus is  fastened  is  12.46  feet  long.  The  ties  are  variously  spaced  ;  30 
inches  center  to  center  at  the  frog,  32.4  inches  at  the  switch,  and  up  to 
37.2  inches  intermediate.  At  the  switch  there  is  a  bed-plate  18.6  feet 
long  by  14.8  inches  wide  under  each  line  of  rails,  covering  8  ties.  The 
frog  and  guard  rails  cover  5  ties.  At  crossings  and  slip  switches  the 
arrangement  of  the  ties  is  rather  more  complicated. 

The  work  of  laying  and  fitting  switches  and  frogs  on  these  ties  is 
probably  more  difficult  than  with  wooden  ties,  but  when  once  laid  they 
require  much  less  attention,  owing  to  the  secure  fastenings  and  the 
accurate  maintenance  of  the  gauge,  and  the  track  is  certainly  much 
safer  than  with  the  ordinary  arrangement  of  frogs  and  switches.  The 
fact  of  the  introduction  of  metal  ties  at  these  points  is  an  evidence  of 
the  favor  with  which  such  ties  are  considered. 

SUMMARY  OF  METAL  TRACK  FOR  GERMANY^ 


Railways. 


Tear. 


Ties. 


Longitnd- 
inals. 


Total 
track. 


Prussian  state  railways : 

Berlin  division  

Elberfflddivision 

Cologue  division  (R) 

Cologne  division  (L) 

Frankfurt  division 

Erfurt  division 

Hanover  division 

Magdeburg  division 

Broraberg  division  

Bavarian  state  railways.... 

Ba<len  state  Tiiilways  " 

Wurteraberg state  railways. 

Alsace-Lorraine  railways... 

Main-Neckar  Railway 

Hesse  Louis  Railway 

Lower- Palatine  Railway 

Hollenthal  Railway 


1884 
1887 
1888 
1888 
1884 
1889 
1884 
1884 
1888 
1889 
1889 
1889 
1889 
1889 
1888 


Total  inclniledin  this  report. 
Official  total  at  end  of  1888... 


Miles. 

1.24 
702.60 
450.69 
943.96 
37.82 
251. 10 
107.  26 
126. 48 


140.00 
567.27 
350.00 
312.02 

58.13 
300.  08 

80.00 
4.75 


Miles. 
473.06 
93.00 
162.06 
241.  45 
634.88 


340.38 
13.02 

191.93 

399.00 
2.61 
16.74 

583.69 


79.36 


4,493.40 
5, 224. 12 


3,231.18 
3, 562.  52 


Miles. 
474.30 
855.60 
612. 76 

1, 185. 41 

672. 70 
251. 10 
447.64 
139.  50 
iai.93 
539. 00 
569.88 
366.74 

895. 71 
58.13 

379.44 
80.00 
4.75 


7. 724. 58 
8,786.64 


AUSTRIA  AND  HUNGARY. 

General  Remarks. — Metal  tracks  of  different  kinds  have  been 
tried  on  the  most  important  railways,  and  the  two  types  which  have 
been  most  widely  experimented  with  are  the  Heindl  type  of  cross-ties 
and  the  Hohenegger  type  of  longitudinals.  On  the  lines  where  wooden 
ties  are  used  metal  tie-plates  are  frequently  employed  to  prevent  the 
cutting  of  the  wood  by  the  flange  of  the  rail ;  they  are  not  generally 
used  on  every  tie,  except  on  very  sharp  curves;  they  are  generally 
heavy  plates  about  5.25  by  7.50  inches  and  .40-inch  thick  under  the 
rail,  with  a  rib  on  one  or  both  sides.  The  spikes  pass  through  the 
plate,  and  hold  both  rail  and  plate.  The  following  notes  as  to  the 
track  are  taken  from  an  article  of  mine,  "  The  Austria-Hungarian  rail- 
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ways,"  published  in  the  Railroad  Gazette,  New  York,  August  19, 

1887: 

The  iron  rails  are  from  39.6  pounds  per  yard  in  lengths  of  18.14  feet  to  75  pounds 
per  yard  in  lengths  of  19.68  feet.  The  steel  rails  are  64.5  pounds  per  yard  in 
lengths  of  22.79  feet,  66.3  pounds  per  yard  in  lengths  of  29.52  feet,  and  76.5  pounds 
per  yard  in  lengths  of  22.79  feet ;  the  second  of  these  steel  rails  is  the  standard.  For- 
merly insistent  joints  were  used,  the  wooden  joint-ties  being  8.2  feet  long,  10  inches 
wide  on  top,  11}  inches  wide  at  the  bottom,  and  6  inches  thick.  Suspended  joints 
are,  however,  now  being  used.  The  ordinary  ties  are  about  8.2  feet  long,  6  inches 
wide  on  top  and  11}  inches  wide  at  the  bottom ;  in  some  cases  both  sides  have  a 
slope,  in  others  one  side  is  vertical  and  the  other  slanting,  w^hile  others  have  the  sides 
vertical,  but  with  the  corners  beveled  o|F  to  the  top  width.  Gange-rods  are  some- 
times used  on  curves. 

These  couutries  are  said  to  be  among  the  most  favored  countries  in 
Europe  as  regards  the  production  of  timber. 

The  following  table,  showing  the  growth  of  the  railways  and  the 
steady  increase  in  the  use  of  metal  track,  is  from  the  report  of  Mr. 
Bricka  to  the  minister  of  public  works,  France,  in  1885. 

Mileage  of  railways  of  Austria  and  Hungary. 


Tear. 


Main  Udos.  Local  lines.  Total  track. 


Wooden    Metal  loogi- 
ties.  tudinals. 


Metal  cross- 
ties. 


1S78 
1879 
1880 
1881 
1882 
1883 
1884 


10, 600  14 
10,  621.  22 

10,  668.  34 
10, 626. 80 
10, 970.  28 
11,078.16 

11,  647. 32 


625.58 
681.38 
718.58 
843.34 
859.94 
1,  271.  62 
1, 607. 04 


14, 977. 96 
15,086.46 
15,  237.  74 

15,  351. 20 
15, 860. 22 

16,  523.  00 

17,  681. 78 


14,966.18 
15,071.58 
l.'i,  219. 14 
15,  324. 54 
15,821.78 
16, 464.  72 
17,  606. 76 


11.78 
12.40 
16.12 
18,60 
27.28 
42.16 
47.74 


2.48 
2.48 
&06 
11.16 
16.12 
27.28 


Austrian  State  Railways. — Some  years  ago  a  few  metal  ties  of 
the  "Atziuger"  type,  designed  by  Mr.  Atzinger,  an  eugiKeer,  were  laid 
on  a  length  of  about  2.48  miles  on  the  Francis  Joseph  Railway,  which  is 
now  a  part  of  the  state  railways  system.  They  were  similar  to  the 
"  Berg-and-Mark"  type  of  tie,  with  the  Ruppel  plan  of  fastenings  (see 
Germany).  In  1879  wrought-irou  ties,  weighing  154  j)ounds  each,  were 
laid  for  a  length  of  about  .85  mile  between  Nussdorf  and  Kahleuberg- 
erdorf.  In  1882  mild  steel  ties  of  the  same  type  were  laid  for  a  length 
of  1.75  miles  between  the  latter  town  and  Klosterneuborg ;  these  were 
7.87  feet  long,  4.8  inches  wide  on  top,  9.6  inches  wide  at  the  bottom,  3.2 
inches  deep,  weighing  118.8  pounds.  The  ends  were  closed.  On  this 
single-track  line  there  was  an  ordinary  traffic  of  forty  trains  per  day, 
with  seventy  trains  on  fete  days. 

The  Serres-and-Battig  system  of  longitudinals  (Plate  No.  11)  was 
also  tried  about  ten  or  twelve  years  ago.  They  were  laid  in  1877-1879 
for  a  distance  of  .62  mile  on  the  line  from  Vienna  to  Bruck,  .62  mile  on 
the  line  from  Oravitza  to  Anina,  and  also  in  the  station  at  Budapesth. 
The  longitudinal  consists  of  two  beams,  forming  a  A  or  a  X  with  a  very 
short  stem  when  assembled  together.  At  the  lower  edge  of  each  beam 
is  a  horizontal  flange,  and  the  upper  part  is  vertical  for  a  short  depth ; 
between  these  vertical  parts  rests  the   web  of  a  flaugeless  T  rail, 
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secured  by  bolts  passing  through  the  web  and  the  tops  of  the  two 
beams.  The  objects  of  this  system  are  as  follows:  (1)  To  make  a  track 
which  the  weight  of  trains  will  tend  to  keep  together  or  consolidate ;  (2) 
to  make  the  wearing  part  of  the  rail  renewable ;  (3)  to  avoid  the  use  of 
small  pieces  of  material.  The  longitudinals  are  connected  at  their  joints 
by  flat  plates  bolted  to  the  horizontal  bottom  flanges.  The  transverse 
connections  consist  of  deep  bars  of  | — f-j — |  section  passing  through 
the  longitudinals,  notched  to  receive  the  web  of  the  rails,  and  resting 
on  the  top  of  the  horizontal  flanges  of  the  longitudinals.  The  head  of 
the  rail  is  1.32  inches  deepj  the  vertical  part  of  the  longitudinals  upon 
which  rests  the  head  and  between  which  lies  the  web  of  the  rail,  .60  inch 
thick,  is  2.48  inches  deep,  and  from  thence  to  the  level  of  the  top  of  the 
horizontal  flanges  is  2.98  inches;  these  flanges  are  2.48  inches  wide. 
The  width  of  the  longitudinals  at  the  bottom  is  7.64  inches  inside  and 
12.60  inches  over  the  flanges.  The  thickness  of  the  vertical  and  hori- 
zontal parts  is  about  .60  inch  and  of  the  inclined  parts  about  .24  inch  to 
.38  inch.  The  tie-bars  extend  beyond  the  longitudinals  and  are  placed 
about  7.87  feet  apart;  they  are  4.48  inches  deep,  about  .32  inch  thick, 
with  flanges  about  1.8  inches  wide,  the  two  middle  ones  being  rather 
narrower.  The  bolts  holding  the  rails  and  longitudinals  together  are 
.76  inch  diameter,  with  oval  bolt  holes  to  allow  for  expansion.  The 
weight  of  the  track  was  about  258  pounds  per  yard.  The  line  was 
Standard  gauge,  single  track,  with  the  ballast  deep  under  the  longitudi- 
nals and  on  the  outside  level  with  the  bottom  of  the  rail  head.  For 
curves,  the  parts  are  bent  at  the  works.  When  tried  in  Belgium  this 
track  was  unsatisfactory,  owing  to  the  poor  quality  of  the  iron  and  faulty 
construction,  but  in  Austria  it  has  given  good  results.  A  piece  of  track 
.62  mile  long  laid  in  1879,  near  Temesvar  and  Oravitza,  included  curves 
of  374  feet  radius  and  a  grade  of  2  per  cent.;  there  was  a  heavy  traffic, 
with  trains  hauled  by  engines  having  three  and  four  coupled  axles.  This 
Bectiou  of  track  was  found  by  Mr.  Bricka  in  1885  to  be  in  good  condi- 
tion ;  the  repairs  had  been  few,  and  the  maintenance  was  reported  as 
having  been  more  economical  than  with  wooden  ties.  Further  experi- 
ments, on  a  more  extended  scale,  were  to  be  made.  Some  of  this  track 
was  still  in  service  in  1887.  It  is  said  to  have  given  especially  good  re- 
sults at  stations,  where  the  maintenance  is  difficult,  and  where  it  is 
necessary  to  avoid  a  frequent  renewal  of  the  ties.  The  comparison  of 
cost  has  been  given  as  follows : 


Rails 

Ties  or  longitadinals 

FasteaingB 

Ballast 

Laying 

Total  cost  i>er  yard. 
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The  most  extensive  experiments,  however,  have  been  with  the 
"  Heiudl"  type  of  cross-tie  (Plate  No.  14),  the  invention  of  Mr.  Franz 
Heindl,  general  inspector  of  the  state  railways.  These  ties  have  been 
laid  as  follows : 


Where  laid. 


On  three  divisions 

In  the  Arlbcrg  tunnel  (first  track) 

In  the  Arlberg  tunnel  (second  track) . 
On  secondary  railwaj-s 

Total 

At  stations  (side-tracks,  etc.) 


Total  to  1888. 


Year. 


1883 
1884 
188.> 
1886 


No.  of  miles. 


1.302 
6.634 
6.634 
13.  OJO 


27.590 
24.800 


52.390 


The  ties  are  of  steel,  of  inverted  trough  section,  having  the  lower 
part  of  the  sides  vertical.  They  are  7.87  feet  long,  6  inches  wide  on 
top,  *10.4  inches  wide  at  the  bottom,  4  inches  deep  with  the  sides  verti- 
cal for  2.4  inches  from  the  bottom;  .32  inch  thick  at  "the  sides  and  .40 
inch  on  top.  The  weight  is  158.4  pounds  per  tie.  The  fastenings  are 
rather  complicated  and  are  composed  of  a  number  of  pieces.  Each 
rail  rests  on  a  tie-plate  which  gives  the  inclination  of  1  in  16 ;  an  angle 
clamp  (r*)  is  placed  on  each  side,  the  top  resting  on  the  tie  with  its  end 
fitting  into  a  notch  in  the  tie-plate  and  the  lug  fitting  into  the  elongated 
bolt  hole  in  the  tie;  the  adjustment  of  gauge  is  effected  by  using  dif- 
ferent sizes  of  these  clamps.  Lying  in  a  groove  in  the  top  of  this  clamp 
is  another  clamp  with  one  end  projecting  over  and  bearing  upon  the 
flange  of  the  rail.  A  ±-headed  bolt,  with  the  nut  on  top,  holds  these 
parts  together.  The  tie  is  horizontal  throughout  its  length.  Formerly 
the  top  table  was  bent  down  at  the  end  to  a  depth  of  5.2  inches,  and 
the  sides  bent  round ;  now,  however,  the  projecting  end  of  the  top 
table  is  cut  to  such  a  shape  that  when  bent  down  it  eft'ectually  closes 
the  ends  of  the  tie.  For  a  rail  length  of  24.6  feet  the  ties  are  spaced 
20  inches  apart  at  the  joints,  32  inches  next  to  the  joints,  and  36  inches 
center  to  center  of  intermediate  ties.  The  rails  are  of  flange  section, 
about  4.9  inches  high,  with  a  head  2.32  inches  wide  and  a  flange  4.48 
inches  wide.  The  joints  are  spliced  by  angle-bars  with  four  bolts.  The 
ballast  is  of  earthy  gravel.  The  weight  of  track  complete  is  2,833.58 
pounds  for  a  rail  length  of  24.6  feet,  or  345.6  pounds  per  yard. 

The  ties  for  the  secondary  railways  are  of  similar  type  to  those  already 
described ;  5.2  inches  wide  on  top,  9.2  inches  wide  on  the  bottom,  3.2 
inches  deep ;  thickness  of  sides  .32  inch,  and  of  the  top  .34  inch.  The 
weight  is  about  123.2  pounds. 

In  Arlberg  tunnel  coke-burning  engines  are  used.  For  particulars  of 
this  track,  see  a  note  on  "  The  Heindl  ties  "  further  on. 

Northern  Railway. — In  1883  ties  of  the  "  Heindl"  type  were  laid 
for  a  length  of  1.21:  miles  between  Vienna  and  Cracow,  on  the  Emperor 
Fertliuand  Northern  Railway.    Part  was  laid  in  gravel  and  part  in 
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brokeu  stone  ballast.  Mr.  Bricka  states  that  be  noted  that  the  noise  of 
the  passafje  of  trains  was  no  more  disagreeable  on  this  track  than  on 
the  parallel  track  laid  with  wooden  ties.  He  notes  this  as  an  interest- 
ing point,  as  showing  that  with  ties  of  proper  section  and  sufficient 
weight  the  vibrations  are  not  caused,  or  that  with  a  good  form  of  metal 
track  as  a  whole  they  are  considerably  diminished.  These  ties  are  of 
similar  dimensions  and  weight  with  those  on  the  state  railways. 

AussiG  AND  Teplitz  Kailway. — Steel  cross-ties  of  the  Heindl  sys- 
tem were  laid  in  1883  for  a  length  of  .62  mile.  They  are  of  similar 
weight  and  dimensions  with  those  on  the  state  railways. 

Galician  (Carl-Louis)  Eailway.— A  length  of  .62  mile  was  laid 
with  the  Heindl  system  of  steel  cross-ties  in  1884.  These  also  are  simi- 
lar to  the  ties  in  use  on  the  state  railways. 

Northwestern  Eailway. — On  this  railway  metal  longitudinals 
have  been  tried  since  1876,  and  the  following  very  complete  description 
of  the  track  was  furnished  in  March,  1888,  by  Mr.  Hohenegger,  .chief 
engineer,  for  the  purpose  of  this  report.    (See  plate  No.  14.) 

The  liue  betweeu  Vienuaand  Tetschen  has  59.51  miles  laid  with  metal  track,  which 
have  beeu  laid  as  follows : 


Tear. 

Form, 

No.  of 
miles. 

1876 

in 

2.54 

187T 

2.45 

1878 

4  70 

1880 

3.3a 

1881 

2.58 

1882. 

7.87 

1883 

15.31 

1884 

6.20 

1885. 

6.32 

1886 

4.33 

1887 

3.87 

Of  this  length  the  alignment  is  as  follows : 

Miles. 

On  tangents 37.21 

On  curves  of: 

9,840  to  3,280  feet  radius 7.44 

2,952  to  1,968  feet  radius 3.35 

1,640  to  1,148  feet  radius 11.00 

984  to  935  feet  radius 51 

'  There  are  daily,  in  both  directions,  two  fast  express  trains,  two  express  trains, 
eight  accommodation  trains,  and  at  least  ten  freight  trains.  The  passenger  engines 
weigh  42  tons  each,  in  working  order,  and  have  a  weight  of  12.4  tons  on  the  driving 
axle ;  the  freight  engines  weigh  45  tons  in  working  order  and  have  a  weight  of  11.25 
tons  on  the  driving  axle. 

The  track  is  laid  with  three  forms  of  metal  longitudinals:  2.54  miles  of  No.  I 
13.07  miles  of  No.  II,  and  43.90  miles  of  No.  III.  Those  of  forms  No.  I  and  No.  II  are 
made  from  old  iron  rails,  and  weigh  51.90  pounds  and  60.95  pounds  per  yard,  re- 
spectively; No.  Ill  are  of  mild  steel,  made  by  the  Thomas  process,  and  weigh  58.80 
pounds  per  yard.  There  is  no  protection  against  rust,  the  longitudinals  being  laid  in 
the  state  in  which  they  leave  the  rolls ;  no  rust  has  thus  far  been  observed.  The 
loDgitudiu»l6>  ^v^  «»»uwf{wtured  at  the  Tej)Utz  Rolling  Mill  and  Beeseraor  Works, 
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Price. — The  prioea  are  as  follows,  for  delivery  at  railwaj'  stations :  No.  I,  $5.94  per 
220  poauds,  or  about  $60  per  ton ;  No.  II,  $3.46  per  220  pouuds,  or  about  $35  per  ton ; 
No.  Ill,  $4.56  per  220  pounds,  or  about  $46  per  ton.  For  the  manufacture  of  Noh.  I 
and  II,  the  railway  company  furnished  the  necessary  old  rails,  which  wore  accepted 
and  accounted  for  at  $1.92  per  220  pounds,  or  about  $20  per  ton. 

Kenewah. — Of  form  No.  I,  after  eleven  years'  service,  one  longitudinal  was  re- 
newed on  account  of  the  opening  of  a  welded  joint;  this  is  0.0001  per  cent,  of  the 
whole  Those  of  form  No.  II  were  made  from  old  flange  rails,  which  were  simply 
welded  together,  and  rolled  in  three  sizes;  of  the  first  delivery,  after  ten  years'  serv- 
ice, 7.08  per  cent,  had  to  be  renewed  on  account  of  imperfect  welding.  Those  of 
form  No.  Ill  are,  so  far,  without  defect  or  failure,  and  not  one  piece  has  been  re- 
newed. 

Curves. — The  longitudinals  of  forms  Nos.  I  and  II  are  rolled  straight,  and  the  holes 
for  the  rail-bolts  were  spaced  according  to  the  radius  of  the  various  curves ;  those  of 
form  No.  Ill  are  bent,  while  hot,  to  the  required  curve.  Those  of  form  No.  I  were 
all  of  equal  length,  because,  in  consequence  of  the  considerable  distance  left  between 
the  ends  at  the  joints,  a  shortening  on  the  curves  can  easily  be  effected  by  laying 
them  closer  together.  Nos.  II  and  III  are  made  of  shorter  length  for  the  inner  side 
of  curves,  a  certain  number  being  laid  according  to  the  shorter  rail  length  and  the 
radius  of  the  curve.  _ 

Tie-rods. — These  were  originally  used  for  Nos.  I  and  II,  because  the  longitudinals 
were  only  connected  at  the  ends  by  transverse  ties,  the  distance  between  them  being 
31.81  feet  for  No.  I  and  15.83  feet  for  No.  II.  An  experience  of  several  years  has 
proved  that  tie-rods  are  not  necessary  for  preserving  the  accuracy  of  the  gauge,  the 
transverse  connections  under  the  longitudinals  being  sufficient  for  this  purpose ;  these 
connections  placed  at  intervals  of  9.84  feet  answer  tlie  purpose. 

Wear. — The  only  wear  observed  has  been  with  some  longitudinals  of  form  No.  I,  in 
which  the  flange  of  the  inner  rail  on  curves  has  worn  slightly  into  the  top  table. 

Durability. — The  life  of  the  longitudinals  of  form  No.  I  is  estimated  at  about  fifty 
years ;  those  of  No.  II,  made  of  old  flange-rails,  will  hardly  last  as  long,  as,  being  made 
simply  by  welding  the  old  rails  together,  a  gradual  opening  of  the  welded  joints  must 
be  expected,  especially  in  those  parts  which  correspond  to  the  former  web  of  the  rail ; 
the  pieces  which  have  required  to  be  renewed  have  shown  this  defect  distinctly. 
Those  of  form  No.  Ill,  being  of  steel,  will  certainly  last  even  longer  than  those  of 
form  No.  I.  • 

Fastenings. — The  rail  fastenings  for  form  No.  Ill  (See  plate  No.  14)  effectually  pre- 
vent creeping  of  the  rail  on  the  longitudinal  by  firm  hold  of  the  clamp  on  the  rail- 
flange  and  the  rib  of  the  longitudinal.  The  inclined  outer  face  of  the  clamp  admits 
of  an  adjustment  of  the  gauge  ;  this  is  effected  by  slacking  one  nut,  which  allows  the 
clamp  to  rise  and  also  move  back ;  the  rail  is  then  shifted,  the  opposite  clamp  pushed 
down  to  a  corresponding  extent,  and  both  nuts  then  screwed  tight.  The  rail-flange 
butts  against  a  boss  on  the  lower  side  of  the  clamp,  which  thus  receives  all  the  force 
of  the  lateral  thrust  caused  by  passing  trains,  and  transfers  it  to  the  rib  of  the  longi- 
tudinal, thus  protecting  the  bolt  from  wear. 

Ballast. — The  ballast  is  of  river  gravel,  excavated  gravel,  and  broken  stone.  The 
core  of  ballast  inside  the  lougitudinal  is  compressed,  by  tamping  and  by  the  pressure 
of  passing  trains,  to  such  an  extent  that  it  can  only  be  loosened  by  means  of  a  pick ; 
this  compression  extends  nearly  12  inches  below  the  lower  edge  of  the  longitudinal 
and  prevents  the  quick  drainage  of  water  from  between  the  rails,  this  prevention  of 
the  drainage  varying  with  the  degree  of  compression  of  the  ballast.  For  this  reason 
it  is  recommended  that  the  ballast  should  be  clean  and  of  a  character  which  will 
allow  of  the  water  passing  through;  where  this  can  not  be  had,  however,  sufficient 
means  for  drainage  must  be  provided.  No  heaving  by  froat  has  been  observed  on 
this  track. 

Bails. — The  rails  are  of  one  flange  section,  weigh  58.75  poauds  per  yard.  The  joints 
tre  8pU<?e4  by  an  jjj^^r  straight  plate,  au4  m  outer  douUlc-auglo  or  oUftUuel  pl«te} 
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four  bolts  are  used.  The  outer  plate  was  of  symmetrical  shape  for  Nos,  I  and  II, 
aud  served  to  hold  the  head  of  the  rail  in  horizontal  position  as  well  as  to  support  it 
vertically.  At  each  end  the  splice-plate  bore  against  a  rail-claiup  bolted  to  the  longi- 
tudinal, and  thus  prevented  creeping  ;  in  this  way  the  tendency  to  creep  caused  by 
the  passage  of  trains  was  transmitted  to  the  longitudinal,  which  was  itself  prevented 
from  moving  by  its  rigid  cross  conuections.  For  form  No.  Ill  the  outer  splice-plate 
is  of  unsymmetrical  section,  the  upper  flange  being  narrow ;  the  edge  of  the  lower 
flauge  bears  against  the  rib  of  the  longitudinal,  thus  increasing  the  resistance  to  the 
outward  thrust  of  the  rail.  A  bolt  passing  through  this  flange  and  the  top  of  the 
longitudinal  effectually  prevents  any  creeping  beyond  that  allowed  by  slight  inaccu- 
racies in  drilling  the  bolt-holes.  An  inner  angle-plate,  bearing  against  the  other  rib 
of  the  longitudinal,  completes  the  joint  and  makes  a  solid  continuous  track.  With 
Nos.  I  and  II  the  rail-joints  are  supported,  but  with  No.  Ill  they  are  suspended. 

The  steadily  increasing  speed  and  weight  of  passenger  trains  made  it  necessary  to 
employ  heavier  and  more  rigid  locomotives,  and  this  traffic  nearly  reached  the  limit 
of  the  power  of  resistance  of  the  ordinary  track  with  cross-ties.  To  strengthen  this 
track  by  the  use  of  oak  ties,  or  even  iron  ties,  in  place  of  the  usual  pine  ties,  would 
have  increased  the  expenses  considerably  without  increasing  in  equal  proportion  the 
power  of  resistance  of  the  track  against  lateral  pressure  on  the  many  and  sharp  curves 
of  the  road.  These  reasons  led  to  the  adoption  of  track  on  metal  longitudinals,  after 
a  preliminary  trial  had  been  made  in  1876;  but  the  great  cost  of  such  track  made  it 
necessary  to  study  the  matter  more  thoroughly.  At  the  first,  attention  was  directed 
to  making  use  of  old  rails,  which,  in  consequence  of  the  increasing  introduction  of 
steel,  would  be  obtained  at  very  moderate  prices.  The  success  of  the  experiment  per- 
mitted the  adoption  of  iron  track  for  other  portions  of  the  line  in  1877,  1878,  1880, 
and  1881,  but  only  to  such  an  extent  as  old  rails  were  taken  up  and  welded  together 
to  form  the  longitudinals.  These  old  iron  rails  becoming  scarce,  and  the  introduc- 
tion of  the  Thomas-Gilchrist  process  for  the  manufacture  of  mild  steel, which  made  the 
cost  of  this  material  very  moderate,  led  naturally  to  the  adoption  of  form  No.  Ill 
(See  plate  No.  14),  made  of  mild  steel.  Another  reason  for  adopting  the  longitudinal 
stringer  system  of  track  was  the  proportionately  weak  section  of  the  flange-rails  used, 
weighing  only  64.38  pounds  per  yard.  In  view  of  the  increasing  weights  of  the  loco- 
motives, this  gave  the  company  and  its  engineer  the  alternative  of  increasing  the 
weight  of  the  rails  to  100.43  pounds  per  yard,  or  of  adopting  a  still  lighter  rail  and 
obtaining  the  necessary  strength  b^  means  of  a  strong  longitudinal  or  stringer. 
Whether  this  method  of  obtaining  a  strong  track  is  a  correct  one,  the  future  will 
demonstrate. 

The  behavior  of  the  track  laid  with  form  No.  Ill  has  been  very  satisfactory.  Oij 
the  part  laid  with  Nos.  II  and  I,  it  was  found  necessary  to  remove  the  broad  iron 
cross-ties  which  were  laid  under  the  joints  of  the  longitudinals,  according  to  the  Hilf 
system  (See  Germany),  and  to  replace  them  by  plain  angle-irons.  Their  purpose  is 
merely  to  maintain  the  width  of  the  gauge,  and  not  to  support  the  ends  of  the  lon- 
gitudinals like  abutments.  The  track  stands  admirably  and  requires  little  or  no 
labor  for  maintenance  and  surfacing,  either  on  the  straight  portions,  which  are  in 
lengths  of  3.72  to  4.34  miles,  nor  on  sharp  curves.  On  the  straight  portions  no  such 
swinging  and  rolling  motion  of  the  cars  can  be  observed  as  is  the  case  on  track  laid 
with  cross-ties.  There  is  no  trouble  with  the  attachments,  the  nuts  being  held  in 
position  by  nut-locks,  and  tightening  up  of  the  nuts  is  rarely  necessary.  The  track- 
men formerly  required  to  redrive  the  spikes  for  track  with  wooden  cross-ties  can 
now  be  employed  on  other  track  work.  In  consequence  of  the  continuous  support  of 
the  rails,  no  rails  or  splice-plates  on  this  metal  track  have  been  broken  since  the 
same  has  been  in  service.  The  economical  value  of  the  use  of  metal  track  has  been 
worked  out  by  calculation. 

Wooden  ties. — On  the  guaranteed  system  of  this  railway  impregnated  oak  ties  are 
used  on  all  portions  oyer  which  express  trains  are  run  ;  impregnated  pine  ties  9ire 
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used  at  stutioiiH,  on  side  track.s,  and  on  branch  linos.  The  reuBon  Fur  this  \h  that  the 
terminus  of  the  road  is  on  tiic  Donau  Kiver,  so  that  the  oak  brought  by  water  from 
Hungary  can  bo  bought  at  a  comparatively  low  price.  On  the  supplementary  sys- 
tem of  the  railway,  which  requires  in  addition  the  cost  of  freight  of  oak  ties  to 
Vicuna,  a  distance  of  200  miles,  oak  ties  had  to  bo  abandoned  on  account  of  the  in- 
creased cost,  and  pine  ties  are  therefore  used.  These  conditions,  as  already  stated, 
were  the  cause  of  the  introduction  of  metal  track,  and  at  present,  of  the  total  lengtli 
of  83.70  miles  over  which  express  trains  are  run,  G4.3  percent,  is  laid  with  this  track. 
The  remaining  parts  will  be  renewed  with  metal  in  accordance  with  the  amount  ap- 
])ropriated  for  this  purpose.  These  parts  are  now  laid  with  impregnated  pine  or 
spruce  ties,  but  it  must  be  remarked  that  metal  tie-plates  .4  inch  thick  are  laid  on 
each  new  tie  that  is  put  in  ;  on  curves  of  1,G40  feet  radius,  and  less,  these  plates  have 
a  rib  tittiug  into  a  groove  across  the  tie,  and  the  rail  is  fiisteued  by  bolted  clamps. 
Oak  ties  cost  at  present  (I8do)  about  84.96  cents  each,  not  impregnated;  this  is  in 
consequence  of  the  high  German  duty  on  timber  which  prohibits  its  export,  but  only 
a  few  years  ago  the  price  was  $1.08  per  tie.  Pine  ties,  not  impregnated,  cost  from  38 
to  43  cents  each.  Oak  ties  were  impregnated  with  oil  of  creosote,  on  the  Betliel  pro- 
cess, at  a  cost  of  22  cents  per  tie  ;  chloride  of  zinc,  of  1.5  degrees  Beaum6  density,  by 
the  Burnett  process,  is  now  used  and  costs  17  cents  per  tie.  Pine  ties  are  impregnated 
with  tar  oil  or  creosote  on  the  BIythe  system,  and  partly  with  a_soIution  of  chloride 
of  zinc  of  1.5  degrees  density,  Beaumd,  by  the  Burnett  process,  at  a  cost  of  17.28 
cents  per  tie.  The  life  of  an  impregnated  oak  tie  is  estimated  at  twenty  years,  and 
the  life  of  an  impregnated  pine  tie  at  twelve  years. 

Tlic  following  descrii)tions  of  the  three  classes  of  track  are  from  draw- 
ings furnished  by  Mr.  Hohenegger: 

No.  I. — The  longitudinal  was  of  the  "  Rhenish  "  type  (See  plate  No.  12).  It  was  8 
inches  wide  on  top,  11  inches  over  the  bottom,  2.88  inches  deep  ;  thickness  of  sides 
.3  inch,  and  of  top  table  .32  inch.  The  rails  were  held  by  clamps  bearing  on  the  rail 
flange  and  the  top  of  the  longitudinal,  and  fastened  by  hook  or  L  headed  bolts.  For 
tangents  and  curves  down  to  1,230  feet  radius,  the  rails  and  longitudinals  were  31.98 
to  31.81  feet  long,  the  joints  of  the  former  being  about  40  inches  from  those  of  the 
latter.  The  ends  of  the  longitudinals  rested  on  saddle  plates  riveted  to  the  ends  of  a 
cross-tie  7.87  feet  long,  8  inches  wide  on  top,  and  12.8  inches  wide  on  the  bottom. 
There  were  two  tie  rods  to  each  rail  length.  Foj-  curves  of  1,226.72  to  492  feet  radius, 
the  rails  and  longitudinals  were21. 32  to  21.15  feetlong,  with  a  c(oss-tie  at  the  joints  of 
the  longitudinals  and  two  tie-rods  to  each  rail  length.  The  cross-ties  wore  inclined 
at  the  ends  to  give  the  rails  the  usual  inclination,  and  the  longitudinals  were  fastened 
Ui  them  by  r~  clamps  holding  the  rib.  The  tie-rods  were  .88  inch  diameter,  with  a 
bearing  plate  and  nut  on  the  outer  side  of  the  rail.  The  rail  fastenings  were  placed 
at  intervals  of  about  32  inches  with  the  longer  rails,  and  about  31.6  inches  with  the 
shorter  rails ;  at  the  joints  they  were  closer  together. 

No.  II. — The  longitudinal  was  of  a  section  somewhat  similar  to  the  Hilf  or  the  orig- 
inal '•  Berg-and-Mark"  types  (See  plate  No.  12),  but  with  a  semi-cylindrical  rib  along 
the  middle  of  the  under  side  of  the  top  table.  For  rails  31.98  feet  long,  the  longi- 
tudinals were  15.90  feet  long,  breaking  joint  with  the  rails  by  about  11  inches.  The 
ends  of  the  longitudinals  rested  on  sa<ldle  pieces  fastened  to  cross-ties  7.87  feet  long, 
8  inches  wide  on  top,  10.8  inches  wide  on  the  bottom ;  the  cross-tie  was  horizontal,^ 
but  the  outer  side  of  each  longitudinal  rested  on  a  packing  piece  to  give  it  the  re- 
quired inclination.  The  ballast  was  brought  up  level  with  the  top  of  the  longi- 
tudinals. 

No.  HI.  (See  plate  No.  14.) — The  lougitiulinal  is  of  a  section  similar  to  that  of  the 
"  Bcrg-and-Mnrk  "  cross-tie,  but  has  a  rib  along  each  side  of  the  top  table.     It  is  6.72 
inches  wide  on  top,  12  inches  wide  on  the  bottom,  3  inches  deep,  with  the  sides  ver- 
tical for  1.84  inches  from  the  bottom  ;  the  sides  are  .32  iuch  thick  and  the  top  table  is 
22893— Bull.  4 11 
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.36  inch  thick.  The  faHteniugs,  as  already  deBcribod,  consist  of  bolted  clainpa  bearing 
on  the  flanfje  of  the  rail  and  tho  inclined  face  of  the  rib  of  the  lunj^itiiilinal,  wliilo  at 
rail  joints  the  bolts  pass  tlirough  tho  lower  flange  of  the  out«r  splictj  l):ir,  which  i.sof 
channel  section.  Tho  longitndinals  are  29.43  feet  long,  and  tho  raila  29.52  feet  long. 
The  joints  of  the  rails  :ind  longitudinals  coincide.  The  ends  of  the  latter  rest  npon  a 
saddle  made  of  a  plate  .40  inch  thick,  bent  to  shape  to  fit  the  interior  of  the  longi- 
tudinal, and  bolted  to  the  end  of  an  angle-iron  cross-tie,  6..%  feet  long,  3.2  inches 
wide,  4  inches  deep,  and  .4  inch  thick.  The  saddle  is  W  inches  h)ng  and  17  inches 
wide  ;  tho  top  is  inclined  1  in  IC  to  give  an  inward  inclination  to  the  rail.  The  bolts 
pass  throngh  the  saddle,  longitudinal  and  clamp.  There  are  two  intermediate  cross 
ties,  spaced  9.77  feet  from  each  joint  tie,  center  lo  center;  they  are  of  angle-irons  of 
the  same  size  as  those  at  the  joints,  but  the  saddle  for  the  longitudinal  is  only  4.8 
inches  long.  There  are  three  bolts  on  each  side  of  every  rail  joint ;  the  next  fasten- 
ing is  22.2  inches  away,  center  to  center  and  the  others  are  30.4  inches  apart  center 
to  center.  All  the  nuts  are  fitted  with  nut  locks  ;  the  nut  lock  consists  of  a  square 
flat  plate,  with  a  slit  in  one  side;  the  plate  is  prevented  from  turning  and  when  the 
nut  is  screwed  down  npon  it  the  slit  i>iece  is  bent  up  against  tho  side  of  the  nut, 
thus  preventing  the  nut  from  turning.  The  weight  of  this  track  is  2,791.58  pounds 
per  rail  length,  or  283.72  pounds  per  yard. 

Mr.  Bricka,  iu  his  report  to  the  minister  of  public  works,  France,  in 
1885,  si)eaks  very  favorably  of  this  latter  form  of  track.  The  cost  is 
about  $5.31  per  yard  for  No.  Ill,  $5.22  per  yard  for  No.  II,  $G.GO  per 
yard  for  No.  I,  and  $5.12  per  yard  for  track  on  impregnated  oak  ties. 

Hungarian  State  Railways. — The  following  particulars  were  pre- 
sented by  iMr.  Kowalski  at  the  International  Kailway  Congress  at 
Milan,  Italy,  in  1887 : 

In  1887  there  were  3,000  metal  ties  in  service,  which  had  been  laid  in  1882  and  suc- 
ceeding years  They  were  of  the  *•  Berg-and-Mark  "  type,  with  gib  and  cotter  fasten- 
ings. Up  to  188G  they  were  made  of  wrought-iron,  but  after  that  of  Bessemer  steel. 
The  ties  weighed  108.90  pounds  each,  and  the  fastenings  5.19  pounds  per  set ;  making 
a  total  weight  of  114.09  pounds  per  tie.  Up  to  1886  they  were  employed  only  on  the 
Mountain  division  between  Piski  and  Petroseny,  and  they  Avere  all  laid  on  curves  of 
a  radius  of  less  than  984  feet.  The  speed  of  the  trains  was  from  13.64  to  21.70  miles 
per  hour.  The  track,  was  laid  with  iron  rails  weighing  71.5  pounds  per  yard,  and 
steel  rails  weighing  67  pounds  per  yard.  The  ballast  was  of  broken  stone.  The 
metal  ties  cost  $2.82  each,  and  the  wooden  ties  67^  cents  each.  The  advantages  of 
the  former  were  in  the  simplicity  of  tho  attachments  and  the  stability  of  the  track. 
In  1887  the  company  began  the  work  of  gradually  replacing  wooden  ties  with  metal 
ties  on  curves  of  984  feet  and  under.  The  price  of  oak  ties  was  still  too  low  to  per- 
mit of  the  introduction  of  metal  ties  on  a  large  scale  for  tangents  and  flat  curves,  but 
ne^rtheless,  it  was  proposed  to  substitute  metal  for  wooden  ties  at  switches  and  the 
approaches  to  important  stations,  as  the  former  were  considered  advantageous  for 
such  a  locality. 

Heitzing  and  Pertchtoldsdorf  Steam  Tramway. — TLis  is  a 
standard-gauge  country  tramway,  built  partly  along  the  public  highway 
and  partly  across  country.  It  is  0.43  miles  long;  3.9  miles,  or  CO  per 
cent,  of  its  length,  are  on  roads  and  streets,  and  the  remaining  40  per 
cent,  is  practically  a  light  railway.  Along  the  roads  the  track  is  laid  on 
one  side,  next  to  the  gutter.  The  track  is  on  the  Ilartwich  system,  with 
flange  rails  carried  on  longitudinal  steel  stringers,  connected  at  inter- 
vals by  tie  bars.  The  longitudinals  are  of  a  section  similar  to  that  of 
the  original  "  Berg-and-Mark  "  cross-ties ;  they  are  4.6  inches  wide  ou 
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top, 8.4  inclies  wide  at  the  bottom,  2.4  inches  deep,  with  the  sides  vert, 
ical  for  about  .8  iuch  Iroiu  the  bottom.  The  weight  is  about  28.72 
pounds  per  yard.  At  the  joiuts  the  ends  of  tlie  longitudinals  rest  ou  a 
saddle  piece  of  such  section  as  to  (it  the  interior  of  the  tie.  The  rails 
are  of  flange  section,  4  inches  high,  flange  2.72  inches  wide,  head  1.52 
inches  wide,  with  the  top  table  at  an  angle,  higher  ou  the  outer  than 
ou  the  inner  side;  the  weight  is  about  31  pounds  per  yard.  The  fast- 
enings consist  of  a  riveted  lug  for  the  outer  flange,  and  a  hook  headed 
bolt,  with  clamp  washers,  for  the  inner  flange;  the  heads  of  the  bolts 
are  inside  the  longitudinal.  The  rail  joints  are  spliced  by  straight 
splice  plates.  The  tie-bar  is  5.74  feet  long,  2.4  inches  deep,  .32 
inch  thick ;  it  is  notched  for  the  bottom  of  the  sides  of  the  longitudinal, 
and  at  each  end  is  keyed  a  n  piece  against  which  the  outer  side  of  the 
longitudinal  bears.  In  the  streets  there  is  a  guard  rail  attached  to  the 
longitudinal,  leaving  a  groove  1.20  inches  wide  for  the  wheel  flanges. 
In  streets  the  longitudinals  are  laid  on  stoue  blocks  aud  ballast  is 
filled  in  nearly  up  to  the  underside  of  the  rail-heads.  "In  country  roads 
a  trench  is  dug  for  each  line  of  rail,  broken  stone  laid  for  the  longitu- 
dinals to  rest  on,  and  ballast  then  filled  in  to  the  underside  of  the  rail 
heads,  the  heads  just  projecting  above  the  street  level.  The  engines 
are  ordinary  steam  motors,  boxed  in.  The  older  ones  had  four  wheels, 
all  coupled,  and  weigiied  29,700  pounds.  The  later  engines  have  six 
wheels  and  weigh  39,600  pounds. 

TIES. 
The  Heindl  ties. — The  Bysteni  of  track  with  steel  cross-ties,  invented  by  Mr.  Heindl 
(See  plate  No.  14),  has  already  been  described  as  used  on  the  Austrian  state  railways. 
In  1888  Mr.  Heindl  sent  a  conimunicatiuu  in  relation  to  this  track,  which  had  been 
laid  as  follows,  up  to  the  end  of  1887: 


Yi-ar. 

Xo. 

1883  . 

1 

1883.. 
I88:i 
1883  . 
1883.. 

2 
3 

4 

5i 

1883.. 

cl 

1881.. 
1884.. 

8  \ 

1884.. 

0 

1885.. 

10 

1885.. 

11 

1886.. 
1887.. 
1887.. 

i 
12 
13 
14 

Sido-t 

racks 

Railway. 


Aiistri.iii  state . 


do 

do 

Uavariau  state 

Eoiperor  Ferdinand's  North- 
ern. 
Aussig-Teplitz 


Galician,  Carl-Ludwio 
Austrian  state 


Location. 


Maxi- 
mum 

grade. 


Bieite  nschutTiung- 
Schwaneustadt. 

Ko8t«u  -Dux 

Gry  bow-l'taazkowa 

Landshut-Neuuuniarkt . 
Raigern-DurDkrut 


UUersdorf-Dux . 


Alps  Mouutaiu  Company  . .. 

Austrian  state 

Bavarian  state 


Austrian  state . 
Bavarian  state . 
do 


niai-Bochnia 

Arlberg  Tunnel,  track 

No.  1. 
Leoben-Leegrabcn  ..... 


Arlberg  Tunnel,  track 

No.  2. 
Stockhcim-Ludwigstadl 


Livoric-Knin 

(Renewals) 

(Laying  second  track) 


Total    

Side-tracks  at  stations  on  tbe  Austrian  state  railways 
Grand  tuUxX  at  end  of  1887 


Perot. 
.37 

1.03 

1.80 

1.25 

.01 

.86 

.06 
1.50 

4.12 

1.50 
2.50 
2.00 


Mini- 
mam 
curve. 


Feet. 
1, 869. 60 

931.52 

984.00 

1,148.00 

4,  352. 56 

1,  554. 72 

3, 109. 44 
981.00 

492.00 

081.00 

981.00 

034.80 


Length. 


MiU$. 
.62 


.00 

.17 

1.21 


.02 


.62 
6.63 


.37 


TotaL 


MUea. 


6.63 

19.10 

13.02 
35w34 
31.00 


3.33 


7.02 


26.73 


79.36 
116.04 

24.80 
140.84 
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The  foUowiug  is  the  principal  part  of  Mr.  lleiiidl's  coiumuuication: 

Tli«  hoaviost  traffic  baa  beeu  on  lino  No.  5,  over  which  20,000,000  gross  tons  had 
been  hauled  and  express  trains  had  run  at  a  speed  of  50  miles  per  liour.  The  tralhc 
on  line  No.  G  lias  been  about  the  same.  The  locoujotivos  have  a  weight  ofG  to  7  tons 
per  wheel,  except  on  lines  No.  9  and  No.  12;  the  former  is  a  mountain  lino,  and  the 
latter  is  a  part  of  the  seconilary  railways.  The  cost  of  maintenance  is  greater  than 
that  of  wooden  tics  only  during  the  first  year,  and  afterward  it  becomes  considerablv 
less.  In  1886  the  cost  of  maintenance  of  the  metal  track  on  line  No.  5  was  $104.03 
per  mile,  while  that  of  adjacent  track  on  wooden  ties  was  $266.25  per  mile.  The 
durability  of  the  iron  track  depends  principally  upon  the  construction,  because  with 
a  defective  method  of  attaching  the  rails,  a  mechanical  destruction  and  wear  of  tlie 
track  at  the  fastenings  is  inevitable.  Experience  has  shown  that  a  light  track  with 
such  defective  fastenings  will  scarcely  last  more  than  a  few  years  under  heavy  tratlic. 
With  a  carefullj  constructed  track,  however,  the  durability  of  the  ties  and  attach- 
ments will  be  greater  than  that  of  the  rails,  which  are  directly  exposed  to  the  shocks 
and  wear  from  the  wheels.  The  i)rincipal  conditions  for  a  superstructure  with  metal 
ties  are  as  follows :  First,  sullicient  weight  of  ties  and  rails  to  insuie  stability  ;  and, 
second,  the  use  of  an  efficient  fastening  for  the  rails.  The  ballasting  for  a  track  on 
iron  ties  does  not  require  more  attention  than  that  for  track  with  wooden  ties.  The 
same  kind  of  ballast  can  be  used,  but  care  must  be  taken  to  keep  it  free  from  earthy 
or  clayey  matter.  The  material  tills  the  interior  of  the  tie  and  in  time  forms  a  com- 
pact body  which  adds  considerably  to  the  stability  of  the  track.  With  a  metal  track 
there  is  a  greater  security  in  the  track  and  greater  safety  iu  operation.  The  <lura- 
bility  and  the  avoidance  of  repairs  or  other  work  except  tamping  must  certainly  lead 
to  economical  results  even  if  the  first  cost  be  greater.  A  well-constructed  track  on 
metal  ties  is  so  superior  to  one  on  wooden  ties,  as  regards  safety  for  the  traffic,  that 
an  increased  first  cost  might  well  be  incurred,  especially  for  main  lines  with  heavy 
traffic. 

Whatever  may  be  the  advantages  of  this  system,  it  is  certainly  lack- 
ing in  simplicity,  which  is  a  very  serious  defect,  as  it  must  inevitably 
lead  to  difficulty  in  laying  and  maintaining  track,  unless  well  trained, 
skilled,  and  expensive  labor  is  employed.  As  already  noted,  this  im- 
jwrtant  feature  of  simplicity  is  one  which  as  a  rule  is  apparently  given 
little  attention  in  Europe. 

SUMMARY  OF  METAL  TKACK  FOR  AUSTRIA  AND  HUNGARY. 
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SWITZERLAND. 

General  Remarks. — Metal  track  is  iu  quite  extensive  use  in  this 
country  and  has  been  given  a  thorough  trial  with  eminently  satisfac- 
tory results,  some  of  the  railways  having  now  definitely  adopted  metal 
ties.  At  present  they  are  used  maiidy  on  lines  having  the  heaviest 
traflic,  as  on  these  lines  the  ties  give  greater  security  than  wooden  ties, 
if  they  areof  vsuflficient  weight,  have  well  proportioned  dimensions,  and  if 
tlie  right  means  of  attachment  are  employed.  Another  reason  for  using 
metal  ties  is  that  it  is-  getting  more  difficult  year  by  year  to  obtain  oak 
ties  in  sufficient  quantity. 

Mr.  Bricka,  in  his  report  to  the  minister  of  public  works  (France)  in 
1885,  gives  the  following  statement  of  the  mileage  of  flie  track  of  Swiss 
railways  for  1883  and  1884: 


Year. 

Main 
lines. 
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track. 

Woollen 
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HeUl 
ties. 

1883 

Miles. 

1,  165.  00 
1,  165.  CO 
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1,69.V  08 
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1,6:!.'».08 
1,  58-2. 86 
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02  00 

1884 

114  08 

The  chief  engineer  of  the  Jura,  Berne  and  Lncerne  Railway  sent  me 
in  August,  1889,  the  following  statement  of  the  mileage  of  the  railway 
track  in  Switzerland  to  date: 


Inclnsive 

of  the 

Brnnig  line. 

Exclnsive 

of  the 
Brnnig  line. 

Total  length 

MiUs. 
1,697.65 
1.  777. 54 

Miles. 
1  668.8.1 

1  749.64 

Lcnjrth  of  track  with  : 

1. 973.  46 
397.40 

1  96^.24 

372  31 

Total  length  of  track 

2, 370. 86 

2,339.55 

GoTTHAiiD  Railway. — During  the  first  construction  of  this  cele- 
brated railway,  from  1879  to  1882,  timber  ties  were  used.  In  the  sum- 
mer of  1883  experiments  were  made  with  dillerent  types  of  metal  track. 
These  experiments  led  to  the  adoption  of  metal  ties,  and  in  1884  it  was 
decided  to  use  such  ties  only  in  future;  after  further  experiments  a 
form  of  tie  was  definitely  adopted  in  1887.  (See  i)late  No.  15).  In  the 
original  construction,  the  track  was  laid  With  steel  flange  rails,  weigh- 
ing 73.05  pounds  per  yard,  on  wooden  ties.  The  rails  were  5.2  inches 
high,  with  a  fiange  4.4  inches  wide  and  a  head 2.4  inches  wide;  the  top 
table  was  flat,  with  top  corner  curves  of  .50  inch  radius.  The  ties  were 
8,2  feet  long,  9.0  inches  wide  on  the  bottom,  0.4  inches  wide  on  top,  6 
inches  thick,  the  upper  edges  being  beveled  to  a  depth  of  l.G  inches. 
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The  rail  joints  were  suspended,  and  metal  tie-plates  were  placed  under 
the  rails  at  the  joint  ties  as  well  as  on  some  of  the  intermediate  ties  on 
curves.  These  plates  were  6  inches  long,  7.6  inches  wide,  and  .44-inch 
thick,  with  a  rib  on  the  outer  side.  There  were  tliree  spikes  to  e<ach 
plate;  they  were  of  octagonal  section,  with  hooked  heads,  and  were 
driven  into  holes  bored  through  the  ties.  The  inclination  of  1  in  16  was 
given  to  the  rails  by  adzing  out  a  seat  on  the  tie.  The  joints  were 
spliced  by  angle-bars  and  four  bolts. 

Several  systems  of  metal  track  have  been  tried,  among  them  the  fol- 
lowing: 

(1)  "  Vautherin"  tie,  of  modified  section,  with  heavy  ribs  instead  of 
flanges  on  the  bottom  edges;  4.4  inches  wide  on  top,  7.84  inches  wide 
at  the  bottom  inside  and  9.2  inches  wide  over  the  ribs,  3  inches  deep, 
top  table  .40  inch  thick ;  weight  about  123.2  pounds.  There  were  ten 
ties  to  a  rail  length.  These  were  laid  for  a  length  of  577.28  feet  m  the 
tunnel  and  about  1,968  feet  on  the  line  between  Bellinzona  and  Giubi- 
asco. 

(2)  Hilf  tie;  similar  to  the  "  Berg-and-Mark"  type,  the  lower  part  of 
the  sides  being  vertical;  4.8  inches  wide  on  top,  8.8  inches  wide  on  the 
bottom,  2.4  inches  deep;  top  table  .4 inch  thick;  weight  about  110 
pounds.    These  were  laid  for  a  length  of  2,290  feet. 

(3)  Elilf  tie;  of  similar  section  to  the  above,  but  made  of  mild  steel; 
5.2  inches  wide  on  top,  9.2  inches  wide  on  the  bottom,  2.4  inches  deep, 
with  sides  vertical  for  1  inch  from  the  bottom  ;  top  table  .4  inch  thick 
and  sides  .30  inch ;  weight  about  110  pounds.  These  were  laid  for  a 
length  of  984  feet. 

(4)  Lazartie;  thiswasof  T  section,  with  the  sides  bent  down  slightly; 
10  inches  wide  on  top,  8.8  inches  being  horizontal ;  middle  rib  3.2  inches 
deep,  edges  turned  down  .8  inch ;  weight  134.2  pounds.  These  were 
laid  for  a  length  of  984  feet. 

(5)  Hohenegger  system  of  longitudinals  (See  "Austria  ").  This  track 
was  laid  for  a  length  of  1,040  feet  in  the  tunnel  and  on  the  line  between 
Bellinzona  and  Giubiasco. 

After  these  experiments  a  cross-tie  of  rounded  trough  section  was 
adopted,  with  the  top  table  thickened  by  adding  metal  on  the  upper 
side ;  4.8  inches  wide  on  top,  8.10  inches  wide  inside  at  the  bottom, 
9.330  inches  wide  over  the  ribs,  3.2  inches  deep  ;  corners,  1.0  inches  ra- 
dius; sides  28  inch  thick,  and  toj)  30  inch  thick;  weight,  110.9  pounds. 
In  December,  1889,  Mr.  Bechtle,  the  chief  engineer,  reported  that  there 
were  37.25  miles  laid  with  metal  track. 

The  preliminary  trials,  made  about  1885,  showed  that  with  bad  ballast 
the  maintenance  of  track  with  metal  ties  cost  more  than  tbat  of  track 
on  new  wooden  ties,  but  that  with  good  ballast  the  cost  was  less.  The 
ballast  now  used  is  broken  stone. 

The  type  of  tie  definitely  adopted  in  1887  (See  plate  No.  15)  is  slightly 
modified  from  that  last  described,  but  is  of  varying  width  and  depth, 
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somewhat  resembling  the  "Post"  tie.  At-Hie  rail  seat  it  is  4.6  inches 
wide  ou  top,  8.19G  inches  wide  at  the  bottom  inside,  and  O.IJS  inches 
wide  over  the  ribs ;  3.4  inches  deep ;  thickness  of  top  table  .40  inch, 
and  of  sides  .28  inch  ;  corner  radins,  l.G  inches.  Inside  the  rail  seat  it 
is  of  similar  width,  but  only  3.24  inches  deep,  and  the  top  .32  inch  thick. 
At  the  middle  it  is  of  0  shape,  2.56  inches  wide  inside  near  the  top,  3.46 
inches  wide  inside  at  the  bottom,  5.44  inches  deep.  The  top  table  of 
the  tie  is  horizontal  at  the  middle,  with  a  flat  curve  to  the  rail  seat, 
which  is  inclined  1  in  20,  and  another  flat  curve  from  the  outer  side  of 
the  rail  seat.  At  the  ends  the  top  table  is  bent  down  to  a  radius  of 
.36  inch,  and  the  depth  is  4.8  inches.  The  total  length  of  the  plate  from 
the  bottom  of  one  end  to  that  of  the  other  is  8.53  feet.  The  weight  of 
the  tie  is  127.6  pounds.  The  bolt  holes  are  1.92  inches  by  .84  inch,  with 
rounded  corners,  and  3.72  inches  apart  in  the  clear.  The  rail  fasten- 
ings are  on  the  Ruppel  plan  (See  "  Germany — Prussian  state  railways  "); 
tbe  inner  side  of  the  clamp  bears  on  the  flange  of  the  rail,  the  outer 
side  rests  on  the  tie  and  has  a  lug  fitting  into  the  bolt-hole  in  the  tie ; 
tee-headed  bolts  are  used,  with  the  nuts  screwing  down  on  the  rail 
clamps.  For  a  rail  length  of  26.24  feet  there  are  ten  ties ;  the  joint  ties 
are  spaced  about  11.30  inches  apart  center  to  center,  the  ties  next  to 
the  joints  30.5  inches,  and  the  intermediate  ties  34  inches  apart.  For  a 
rail  length  of  39.36  feet  there  are  fifteen  ties;  the  joint  ties  are  spaced 
about  11.30  inches  apart,  the  ties  next  to  the  joints  29.15  inches,  and  the 
intermediate  ties  about  33.25  inches.  The  cost  of  maintenance,  exclu- 
sive of  renewals,  is  said  to  slightly  exceed  that  of  track  on  wooden  ties. 

Switches  and  crossings  are  laid  on  the  steel  ties.  At  the  heel  of 
the  switch  a  tie  of  extra  size  is  used,  being  8  inches  wide  on  top  and 
11.2  inches  wide  on  the  bottom,  while  the  others  are  4.8  inches  wide 
on  top  and  9.336  inches  on  the  bottom.  With  a  stock  rail  22.96  feet 
long,  and  a  switch  rail  16.40  feet  long,  there  are  eight  ties,  including 
one  at  the  point  and  one  at  the  heel,  spaced  28.52  inches  apart  center 
to  center.  On  these  ties  are  bolted  two  plates  17.38  feet  long  and  18.4 
inches  wide,  one  on  each  side  of  the  track,  and  on  these  are  placed  the 
rails.  Han<l-lever  switch  apparatus  is  bolted  to  a  plate  resting  on  the 
ends  of  two  ties  of  extra  length . 

Mr.  Bricka  states  in  his  report  that  in  1885  metal  ties  were  laid  for  a 
length  of  15.5  miles,  and  ho  gives  the  following  statement  of  the  mile- 
age of  the  track  in  1884 : 

Miles. 

Main  lines 148.S0 

Total  track T 204.60 

Wooden  ties 202.12 

Metal  ties 6,82 

Northeastern  Railway. — Metal  ties  were  first  used  in  1880;  the 
*' Vantherin  "  and  "Berg-and-Mark"  types  were  tried,  and  the  latter 
was  adopted.  I'hey  are  7.87  feet  long,  5.2  inches  wide  on  top,  9.2 
inches  wide  at  the  bottom,  and  3  inches  deep,  with   the  lower  part  of 
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the  sides  vertical  for  l.G  iucUes  from  the  bottom  ;  the  top  table  was  .32 
inch  thick,  with  a  rib  on  the  uiuler  side  l.G  inches  wide,  making  the 
thickness  .44  inch.  The  weight  was  117.7  pounds.  The  ends  were 
closed.  At  the  middle  the  tie  was  horizontal,  but  at  22  inches  from  the 
middle  they  were  bent  up  1  in  IG  for  a  length  of  14  inches  to  form  the 
rail  seat;  thence  the  ends  were  horizontal,  but  higher  than  the  middle 
portion.  The  rail  fastenings  are  of  the  Roth  and-Schuler  type,  as  used 
on  the  Baden  state  railways  (Germany);  a  gauge  washer  on  the  bolt 
takes  the  thrust  of  the  rail,  and  the  clamp  bears  on  the  tie  and  the  rail 
flange.  In  1884  there  were  42,358  ordinary  ties  and  2,512  special  ties 
at  switches;  in  1885,  42,000  ties  were  laid.  A  modified  form  was 
adopted  in  1885;  it  is  of  the  same  type,  length  and  weight,  but  the  top 
table  is  .36  inch  thick  instead  of  .32  inch ;  the  sides  are  rather  thinner, 
and  there  is  a  rib  on  each  bottom  edge.  The  rail  joints  are  spliced  by 
angle-bars  21.20  inches  long,  with  four  bolts.  At  the  joints  the  ties  are 
spaced  24  inches  apart  center  to  center,  32  inches  apart  next  to  the  joints, 
34  inches  spacing  for  intermediate  ties.  These  ties  have  given  good 
results  in  regard  to  maintenance. 

The  ties  used  at  frogs  and  switches  are  of  the  Hilf  section,  similar  to 
the  "  Berg-and-Mark"  type,  but  with  a  longitudinal  middle  rib,  making 
them  of  rn  section.  They  are  7.2  inches  wide  on  top,  12  inches  wide  on  the 
bottom  and  2.4  inches  deep,  the  sides  being  vertical  for  1.2  inches  from 
the  bottom.  The  thickness  averages  .32  inch,  and  the  weight  is  58.5 
]>onnds  per  yard.  Between  the  switch  and  frog,  ordinary  Berg-and- 
Mark  section  ties  are  used,  with  bolt  holes  in  the  top  table,  and 
weighing  about  45  pounds  per  yard.  At  switches  the  ties  are  spaced 
about  30.28  inches  center  to  center.  Under  each  line  of  rail  is  a  plate 
about  18.76  feet  long  and  12.8  inches  wide,  to  which  the  rails  are  bolted 
and  which  is  itself  bolted  to  the  ties;  upon  this  the  switch  rails  move. 
The  two  ties  at  the  point  of  the  switch  are  about  13.12  feet  long,  extend- 
ing outside  the  track  on  one  side  to  hold  the  switch  stand  and  lever. 
At  a  No.  9  frog  there  are  four  ties ;  the  inner  ones,  at  the  frog  point, 
are  spaced  28.56  inches  center  to  center,  and  the  outer  ones  26.60  inches. 
On  these  four  ties  is  a  plate  6.56  feet  long,  and  16.8  inches  wide,  to 
whi(;h  the  rails  are  bolted,  and  which  is  bolted  to  each  tie  by  two  bolts. 

Mr.  Bricka,  in  his  report,  1885,  gives  the  following  statement  of  the 
mileage  of  this  road  for  1884 ;  and  21.08  miles  more  were  laid  in  1885 : 

Miles. 

Mainlines 403. G'^ 

Total  track 596.44 

Wooden  ties 573.50 

Metal  ties 22.94 

Western  and  Simplon  Railway.— Steel  ties  of  the  "Berg-and- 
Mark"  type  and  similar  to  those  in  use  on  the  Elberfeld  division  of  the 
Prussian  State  railways,  were  tried  about  1881.  They  weighed  about 
100  pounds  each.    The  engineers  thought  the  maintenance  expenses 


169 

•  were  greater  at  Grst,  owing  to  the  difficulty  of  ballasting,  bnt  the  track 
was  very  elastic  and  the  riding  easy.  In  188 1  there  were  about  34.10 
miles  laid.  Mr.  Bricka  stated  that  the  introduction  of  metal  ties  had 
reduced  the  prices  of  wooden  ties  as  follows  :  Oak,  reduced  from  $1.20 
or  $1.30  to  90  cents  per  tie ;  larch,  reduced  from  80  or  90  cents  to  60  or 
70  cents  per  tie.  For  rails  19.08  feet  long  the  ties  were  spaced  20.08 
inches  apart,  center  to  center,  at  the  joints,  and  36.38  inches  interme- 
diate. Mr.  Bricka  gave  the  following  statement  of  the  mileage  of  track 
np  to  1884: 

Miles. 

Main  lines 3(58.90 

Total  track 492.28 

Wooden  ties 47:$.  C8 

Metalties..: 18.  GO 

The  type  of  tie  adopted  in  1887  (See  plate  No.  15)  is  of  inverted  trough 
section,  broad  and  shallow  at  the  ends  and  narrow  and  deep  at  the  mid- 
dle, being  of  fish-bellied  shape  in  elevation.  The  cross-section  is  similar 
to  that  of  the  "  Berg-and  Mark  "  type.  The  tie  is  bent  to  a  curve  with 
a  radios  of  49.26  feet  to  give  the  rails  an  inward  inclination.  It  is  7.54 
feet  long  over  all,  9.2  inches  wide  over  all  at  the  ends,  narrowing  to  4.8 
inches  at  the  middle,  and  flaring  out  to  11.2  inches  at  the  extremities ; 
it  is  4.4  inches  deep  at  the  middle,  2.4  inches  deep  for  the  greater  part 
of  its  depth,  and  the  ends  are  curved  down  and  project  below  the  body 
of  the  tie,  being  4  inches  deep.  At  the  rail  seat  it  is  5.2  inches  wide  on 
top,  9.2  inches  wide  at  the  bottom,  2.4  inches  deep,  with  the  sides  verti- 
cal for  1.04  inches  from  the  bottom.  At  the  middle  it  is  of  f\  section, 
with  nearly  vertical  sides  and  round  top  corners ;  it  is  4.8  inches  wide 
at  the  bottom  and  4.4  inches  deep,  with  the  top  flat  for  a  width  of  about 
2.4  inches.  The  thickness  is  .28  inch  at  the  sides,  .36  inch  on  top,  and 
.52  inch  along  the  middle  of  the  top  table,  the  extra  thickness  being 
given  by  a  rib  1.44  inches  wide  on  the  underside  of  the  top.  For  rails 
19.68  feet  long,  the  joint  ties  are  spaced  20.08  inches  apart,  center  to 
center,  and  the  intermediate  ties  36.68  inches  apart.  The  rails  are  of 
flange  section,  secured  by  gib  and  cotter  fastenings.  The  outer  flange 
is  held  by  a  gib ;  the  inner  flange  is  also  held  by  a  gib,  and  a  third  gib 
is  placed  back  to  back'  with  the  second  one  and  the  vertical  cotter 
driven  between  them,  the  object  of  the  third  gib  being  to  increase  the 
bearing  of  the  cotter.  At  each  rail  seat  there  are  two  holes  in  the  tie ; 
the  outer  one  is  1.56  inches  long  at  right  angles  to  the  rail  and  .72  inch 
wide;  the  inner  hole  is  2.624  inches  long  and  .72  inch  wide;  they  are 
3.36  inches  apart  in  the  clear.  The  gibs  are  .GS  inch  thi(!k.  The  colter 
is  5.96  inches  long,  .68  inch  thick,  1.07  inches  wide  at  the  top,  and  .76 
inch  wide  just  above  the  point.  Inner  and  outer  gibs  of  three  different 
widths  are  used  for  the  adjustment  of  the  gauge ;  they  allow  a  widening 
of  .16  to  .64  inch,  and  raised  numbers  on  the  side  enable  them  to  be 
easily  distinguished.  The  gauge  on  tangents,  and  on  curves  of  over 
2,955.8  feet  radius,  is  4.71  feet ;  at  the  ends  of  curves  of  1,315.28  feet  to 
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2,952  feet,  the  inner  rail  is  set  out  to  give  a  gauge  of  4.73  feet,  and  the , 
gauge  on  the  curve  is  4.736  feet,  the  inner  rail  being  again  set  out;  on 
curves  of  500.4  feet  to  1,312  feet  radius,  the  outer  rail  is  set  out  to  give 
a  gauge  of  4.76  at  the  end  of  the  curve,  and  is  set  out  again  to  give  a 
gauge  of  4.762  feet  on  the  curve.  This  method  enables  very  close  ad- 
justments to  be  made,  and  the  gauge  is  accurately  maintained,  but  it 
has  the  disadvantage  of  requiring  the  use  of  several  different  kinds  and 
sizes  of  material  in  track  work,  and  as  the  fastening  of  each  rail  to  each 
tie  requires  four  separate  pieces  (three  gibs  and  one  cotter)  the  result 
is  an  apparant  complication,  especially  on  a  line  having  many  curves, 
where  difterent  sizes  of  gibs  are  required.  On  the  other  hand,  fasten- 
ings used  with  metal  ties  are  expected  to  require  very  much  less  atten- 
tion when  once  in  place  than  fastenings  used  with  wooden  ties,  and 
many  bolt  fastenings  require  a  still  greater  number  of  pieces.  In  track 
work  it  is  always  des.irable  4;o  have  as  few  separate  pieces  and  as  great 
simplicity  as  possible. 

The  following  particulars  are  taken  from  the  company's  book  of  "  In- 
struction for  the  laying  and  ballasting  of  track  having  rails  39.36  feet 
long,"  issued  in  1885 : 

The  gauge  of  the  road  is  4.70  feet  on  wooden  ties  and  4.71  feet  on  metal  ties.  The 
rails  are  of  flange  section,  weighing  6fi.40  pounds  per  yard  ;  they  are  5.08  inches  higli 
with  a  head  2.4  inches  wide  and  a  flange  4  inches  wide;  they  liave  an  inward  incli- 
nation of  1  in  20.  The  joints  are  square  and  suspended,  and  are  spliced  by  fish  plates 
with  four  bolts;  some  of  the  plates  have  a  lug  which  bears  against  the  tie  plate  on 
wooden  ties,  or  against  the  gib  fastening  on  metal  ties,  the  object  being  to  prevent 
creeping  of  the  rails.  Changes  of  grade  are  effected  by  a  vertical  curve  of  3,280  feet 
radius,  giving  a  deflection  of  .32  inch  for  a  rail  length  of  39.36  feet.  The  following 
spacing  of  ties  for  rails  of  this  length  was  adopted  in  1887 :  Wooden  ties  are  spaced 
24.8  inches  apart  at  the  joints,  29.2  and  32.8  inches  next  to  the  joints,  and  36.8  inches 
for  intermediate  ties;  metal  ties  have  the  ties  at  the  joints  spaced  20  inches  apart, 
center  to  center,  the  next  ones  30  and  34.4  inches,  and  the  intermediate  ties  36.8 
inches  apart.  The  width  at  snbgrade  for  single  track  is  16.40  feet.  With  wooden 
ties  the  ballast  is  14.8  inches  deep  at  the  middle,  16.8  inches  deep  at  the  sides,  and 
9.84  feet  wide  on  top  for  single  track;  the  snbgrade  is  crowned,  and  the  surface  of 
the  ballast  is  horizontal,  just  covering  the  ties.  On  curves  the  top  of  the  ballast  is 
given  the  same  slope  as  the  ties  and  on  double  track  on  curves  the  ballast  between 
the  two  tracks  is  rounded  off  to  a  level  with  the  top  of  the  tie  of  the  inner  track 
and  the  top  of  the  rail  of  the  outer  track.  With  metal  ties  the  arrangement  is  simi- 
lar, but  the  ballast  is  shallower,  only  level  with  the  tops  of  the  ties  and  not  covering 
them ;  it  is  only  8.2  feet  wide  on  top  for  single  track.  The  volume  of  ballast  per  yard 
single  track  is  as  follows,the  volume  of  the  ties  being  deducted  where  woodeii  ties 
are  used : 


On  tangRDtn 

On  carves  below  1,968  feet. 


With  wooden 
ties. 


In  April,  1888,  Mr.  Mayer,  chief  engineer  of  permanent  way,  stated 
that  the  laying  of  these  ties  was  commenced  in  1883;  up  to  the  date  of 
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his  letter  52.70  miles  had  been  laid,  and  21.7  miles  were  to  be  laid  during 

1888.  Some  of  the  ties  put  down  in  1883  were  taken  out  in  1888  to  see 
how  they  had  behaved  in  service,  and  they  were  found  to  be  in  excel- 
lent condition.  They  weigli,  he  stated,  96.8  to  90  pounds  each.  The 
track  keeps  in  good  order,  and  the  engineer  was  very  well  satisfied  with 
the  ties.  The  cost  of  maintenance  was  even  more  economical  than  with 
wooden  ties.  It  is  expected  that  these  ties  will  last  twice  or  two  and  a 
half  times  as  long  as  the  best  oak  ties ;  when  rejected  they  will  always 
be  worth  40  to  50  cents  each,  while  rejected  oak  ties  are  not  worth 
more  than  8  to  10  cents  each.  They  are  made  from  mild  steel  plates, 
and  the  railway  pays  $2G.40  per  ton  of  2,200  pounds,  or  $1.1G  per  tie.  An 
oak  tie  costs  $1,  and  the  two  iron  tie-plates  for  the  same  cost  10  cents. 
The  ballast  used  with  the  metal  ties  consists  of  screened  gravel,  not 
too  coarse,  broken  to  pass  through  a  ring  of  1.6  inches  diameter ;  broken 
stone  of  the  same  size  is  also  used. 

At  the  meeting  of  the  International  Eailway  Congress,  at  Paris,  in 

1889,  Mr.  Mayer  presented  the  following  information  r 

Since  1883  metal  ties  have  been  used  in  regular  service,  being  introdnced  gradually 
as  tbe  wooden  ties  necessitate  renewals  The  total  length  of  track  thus  laid  is  as  fol- 
lows: 

Mileg. 

1*883 6.738 

1884 10.7-25 

1885 10.131 

1886 9.512 

1887 13,036 

1888 18.426 

Total  at  end  of  1888 ()8.568 

This  represents  a  total  of  about  126,990  ties  in  the  track.  The  work  is  being  con- 
tinued, and  it  is  intended  to  lay  about  15.5  to  18.6  miles  of  metal  track  per  year. 
Contracts  have  been  made  for  supplies  for  five  years.  This  type  of  track,  as  already 
described,  is  now  adopted  as  the  standard  track  of  the  road.  The  ties  first  used  were 
of  uniform  section  throughout,  but  the  form  adopted  in  1887  is  narrow  and  deep  at 
the  middle  (See  plate  No.  15) ;  the  objects  being  to  give  a  better  hold  on  the  ballast, 
tt>  increase  the  stitTuess  of  the  tie,  and  to  prevent  lateral  motion  of  the  tie.  The  ties 
are  of  mild  strfel,  having  a  resistance  to  breaking  of  56,000  to  65,000  pounds  per 
square  inch.     The  weight  is  99  pounds  per  tie. 

The  maximum  grades  are  2.3  per  cent,  and  the  minimum  radius  of  curves  is  1,148 
feet.  The  traffic  varies  on  diff'erent  parts  of  the  line,  being  from  eight  trains  in  eacli 
direction  per  day,  with  a  maximum  speed  of  28  miles  per  hour,  on  branch  lines,  to 
thirty  trains  in  each  direction  per  day,  with  a  maximum  speed  of  40  miles  per  hour, 
on  the  main  line.  The  heaviest  locomotives  w«igh  about  34  tons,  witli  a  maximum 
load  of  12  tons  on  an  axle,  though  some  of  the  old  four-wheel  tank  engines  still  in 
use  have  a  load  of  13  tons  per  axle.  Up  to  1884  the  rails  were  19.68  feet  long,  with 
seven  ties  to  a  rail  length.  They  are  now  made  39.36  feet  long,  with  thirteen,  or  in 
exceptional  cases  fourteen,  ties  to  a  rail  length.  The  first  cost  of  track  on  new 
wooden  ties  is  about  $47  i)er  rail  length,  or  about  $3..58J  per  yard.  The  first  cost  of 
track  on  steel  ties  is  about  $47.55  per  rail  length,  or  about  $3.62J  per  yard.  The 
current  prices,  on  whicli  those  estimates  wore  made,  were  87  cents  each  for  oak  ties 
and  $1.31  each  for  steel  ties  ($1.16  for  the  tie  and  15  cent's  for  the  fastenings).  The 
cost  of  maintenance  has  not  yet  been  established,  but  reports  for  the  year  ending 
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Febrnary.  1889,  for  twenty-two  nections  of  track  on  steel  (ios  ami  twenty-ono  sections 
of  track  on  wooden  ties,  showed  the  maintenance  expenses  of  tlio  former  to  be 
slightly  less  than  those  of  the  latter.  The  company  has  lound,  and  this  is  tlie  gen- 
eral experience,  that  the  maintenance  expenses  of  track  on  metal  ties  are  dnringthe 
first  two  j'eara  rather  higher  tlian  those  of  track  on  Avoodeu  ties,  but  after  that  time 
they  decrease  considerably  for  the  former.  The  introdnction  of  steel  lies  has  re- 
duced the  price  of  oak  ties  from  $1.25  to  87  cents  each.  A  slight  bnt  Fcarcely  per- 
ceptible metallic  sound  is  heard  when  traveling  over  the  steel  ties.  No  difference  in 
the  wear  of  the  rolling-stock  has  been  noted,  A  few  fastenings  have  been  renewed, 
not  on  account  of  failnre,  but  because  tliey  were  considered  to  be  too  liglit,  and  were 
replaced  with  others  of  stronger  make.  The  durability  of  the  steel  tics  hiis  not  yet 
been  determined,  "but  those  first  put  down  in  188;J  do  not  show  any  wear  or  cutting 
by  the  rail  flange.  Of  tlio  12(5,990  steel  ties  laid,  only  43  have  been  taken  out  on  ac- 
count of  breakage  (0.03386  per  cent.),  while  it  is  estimated  that  with  the  same  num- 
ber of  wooden  ties  the  renewals  would  have  amounted  to  20,000  or  2.^,000  ties  (15.75 
to  19.7  per  cent.). 

Jura,  Berne  and  Luzerne  Railway. — Iron  cross-ties  are  in  use 
on  this  road,  and  the  following  statement  in  regard  to  the  track  was  sent 
to  me  in  August,  1889.  by  the  chief  engineer  : 


Total  Icngtli  of  roail . . 
Lengtli  in  oper.atiou  . . 

Leu^.ti  of  tr.ick: 

Witli  wooden  ties 
Witli  metal  ties  . . 


Total  length  of  track. 


Inclusive  of  the 

Bodeli  and 

Brunig  lines. 


Miles. 


216. 24 
228.  IC 


229.  n 
;w.  04 


262. 35 


Exclusive  of 

the 
Brunig  line- 


22.1.  09 
7.95 


231.04 


The  ties  are  of  iron  and  are  of  a  somewhat  similar  type  to  those  used 
on  the  Gotthard  Railway,  bnt  the  cross  section  at  the  rail-seat  more 
closely  resembles  the  "  Post "  tie  (See  "Holland"),  with  a  rib  on  each  of 
the  lower  edgeS.  The  tie  is  7.87  feet  long ;  at  the  outer  part  of  the  rail- 
seat  it  is  4  inches  wide  on  top,  9.4  inches  wide  over  the  ribs  at  the  bot- 
tom, and  3.56  inches  deep;  at  the  inner  part  of  the  rail-seat  it  is  4,8 
inches  wide  on  top,  9.4  inches  wide  on  the  bottom,  and  2.8  inches  deep ; 
at  the  middle  it  is  of  fl  section,  about  3.5  inches  wide  and  5.3()  inches 
deep.  The  thickness  of  the  sides  is  from  .24  inch  at  the  bottom  to  ,32 
inch  at  the  top ;  the  top  table  is  .28  inch  thick,  except  nt  the  rail-seat, 
where  it  is  .44  inch  thick;  the  ribs  on  the  edges  are  about  .72  inch  deep. 
The  inclination  of  the  rail  seat  is  1  in  20.  The  rails  are  secured  by 
bolted  clamps  on  the  Ruppel  system  (See  plate  No.  ]3),  the  adjustment 
of  the  gauge  being  eflfected  by  the  use  of  different  sets  of  clamps. 

On  the  Delle  and  Basle  line  a  length  of  1.55  miles  has  been  laid  with 
a  rather  difi'erent  form  of  track,  designed  by  Mr.  Bieri,  an  engineer  on 
this  road.  The  rail  rests  on  a  tie-i)Iate  which  gives  it  the  inclination 
of  1  in  20 ;  bolted  clamps  of  i —  shape  hold  the  rail  flange,  but  the 
vertical  leg  does  not  fit  into  the  bolt-hole.    A  hole  in  the  middle  of  the 
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tie-plate  is  over  a  smaller  bole  iu  the  tie,  ami  iuto  these  holes  fits  a 
metal  plug  of  T  seciioii ;  the  width  of  the  projection  of  the  liead  is  dif- 
ferent on  each  side,  the  leg  not  being  in  the  middle,  so  that  by  turning 
the  plug  the  position  of  the  tie-plate,  and  consequently  the  gauge  of 
the  track,  is  altered.  This  is  a  somewhat  similar  plan  to  that  tried  in 
India  by  Sir  Guilford  L.  Molesworth,  consulting  engineer  for  state  rail- 
ways, but  in  that  case  the  plugs  were  used  in  cast-iron  bowls  and  the 
legs  engaged  with  notches  in  the  tie  bars.  On  the  Delle  and  Basle 
line  there  are  twenty-nine  trains  per  day  besides  a  number  of  extra 
trains  (often  one  or  two  per  day)  during  the  mouths  of  busiest  traffic. 

United  Swiss  Railways. — In  August,  1889,  the  chief  engineer 
stated  that  on  this  line,  which  is  16G.1G  miles  long,  1,843  mild  steel  ties 
were  laid  during  1887  and  to  the  end  of  1888.  These  ties  were  similar 
to  those  of  the  Gotthard  IJailway  (See  plate  No.  15).  They  were  manu- 
factured at  the  Good  Hope  Works  and  the  Hoerde  Works,  and  cost 
$28.40  per  2,200  pounds,  or  $1.64  each.  The  ties  are  8.2  feet  long,  and 
are  narrow  and  deep  at  the  middle;  at  the  rail  seat  the  cross-section  is  4.8 
inches  wide  on  top,  9.28  inches  wide  over  the  ribs  on  the  bottom  edges, 
and  3.4  inches  deep;  the  top  corners  have  a  radius  of  1.6  inches,  and 
the  sides  have  an  outward  slope  of  5  to  1;  the  thickness  of  the  top 
table  is  .48  inch  and  of  the  sides  .28  inch.  Inside  the  rail  seat  the 
cross  section  is  similar,  but  only  3.24  inches  deep,  and  the  thickness  of 
the  top  table  is  .32  inch.  At  the  middle  it  is  of  n  section,  2.54  inches 
wide  on  top,  with  top  corner  curves  of  .88  inch  radius ;  depth  5.52 
inches;  width  inside  at  bottom,  3.46  inches.  The  weight  is  127.6  to 
134.2  pounds.  The  bolt  holes  are  .84  inch  square,  with  rounded  corners. 
For  rails  39.36  feet  long,  there  are  fifteen  ties ;  the  joint  ties  are  spaced 
21.6  inches  apart  center  to  center,  the  ties  next  to  the  joints  26.4  inches, 
the  next  30.08  inches,  and  the  intermediate  ties  34.4  inches.  For  rails 
29.52  feet  long  there  are  twelve  ties;  the  joint  ties  are  spaced  21.6 
inches,  the  next  26.4  inches,  the  next  28  inches,  and  the  intermediate 
32.8  inches.  For  rails  19.68  feet  long,  there  are  eight  ties ;  the  joint 
ties  are  spaced  21.6  inches,  the  next  26.8  inches,  the  next  30.8  inches, 
and  the  intermediate  ties  31.4  inches.  The  rail  joints  are  square,  sus- 
pended, and  are  spliced  by  angle  bars  26.8  inches  long,  extending  over 
the  joint  ties  and  having  the  flanges  notched  for  the  rail  clamps  on  the 
ties ;  the  bars  weigh  22.66  pounds  each,  and  have  four  bolts.  The  rail 
fastenings  are  of  the  Roth  and-Schuler  type  (See  plate  No.  13);  the  bolts 
are  .76  inch  diameter,  with  a  round  head  and  a  neck  .8  inch  square ; 
the  gauge  washers  are  1.76  inches  square,  with  a  hole  .8  inch  diameter 
so  i)laced  as  to  be  .28,  .38,  .58,  and  .68  inch  from  the  sides,  allowing  for 
the  adjustment  of  the  gauge  of  the  track.  A  channel-shaped  rail  clamp 
with  an  oval  bolt  hole,  .84  by  1.24  inches,  fits  over  the  washer,  one  leg 
resting  on  the  rail  flange  and  the  other  on  the  tie.  The  bolt  passes 
through  the  tie,  washer,  and  clamp,  and  the  nut  is  screwed  down  on  the 
latter. 
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The eugines  used  have  four  coupled  wheels,  and  weigh  110,000  pouuds. 
The  nuixiuiuui  grades  are  2  per  cent,  and  the  sharpest  curves  are  of 
721.6  to  98-4  feet  radius.  No  experience  had  then  been  acquired  as  to 
the  c6st  of  maintenance ;  the  short  time  of  observation  had  showed  that 
the  wear  of  the  ties  is  small,  but  that  the  wear  of  the  bolts  and  the 
gauge  washers  is  considerable  on  the  sharp  curves  of  721.0  to  984  feet 
radius  with  this  (Uoth  and-Schuler)  system  of  fastening.  The  ballast 
is  of  gravel,  and  is  10  inches  thick  under  the  ties.  The  rails  are  of 
flange  section,  weighing  74.43  pounds  i)er  yard.  The  steel  ties  were 
adopted  because  the  neighboring  roads  have  had  satisfactory  exi)erienee 
with  them,  and  because  the  price  of  oak  ties  rose  while  that  of  steel 
remained  cheap.  It  seemed,  however,  at  the  time  of  writing  (August 
1889),  that  the  price  of  steel  would  also  go  up.  Oak  ties,  7.87  feet  long 
by  9.0  inches  by  0  inches,  cost  about  $1.12  to  $1.20  each,  and  have  an 
average  life  of  seventeen  years.  Larch  (or  tamarack  or  hackmatack) 
ties  of  the  same  dimensions  cost  66  to  80  cents  each,  and  have  an  aver- 
age life  of  ten  years. 

Sw^ss  Central  Eailway. — Metal  ties  were  first  used  about  1880 ; 
they  are  of  the  "Berg  and-Mark"  type  (Germany),  resembling  those 
in  use  on  the  Western  and  Simi)lon  Kailway  (See  plate  No.  15).  They 
are  7.87  feet  long ;  the  first  ones  used  weighed  103.4  pounds  each,  but 
the  later  ones  weigh  118.8  i)ounds.  The  gib  and  cotter  fastenings  are 
used.  The  earlier  ties  were  of  iron,  the  later  ones  are  of  steel.  At  the 
end  of  1884  there  were  over  100,000  ties  in  service,  and  it  was  intended 
to  lay  about  30,000  per  year  until  they  had  been  laid  over  the  entire 
system.  The  engineers  were  well  satisfied  with  the  results  obtained, 
and  they  considered  the  track  more  elastic  than  track  on  wooden  ties. 
The  cotters  are  said  to  keep  tight  and  do  not  wear  the  holes.  At 
switches  heavier  ties  are  used,  with  the  top  table  .52  inch  thick,  the 
purpose  being  to  have  them  strong  enough  not  to  be  broken  by  derail- 
ments, which  occur  more  frequently  at  switches  than  on  the  Oj)en  track. 
The  ballast  is  of  round,  clear  gravel,  and  forms  a  core  in  the  tie.  The 
engineers  have  found  by  experience  that  the  metal  ties  require  a  better 
ballast  than  the  wooden  ties,  but  that  when  well  settled,  and  afterlthe 
first  year  of  maintenance,  one  packing  of  the  ballast  each  year  is  sufld- 
clent  to  keep  the  track  in  good  condition.  Mr.  Bricka,  in  his  report, 
(1885)  gives  the  following  statement  of  the  track  for  1884 : 

Miles. 

Mainline 244.28 

Total  track 403.  G2 

Wooden  ties 333. 5G 

Metal  ties 70.  OG 

Mount  Pilatus  Railway. — This  is  a  rack  railway  up  Mount  Pilatus. 
It  is  about  24  miles  long,  and  has  a  maximum  grade  of  48  per  cent. 
The  rack  is  a  flat  steel  bar  with  teeth  on  each  side,  and  the  driving  or 
spur  wheels  of  the  engines  are  horizontal.  The  track  is  entirely  of 
ipetal,  aud  the  ties  are  bolted  dowa  to  the  masonry  substructure  by 
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bolts  1.08  inch  (.liameter.  The  cross-ties  are  of  channel  section,  inverted  j 
they  are  4  feet  long",  5.0  inches  wide,  and  2^  inches  deep.  The  joint 
ties  are  spaced  15.2  inches  ai)art  and  the  intermediate  ties  4.3  feet.  lu 
the  middle  of  each  tie  is  a  chair  built  up  of  an  inverted  channel  10.2 
inches  wide  and  2.88  inches  deep,  with  an  angle-iron  2.40  by  2.40  inches 
at  each  side,  the  angle-irons  being  riveted  to  the  sides  of  the  chair  and 
the  top  of  the  tie  by  two  rivets  on  each  side.  At  the  joints  the  chairs 
extend  over  the  two  joint  ties,  being  20.8  inches  long.  These  chairs 
carry  aniron  longitudinal  of  approximately  _r\_  section, 8.4 inches  wide, 
4.iuches  deep,  and  on  top  of  this  is  bolted  the  flat  rack  rail,  which  is  5.2 
inches  wide  over  the  teeth  and  1.0  inches  deep,  made  in  sections  0.84 
feet  long.  The  gauge  of  the  track  is  32  inches.  The  rails  are  of  flange 
section,  about  4.8  inches  high,  with  a  head  1.04  inches  wide  and  a  flange 
4  inches  widej  they  are  19.08  feet  long.  The  rail  joints  are  secured  by 
angle-bars  bolted  in  the  usual  way.  The  bars  are  2.72  inches  high,  with 
a  flange  3.2  inches  wide  having  a  rib  on  the  underside  of  the  outer  edge 
of  the  flange.  This  rib  bears  on  the  tie  while  the  flange  bears  on  the 
rail.  Each  angle  bar  is  bolted  to  the  tie  and  extends  over  the  two 
joint  ties;  a  short  angle  bar  fastening  is  used  at  each  intermediate  tie. 
The  rails  and  rack  are  laid  to  break  joint,  so  that  each  rail  has  two 
ties  close  together  at  the  middle.  The  horizontal  curves  have  a  radius 
of  202.4  feet  (about  22  degrees),  the  vertical  curves,  at  changes  of 
grade,  have  a  radius  of  1,040  feet. 

BuRGENSTOCK  IlAiLWAY. — This  is  a  short  rack  railway,  on  the  Abt 
system,  up  the  Burgenstock  mountain.  It  is  operated  by  a  cable,  the 
plant  being  driven  by  electricity  generated  by  water  power  at  a  consid- 
erable distance;  the  rack  gear  is  intended  merely  for  safety,  on  ac- 
count of  the  steep  grade.  The  line  is  3,070.08  feet  long,  with  a  grade 
of  32  per  cent,  for  1,148  feet  from  the  bottom  and  58  per  cent,  for  the 
remainder  of  the  distance.  It  is  the  steepest  railway  in  existence.  At 
the  middle  of  the  line  is  a  curve  000.8  feet  long,  the  tangents  of  which 
form  an  anglo^of  112  degrees.  The  cross-ties  are  angle-irons  about  4.92 
feet  long;  the  vertical  web  is  about  3.2  inches  deep,  and  is  imbedded  in 
musonry  ;  the  horizontal  web  is  about  4.8  inches  wide  and  carries  the 
rails.  The  gauge  is  1  meter.  The  rails  are  of  flange  section,  weighing 
44.25  pounds  per  yard ;  they  are  4.0  inches  high,  with  a  flange  3.90 
inches  wide,  resting  on  a  plate  .20  inch  thick  between  the  rail  and  tie. 
The  rails  are  fastened  by  bolted  clamps,  or  by  bolts  passing  through 
the  rail  flanges.  The  ends  of  the  ties  are  closed  by  riveted  angle- 
irons.  In  the  middle  of  the  track  is  a  rack-rail  of  two  bars,  .8  inch 
thick  and  1.12  inches  apart,  each  bolted  or  riveted  to  an  angle  iron 
bolted  to  the  tie. 
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SUMMARY  OF  METAL  TllACK  FOR  SWITZERLAND. 


Railways. 


Gotthanl 

Northeastern 

Western  and  Siiiiplnn 

Jiirii,  llerno,  and  Luccrue  . 

United  Swiss 

Swiss  Central  (estimated). 

Mount  Pilatus 

Burgenstock 


Total  (cooipilfd  Iruin  returns) 
Actual  total  iu  1889 


Longi- 
tudinals. 


Miks. 


.20 


.25 


Grom- 
ties. 


ilileg. 

37.00 

41.00 

G8.57 

33.04 

1.00 

120. 00 

2.75 

.62 


•SOX  98 


Total. 


Miles. 

37.25 

41.00 

6«.  .^7 

3:1. 04 

1.00 

120.  00 

2.  ?.■> 

.62 


304  23 
39X40 


SPAIN. 

General  Remarks. — In  Spain,  metal  ties  are  in  use  to  a  moderate 
extent,  but  wooden  ties,  either  of  native  fir  or  imported  creosoted  pine, 
are  more  generally  used.  In  October,  1888,  the  following  interesting 
statement  froui  a  Spanish  correspondent  was  published  iu  an  English 
technical  paper: 

Very  large  quautities  of  the  fir  ties  used  by  Spanisb  railways  have  been  derivnl 
from  the  forest  districts  of  Portugal  uortb  of  Oporto,  I  have  latelj'  becMi  visiting 
this  district,  and  find  that  iu  places  where,  twenty-five  years  ago,  fir  trees  of  suffi- 
cient size  for  ties  seemed  innumerable,  there  are  hardly  any  to  be  seen  now  which  could 
be  used  for  that  purpose  within  twenty  years.  Espiuho,  Caminha,  and  Vianna, 
which  are  small  i)orts  from  which  the  ties  used  to  be  shipped,  have  now  scarcely  any 
traffic  of  this  kind  at  all.  Considering  that  Spain  may  require  within  a  compara- 
tively short  period  20,000,000  or  30,000,000  of  ties  for  new  lines,  besides  those  required 
to  replace  decayed  wooden  ties  on  the  existing  lines,  there  can  be  very  little  doubt 
that  steel  ties  will  rapidly  come  into  use  in  this  country. 

The  gentleman  whose  statement  is  quoted  above  wrote  to  nie  in 
January,  1889,  saying  that  the  principal  railway  comjianies  were  still 
using  wooden  ties,  of  which  a  great  number  came  from  the  north  of 
Europe,  and  some  from  the  Landes,  in  France.  Trices  have  not  been 
altered  for  some  years,  but  iu  the  country  large  timber  for  ties  is  very 
scarce.  At  one  time  he  imported  1,000,000  ties  from  Portugal,  but  in 
1887  he  went  over  the  district  where  the  trees  had  been  cut  and  foulid 
that  it  would  be  many  years  before  other  ties  could  be  obtained  from 
there.  In  the  north  of  Spain,  particularly  toward  the  Pyrenees,  oak 
ties  are  still  to  be  had,  but  even  for  the  lines  decided  to  be  constructed 
this  source  of  supply  will  not  be  sufficient.  He  thinks  the  period  is 
fast  approaching  when  metal  ties  will  be  a  necessity.  In  September- 
1889,  the  same  gentleman  stated  in  a  letter  to  the  i)aper  above  men, 
tioned  that  although  a  scarcity  of  wood  for  mining  puri)oses  was  being 
felt  in  Asturias,  woodeu  ties  were  being  sold  in  other  parts  of  the 
country  at  cheaper  rates  than  had  ever  been  known  before. 

The  maximum  life  of  Spanish  pine  ties,  not  creosoted,  is  reported  as 
about  five  years.  Ou  the  Kio  Tinto  Railway,  creosoted  Baltic  ties  are 
found  more  economical,  lasting  teu  or  twelve  years. 
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Duriug  the  discussion  of  a  paper  on  "  Metal  Sleepers  for  Railways,'* 
by  Mr.  E.  Benedict,  read  before  the  Institution  of  Engineers  and  Ship- 
builders, Glasgow,  in  March,  1877,  Mr.  Peter  Stewart  stated  that  he  had 
some  experience  on  a  short  line  in  the  south  of  Spain,  half  of  which,  or 
about  li  miles,  was  laid  with  rectangular  cast-iron  bowls,  with  tic-rods, 
in  sand  ballast.  The  rest  of  the  line  was  laid  with  uucreosoted  wooden 
ties.  In  running  over  the  road  there  was  a  hard  metallic  ringing  sound 
from  the  iron  track.  This  portion  of  the  line  was  very  favorable  as  re- 
garded grades  and  curves,  but  the  difficulty  and  cost  of  general  main- 
tenance were  so  great  that  the  iron  ties  had  to  be  replaced  with  wooden 
ties,  which,  with  ordinary  care,  were  little  affected  by  the  climate,  and 
gave  very  fair  results. 

Much  interest  in  the  subject  of  metal  ties  is  said  to  be  shown  at 
Bilbao,  that  place  being  an  important  center  of  the  iron  industry.  It 
was  hoped  that  the  Northern  Railway  would  adopt  cast-iron  ties,  as  the 
productive  capacity  of  the  iron- works  exceeds  the  demand  for  home 
consumption,  but  so  for  oak  ties  appear  to  be  preferreTl. 

Bilbao  and  Las  Arenas  Railway. — This  line  runs  from  the  port 
of  Bilbao  to  the  town  of  Las  Arenas  at  the  mouth  of  the  river ;  it  is  7.10 
miles  long,  one  meter  gauge ;  minimum  radius  of  curves,  278.8  feet,  and 
360.8  feet  maximum  grade,  1.98  i)er  cent.  The  main  line  and  sidings  are 
laid  with  steel  cross-ties  which  were  put  down  in  June,  1887.  (See  plate 
No.  16.) 

In  a  communication  received  in  May,  1888,  in  regard  to  this  line,  it 
was  stated  to  be  believed  that  these  ties  would  be  cheaper  than  wooden 
ties.  At  first  more  attention  has  to  be  paid  to  such  track  than  that 
laid  on  wooden  ties.  No  difficulty  had  been  experienced  with  the  fast- 
enings. The  gauge  hatl  been  maintained  better  than  is  possible  with 
woodeu  ties.  It  was,  however,  considered  advisable  to  increase  the 
length  of  the  ties  and  to  space  them  more  widely  apart  on  any  exten- 
sions of  the  line.  The  ties  are  of  inverted  trough  section,  being  of  the 
modified  Vautberin  type,  with  a  rib  on  each  of  the  lower  edges.  They 
are  4.92  feet  long,  3.6  inches  wide^on  top,  7.2  inches  wide  at  the  bottom, 
2.4  inches  deep.  The  thickness  of  the  sides  is  .24  inch,  of  the  rib  .52 
inch  ;  the  top  table  is  .26  inch,  but  with  a  rib  on  the  underside  increas- 
ing the  thickness  at  the  middle  to  .32  inch.  The  tie  is  horizontal 
throughout  except  that  the  rail  seats  have  an  inclination  of  1  in  17  for  a 
length  of  6.20  inches,  and  are  then  sloped  down  to  the  normal  level. 
At  each  rail  seat  there  are  two  rectangular  holes,  1.64  inches  long  by 
76  inch  wide,  2.4  inches  apart  in  the  clear.  The  fastenings  are  on  the 
Ruppel  plan  (See  "Germany;  Left-Bank  of  the  Rhine  Railway"),  and 
consist  of  clamps  which  hold  the  rail  tlange  and  have  a  lug  projecting 
downward  and  fitting  into  the  bolt  hole  in  the  tie;  these  clamps  are 
secured  by  tee  headed  bolts,  the  heads  being  inside  the  tie,  and  the  nuts 
screwing  down  on  the  clamps.  The  joint  ties  are  placed  16.48  inches 
apart,  center  to  center,  and  the  intermediate  ties  are  spaced  35.44  inches 
22893--Bull.  4 12 
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apart  on  tangents  and  31.2  inches  on  cnrves.  They  were  manufactured 
at  the  Bochuin  Works,  in  Germany,  and  were  not  painted  or  otherwise 
treated.  The  rails  are  of  flange  section,  weighing  32.16  pounds  per 
yard ;  they  are  3.G  inches  high,  with  a  head  1.6  inches  wide  and  a  flange 
3.8  inches  wide.  The  rail  joints  are  suspended,  and  are  spliced  by 
straight  flsh  plates  of  curved  section,  fastened  by  four  tee-headed  bolts ; 
the  plates  are  14.4  inches  long ;  the  inner  holes  are  4.56  inches  apart, 
center  to  center,  and  the  outer  holes  3.28  inches.  The  ballast  is  of  bro- 
ken stone,  which  becooaes  pulverized.  The  weight  of  the  locomotives 
is  about  20  tons. 

Another  statement,  received  in  January,  1889,  gives  the  following 
particulars : 

The  ties  wore  laid  in  1886  under  the  supervision  of  Don  Adolfo  Ibarreta  ;  they  are 
4.6  feet  long  ou  tangents  and  5.25  feet  long  on  curves,  and  are  spaced  21.6  inches 
apart  on  curves  and  25.6  inches  on  tangents.  They  are  of  mild  steel,  Aveighing  46.2 
pounds  each,  and  cost  about  75  cents  each.  The  ballast  is  of  broken  stone,  of  a  rather 
soft  character ;  it  behaves  well  under  the  ties  if  the  pieces  do  not  exceed  2  inches  in 
size.  The  rails  weigh  34.2  pounds  per  yard.  The  traffic  consists  principally  of  pas- 
senger trains,  and  the  engines,  with  six  wheels,  weigh  about  eighteen  tons.  The 
reason  for  adopting  these  tics  was  that  wooden  ties  have  a  short  life,  owing  to  the 
wet  nature  of  the  ground  ;  they  have  proved  generally  satisfactory,  and  the  bolt 
fastenings  hold  much  better  than  the  spikes  in  wooden  ties.  There  has  been  no  trouble 
from  breakage,  and  no  ditficulty  with  rail  attachments  or  maintenance.  The  ties 
would  have  given  better  satisfaction  if  they  had  been  heavier.  The  steel  ties  are 
considered  to  be  very  well  adapted  for  use  in  wet  climates,  but  track  on  metal  ties 
takes  some  little  time  to  settle  down  to  a  firm  and  permanent  bearing.  Wooden  ties 
would  have  cost  about  50  cents  each,  but  none  have  been  used  on  this  line. 

Almansa,  Valencia  and  Tauragona  Railway. — This  line  is 
251.68  miles  long,  with  a  gauge  of  5  feet  6  inches;  the  gauge  is  uniform 
on  tangents  and  curves.  The  maximum  grade  is  1.55  per  cent.,  and 
the  minimum  radius  of  curves  is  583.84  feet.  Cast-iron  plate  ties  of  the 
DeBergue  system  are  used.  (See  plate  No.  16.)  They  were  laid  be- 
tween Valencia  and  Tarragona  in  1860,  and  in  1873  they  were  laid  on 
the  line  between  Almansa  and  Valencia.  The  traflBc  is  mixed,  ^jrinci- 
pally  freight;  and  the  trains  are  hauled  by  engines  weighing  about  60 
tons,  with  tenders  weighing  25  tons,  in  working  order. 

The  ties  consist  of  cast-iron  plates  arranged  in  pairs  and  connected 
by  tie-bars ;  they  were  made  in  England  and  cost  about  69.6  cents  for 
each  plate  and  50.3  cents  for  each  tie-bar.  No  paint  or  preservative  is 
used.  The  plates  are  laid  34  inches  apart,  center  to  center  of  each  i^air, 
but  the  tie-bars  are  only  put  in  every  alternate  pair.  (This  x)ractice 
was  originally  followed  on  some  of  the  railways  in  India,  but  after  some 
experience  tie-bars  were  put  in  for  every  pair  of  plates.)  The  cost  of 
maintenance  is  about  $3.77  per  mile  per  year,  including  labor  and  ma- 
terial. The  life  of  a  pair  of  plates  and  a  tie-bar  is  twenty  years.  This 
track  is  found  more  economical,  and  the  gauge  is  maintained  better  than 
with  timber  ties.  No  diflficulty  is  experienced  with  maintenance,  and 
breakages  only  occur  where  plates  are  changed  while  trains  are  running. 
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The  climatic  effects  upon  the  metal  ties  are  inappreciable,  but  they  have 
a  material  effect  upon  timber  ties.  The  rails  are  of  Bessemer  steel, 
weighing  63.30  pounds  per  yard,  and  having  suspended  joints  fastened 
by  four  bolts.  They  are  of  flange  section,  4.52  inches  high,  with  a  flange 
3.28  inches  wide,  and  a  head  2.48  inches  wide;  the  liead  is  rounded,  top 
table  4.52  inches  radius,  top  and  bottom  corners  .52  inch  radius,  witli  a 
vertical  strip  about  one  eighth  inch  deep  between  them ;  the  flange  is 
narrow  but  very  thiciv,  the  top  faces  being  at  a  steep  angle.  The  bal- 
last on  single  track  is  10.82  feet  wide  on  the  top,  14.4G  feet  at  the  bot- 
tom ;  the  width  at  subgrade  is  16.9  feet  in  cuts  and  19.68  feet  in  fills. 
In  cuts  there  is  a  ditch  on  each  side  of  the  track  28  inches  wide  on  top, 
5.ii  inches  wide  at  the  bottom,  and  10.92  inches  deep.  The  ballast  is 
16.8  inches  deep,  and  average  1.107  cubic  yards  of  gravel  per  linear 
yard. 

Each  plate  is  rectangular  in  shape,  19.6  inches  long  with  the  rail, 
15.2  inches  wide,  with  rounded  corners.  The  bottom  is  flat,  with  a  shal- 
low rib  along  the  middle,  in  the  direction  of  the  rail,  having  an 
opening  at  the  middle  of  the  tie-bar;  a  lug  on  the  bottom  of  the 
plate  engages  with  a  notch  in  the  top  edge  of  the  tie-bar.  On  the  top  of 
the  plate  are  two  longitudinal  ribs,  with  four  transverse  ribs  between 
them ;  these  transverse  ribs  are  not  so  high  as  the  two  longitudinal  ribs, 
and  are  inclined  so  as  to  give  the  rail  its  inward  inclination.  A  shallow 
rib  runs  round  the  edge  of  the  plate,  and  four  curved  webs  or  fillets 
connect  with  the  longitudinal  ribs.  The  outer  flange  of  the  rail  rests 
against  the  inner  side  of  the  rib,  but  is  not  held  down ;  the  inner  flange 
is  secured  by  a  clamp  which  rests  on  the  plate-rib  and  the  rail  flange  and 
is  fastened  by  a  hooked  t)olt,  the  tie  bar  resting  in  the  loop  and  the  nut 
being  screwed  on  from  the  top,  bearing  on  the  rail-clamp.  Each  plate 
weighs  63.8  pounds.  The  tie-bar  is  6.36  feet  long,  .52  inch  thick,  and 
2.8  inches  deep,  weighing  28.6  pounds.  It  is  placed  edgeways  under 
the  plates,  a  notch  at  each  end  engaging  with  a  lug  on  the  bottom  of 
the  plate  so  as  to  insure  the  accuracy  of  the  gauge,  and  it  is  held  in 
place  by  the  U  bolts. 

SUMMARY  OF  METAL  TRACK  FOR  SPAIN. 
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PORTUGAIi. 

Royal  Railways. — At  the  International  Railway  Congress,  held  at 
Milan,  Italy,  in  1887,  Mr.  Kowalski  stated  that  forty  pieces  of  the  Mac- 
Lellan  system  (See  "  England")  had  been  put  down  as  i«n  experiment, 
but  the  trial  had  been  too  short  for  any  conclusions  to  bo  drawn. 
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ITALY. 

General  Remarks. — The  railways  in  Italy  are  owned  by  the  state, 
but  are  leased  to  operating  companies  under  government  supervision. 
The  railways  are  divided  into  two  main  systems,  the  Adriatic  system 
and  the  Mediterranean  system,  each  operated  by  a  separate  company. 

Metal  ties  have  not  yet  been  introduced  except  in  a  very  small  way 
for  experiments,  as  oak  ties  can  be  obtained  at  a  much  lower  price,  80 
cents  to  $1  each.  It  is  probable  tliat  the  extension  of  the  railway  sys- 
tems and  the  increasing  destruction  of  oak  trees  will  change  this  state 
of  things  eventually,  but  the  time  is  in  tlie  distant  future,  as  the  growth 
of  the  railways  is  not  rapid  or  extensive.  It  was  at  one  time  reported 
that  the  Mediterranean  Kailway  Company  proposed  to  introduce  metal 
ties  upon  one  of  its  divisions,  at  an  estimated  cost  of  about  $115,200, 
but  this  report  has  not  been  confirmed,  and  in  answer  to  an  inquiry  the 
engineer  merely  replied  that  metal  ties  are  not  used.  The  director 
general  of  the  Adriatic  Kailway  Company  stated,  in  May,  1889,  tiiat 
metal  ties  have  not  been  used  on  the  lines  operated  by  that  company ; 
be  stated  further  that  the  use  of  such  ties  is  not  advisable  for  the  pres- 
ent, because  the  difference  in  cost  of  metal  and  wooden  ties  is  consid- 
erable, and  he  does  not  think  they  will  be  adopted  in  the  near  future, 
as  the  Italian  forests  will  furnish  very  good  timber  for  many  years  yet. 

A  few  steel  ties  of  the  type  used  on  the  Northeastern  Uailway,  Eng- 
land, have  been  imported  for  experimental  trial.  The  Italian  Govern- 
ment has  laid  steel  ties  on  about  13  miles  of  the  line  from  Massana  to 
Sahati,  in  Africa,  and  particulars  of  these  will  be  found  under  the 
heading  of  Africa. 

According  to  information  sent  me  in  Maj^,  1888,  by  an  engineer  con- 
nected with  one  of  the  technical  papers  of  Italy,  there  are  a  great  many 
short  old  lines  of  railway,  the  greater  part  of  which  have  been  united 
to  form  four  principal  systems,  lienewals  have  not  been  carried  out  as 
fast  as  was  desirable,  and  therefore  there  were  a  great  number  of  dif- 
ferent tracks,  old  and  new.  In  Maj'^,  1888,  a  commission,  composed  of 
representatives  of  the  more  important  railway  companies,  proposed  to 
the  secretary  of  state  for  public  works  a  new  type  of  track,  to  be 
adopted  gradually  in  renewals.  Its  principal  features  were  as  follows: 
Steel  rails  of  flange  section,  39.36  feet  long,  5.2  inches  high,  4.4  inches 
width  of  flange,  2.56  inches  width  of  head,  .56  inch  thickness  of  web; 
weight,  76.45  pounds  per  yard.  Suspended  joints,  spliced  by  angle-bars 
with  four  bolts.  There  were  to  be  thirteen  or  fourteen  wooden  ties  to 
a  rail  length,  and  the  rails  were  to  be  fastened  by  screws.  Tie-plates 
of  iron,  7.6  inches  by  6  inches  and  7.6  inches  by  7.2  inches,  .6  inch  thick, 
were  also  to  be  used.  This  project  was  examined  by  the  superior  coun- 
cil of  public  works,  which  decided  that  under  existing  circumstances, 
considering  chiefly  the  money  side  of  the  question,  it  was  not  advisable 
to  adopt  a  new  form  of  track. 
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SWEDEN  AND  NORWAY. 

General  Kemarks. — The  only  trial  made  with  metal  tics  in  Sweden 
or  Norway  has  been  for,  a  short  distance  on  the  Swedish  state  rail- 
ways, a  description  of  which  trial  is  given  herewith. 

The  following  general  information  relating  to  the  railways  of  these 
conntries  is  taken  from  a  commnnication  received  in  May,  1888,  from 
Mr.  John  Johnson,  manager  and  engineer  of  the  Swedish  Central  Rail- 
way : 

Timber  ties,  iinpreservcd,  arc  generally  nsed ;  they  are  principally  of  fir,  with  a 
small  proportion  of  oak  in  the  south  of  Sweden  ;  for  standard  gauge  lines  they  are 
8.75  feet  long,  9  inches  wide,  and  ().4  inches  thick  ;  lir  ties  have  an  average  life  of  10 
to  12  years,  and  cost  '27  to  ;{0  cents  each.  The  rails  are  of  steel,  of  tiange  section,  and 
are  of  thoC.  P.  Saudherg  standard  patterns,  weighing  56.5  to  G0.:{6  pounds  per  yard 
for  the  standard  gauge,  and  :J0.10  to  34.2  pounds  per  yard  for  narrow-gauge  lines. 
The  rails  are  fastened  direct  to  the  ties  by  spikes  5.4  inches  long,  and  no  tie-plates 
are  used.  The  rail  joints  are  suspended,  the  Joint  ties  being  placed  only  half  as  far 
apart  as  the  intermediate  ties.  The  rail  joints  are  spliced  by  tvvo  angle-bars  each,  or 
one  straight  and  one  angle  bar.  There  are  nine  ties  to  a  rail  length  of  23.94  feet. 
The  ballast  is  usually  of  gravel,  and  blast-furnace  slag  is  used  where  gravel  is 
scarce;  it  is  laid  flush  with  the  top  of  the  ties,  and  is  12  to  14  inches  deep.  The 
mileage  of  the  railways  in  1888  was  as  follows:  Sweden,  1,547.52  miles  of  govern- 
ment lines  and  3,025.60  miles  of  private  lines;  all  the  former  are  of  standard  gauge 
(4  feet  B^  inches),  but  908.92  miles  of  the  latter  are  of  gauges  varying  from  4  feet  to 
32.08  inches.  There  are  only  1.86  miles  of  double  track.  Norway,  968.44  miles,  of 
which  926.28  miles  are  owned  by  the  government  and  42.16  miles  by  a  private 
company.  The  government  lines  include  324.88  miles  of  standard  gauge  and  601.40 
miles  of  3  feet  6  inches  gauge.  The  private  lines  are  of  standard  gauge.  All  the 
lines  are  single  track. 

Swedish  State  Railways. — In  June,1888,Mr.  Storckeufeldt, assist- 
ant chief  engineer  of  tlie  state  railways,  sent  me  some  information  in 
regard  to  experiments  made  on  a  small  scale  on  this  system  of  railways, 
and  notes  of  these  experiments  were  presented  at  the  International 
Hallway  Congress  held  at  Milan  in  1887.  Up  to  July,  1887,  the  trials 
had  been  in  progress  for  eleven  months.  The  ties  are  of  the  "  Berg- 
and-Mark  "  type.  They  are  placed  for  a  length  of  2,645.6  feet  near  the 
station  at  Akarju;  they  are  on  a  tangent^  with  a  grade  of  1  in  147; 
part  of  the  track  is  in  a  cutting  and  the  remainder  is  on  embankment. 
The  traffic  averages  twenty  freight  and  passenger  trains  per  day ;  of 
these,  four  are  freight  trains  with  an  average  of  forty  cars,  weighing 
610  tons  loaded,  and  sixteen  are  mixed  and  passenger  trains  with  an 
average  of  fourteen  cars,  weighing  264  tons  loaded.  The  speed  varies 
from  30  to  34  miles  per  hour  for  express  trains,  34  miles  per  hour  for 
mixed  trains,  and  25  miles  per  hour  for  freight  trains.  The  weight  of 
locomotive  and  tender  is  about  43  tons. 

The  ties  are  of  iron, of  the  original  *'  Berg-and-Mark  "  type  (see  Plate 
No.  12).  They  are  7.54  feet  long,  5.2  inches  wide  on  top,  9.2  inches 
wide  on  the  bottom,  and  2.4  inches  deep,  with  the  sides  vertical  1  inch 
from  the  bottom.    The  thickness  of  the  sides  is  from  .24  inch  at  the 
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bottom  to  .28  inch  at  tlie  top ;  tbo  top  tabids  ..36  inch  thick,  with  a  rib  in 
the  middle  on  tlie  underside  increasing  Ihe  thickness  to  .52  inch  for  a 
width  of  1.44  inches.  They  are  of  uniform  section  througliout  their 
length.  The  middle  part  is  horizontal  for  a  length  of  3.28  feet,  and  the 
ends  are  bent  up  at  an  angle  of  1  in  20.  The  ends  are  closed  by  bend- 
ing down  the  top  table.  At  each  rail  seat  there  are  two  holes  1.72  by 
.84  inch,  and  3.42  inches  apart  in  the  clear.  The  tie  itself  weighs  95.91 
pounds,  the  attachments  2.61  pounds,  and  the  bolts,  nuts,  and  washer 
2.68  pounds,  making  a  total  weight  of  101.20  pounds  per  tie.  They 
were  manufactured  by  the  Union  Iron  and  Steel  Company,  of  Dort- 
mund, Germany.  The  rails  are  of  steel,  of  flange  section,  and  the 
fastenings  are  bolted  clamps  on  the  Ruppel  plan  (see  Plate  No.  13). 
The  ballast  is  of  poor  quality,  being  composed  of  a  mechanical  mixt- 
ure; 30  per  cent,  of  broken  stone,  27  per  cent,  of  gravel,  38  per  cent, 
of  coarse  sand,  and  5  per  cent,  of  fine  sand,  clay,  and  particles  of  soil. 
The  ballast  is  poor  even  from  a  mineralogical  point  of  view  as  it  con- 
tains among  other  kinds  of  disintegrated  rock  8  to  9  per  cent,  of  burned 
limeslone,  or  the  refuse  from  the  lime  kilns. 

The  metal  ties  were  laid  as  an  experiment  to  test  their  advantages 
under  the  conditions  prevailing  in  this  country.  The  cost  of  track  lay- 
ing and  of  maintenance  were  about  the  same  as  with  wooden  ties.  In 
regard  to  the  durability  of  the  tie  and  the  fastenings  it  was  stated  that 
the  fastenings  of  the  rails  to  the  ties  had  remained  in  good  condition. 
This  track  does  not  appear  to  have  a  bad  eflect  upon  the  rolling  stock  ; 
the  elasticity  of  the  track  is  good,  and  no  complaints  have  been  made 
by  passengers  as  to  any  discomforts  in  traveling  over  it.  While  the 
trials,  up  to  July,  1887,  had  been  satisfactory,  the  following  recom- 
mendations were  made :  The  ties  should  be  a  little  longer  and  deeper, 
as  it  has  been  found  that  they  do  not  ofter  sufficient  stability,  and  the 
track  has  to  be  put  in  condition  as  to  line  and  surface  several  times. 
No  relations  were  established  between  the  price  of  wooden  and  metal 
ties,  on  account  of  the  short  time  since  the  latter  had  been  put  in. 

DENMARK. 

General  Remarks. — In  this  country  there  are  996.34  miles  of  railway 
owned  by  the  state  and  250.40  miles  owned  by  private  companies ;  they 
are  all  of  standard  gauge  and  all  single  track  with  the  exception  of 
27.9  miles.  The  rails  are  of  steel,  of  flange  section ;  on  the  main  lines 
the  weight  is  62.88  pounds  per  yard,  but  on  secondary  lines  it  is  only  44.87 
pounds,  and  on  one  line  it  is  only  35  pounds  per  yard. 

Danish  State  Railways. — April,  1888, 1  received  a  communica- 
tion from  the  general  director  of  state  railways  in  regard  to  experiments 
made  with  metal  ties.  On  the  line  from  Tommerup  to  Assens  (island 
of  Fiona  or  Funen)  there  is  a  length  of  18,1  miles  laid  with  cross-ties  of 
Martin  mild  steel.    The  ties  were  laid  in  1883 -'84,  under  the  supervision 
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of  Mr.  O.  Itoyer,  ongineei*.  On  this  division  34.73  per  cent,  of  the 
length  is  level,  4.95  per  cent,  has  grades  of  1  in  1,()()()  to  1  in  200,  and 
G0.32  per  cent,  has  grades  of  1  in  200  to  1  in  100.  As  to  curves,  73.54 
per  cent,  of  the  length  of  the  division  is  straight,  24.19  per  cent,  on 
curves  of  more  than  1,640  feet  nadius,  and  2.27  per  cent,  on  curves  of 
1,040  feet  radius  and  less.  The  traflQc  consists  of  eight  trains  daily 
(passenger  and  freight).  The  locomotives  weigh  17.9  tons  each,  with 
9  tons  on  the  driving  wheels. 

The  ties  are  of  inverted  trough  section ;  they  are  7.2  feet  long,  3.2 
inches  wide  on  top,  7.2  inches  wide  on  the  Itottom,  and  2.4  iflches  deep, 
with  the  sides  vertical  for  .8  inch  from  the  bottom.  The  thickness  of 
the  sides  and  top  is  .24  incli,  with  a  rib  l.G  inches  wide  on  the  under 
side  of  the  top  table,  increasing  the  thickness  to  .32  inch.  Each  end  is 
closed  by  a  riveted  angle  piece,  and  two  cross  pieces  are  riveted  inside 
at  about  one-third  of  the  length  from  each  end.  The  section  is  uniform 
throughout.  The  ties  are  horizontal  at  the  middle  for  4.26  feet,  then 
inclined  up  at  an  angle  of  1  in  20  for  8  inches  at  the  rail-seat,  and  then 
again  horizontal  for  10  inches  to  the  end.  At  each  rail  seat  there  are 
two  rectangular  holes  1.50  by  .84  inch,  and  3.22  inches  apart  in  the 
clear. 

The  fiistenin^s  are  of  the  Ruppel  plan  (see  Plate  No.  13) ;  they  con- 
sist of  two  clamps  holding  the  sides  of  the  rail  tiange,  and  having  a  lug 
fitting  into  the  hole  in  the  tie.  A  bolt  .70  inch  in  diameter  passes  \\[i 
through  the  tie  and  clamp  and  the  nut  is  screwe<l  down  on  the  clamp. 
The  bolt  has  a  tee-head  .76  by  1.4  inches,  inside  the  tie;  the  part  in  the 
hole  in  the  ties  is  of  circular  section,  but  the  part  in  the  hole  in 
the  clamp  is  rectangular,  .76  by  .96  inch.  The  clamps  are  2.4 
inches  long  and  their  bolt  holes  are  .82  by  1.04  inches.  The  adjustment 
of  gauge  at  curves  is  efl'ectcd  by  the  use  of  clamps  of  different  sizes. 
The  ties  are  manufactured  by  the  Union  Steel  and  Iron  Company,  of 
Dortmund,  Germany ;  they  weigh  53.28  pounds  each  and  cost  $38  per 
2,200  pounds.  They  are  tarred  at  the  works.  The  experience  has 
been  insufficient  for  information  to  be  given  in  regard  to  durability, 
cost  of  maintenance,  and  efficiency  as  compared  with  wooden  ties.  The 
rails  are  of  flange  section,  3.8  inches  high  with  a  head  2.16  inches  wide 
and  a  flange  3.42  inches  wide;  the  weight  is  45  pounds  per  yard.  They 
are  21  feet  long  and  there  are  8  ties  to  a  rail  length,  spaced  18.4  inches 
apart,  center  to  center  at  the  joints  with  the  next  ties  32.52  inches  and 
the  intermediate  ties  34.52  inches  apart.  The  rail  joints  are  square, 
suspended,  and  fastened  by  angle  splice  bars.  The  width  at  subgrade 
is  15.41  feet;  width  over  bottom  of  ballast-bed,  13.45  feet;  the  ballast 
is  8.4  inches  deep  under  the  ties;  at  the  middle  and  ends  it  is  3.2  inches 
deep  over  the  ties,  sloping  down  to  the  rail  flanges.  The  ballast  is  of 
gravel. 

These  metal  ties  were  adopte<l  for  experiment,  and  the  general  re- 
Baits  have  not  been  quite  satisfactory.    There  was  trouble  with  the 
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maintenance,  frequent  lifting:  of  the  track  being  neceasar3\  Breakages 
were  rare  and  occurred  generally  at  the  hole  for  the  outer  bolt  and 
clamp.  The  weight  and  strength  of  the  tie  were  reported  to  be  insuffi- 
cient. When  the  gravel  bed  under  the  ties  is  frozen,  water  is  retained 
in  the  interior  of  the  ties,  and  during  the  passage  of  trains  water  and 
gravel  spurt  through  the  holes  in  the  ties  and  cover  the  rails  and  wheels. 
The  wooden  ties  used  are  of  Pomeranian  fir  (pine),  costing  $G.30  to 
$G.97  per  cubic  meter  in  1888.  They  last  from  eight  to  ten  years.  The 
climate  is  about  the  same  as  in  Germany. 

RUSSIA. 

General  Eemarks. — Metal  ties  have  been  tried  in  this  country  on 
a  very  small  scale.  In  May,  1888,  General  Possiet,  then  minister  of 
ways  and  communications,  stated  that  they  had  only  been  used  to  a 
very  limited  extent  on  two  branch  roads ;  these  were  the  Kursk-Kiev 
road  and  the  Donets  road,  and  even  there  they  had  not  been  sufficiently 
used  to  enable  him  to  give  any  conclusions  respecting  them. 

Mr.  Hugh  Oarlile,  chief  engineer  of  the  Dunaberg-Witepsk  Railway, 
stated  in  February,  1888,  that  good  red  pine  ties,  9  feet  by  10  inches 
by  ti  inches,  would  be  obtained  at  about  40  cents  each.  A  difficulty 
which  would  be  met  with  in  the  part  of  Russia  traversed  by  this  railway 
in  using  metal  ties  would  be  in  repairing  the  track  for  frost  blisters  in 
winter,  which  is  usually  done  by  inserting  wooden  wedges  or  packing 
between  the  rail  and  tie  (''shimming,"  as  it  is  termed  in  American  rail- 
way track- work),  the  wedges  being  spiked  to  the  ties  to  prevent  them 
from  moving. 

Moscow- Kursk  Railway. — Some  metal  ties  were  laid  on  this  line, 
but  were  taken  up  again,  as  they  proved  too  expensive  in  maintenance, 
80  it  is  said ;  their  maintenance  being  more  expensive  than  that  of 
wooden  ties.  In  the  spring  and  fall  seasons  especially  the  cost  of  sur- 
facing was  found  to  be  much  higher  than  with  wooden  ties.  The  cost 
of  iron  being  greater  and  that  of  wood  being  less  in  Russia  than  in 
some  other  European  countries,  it  was  claimed  that  at  the  prices  of 
material  in  1888  the  iron  ties  cost  one  and  a  half  times  as  much  as  oak 
ties  not  treated,  and  two  and  a  half  times  as  much  as  pine  ties  treated 
with  chloride  of  zinc.  The  basis  of  comparison  was  a  life  of  thirty-five 
years  for  iron  ties  weighing  112  pounds,  and  a  life  of  ten  years  for 
treated  and  six  years  for  untreated  wooden  ties.  Conditions  in  Russia, 
liowever,  are  exceptional  as  regards  material  and  labor. 

TURKEY. 

Eastern  Railways. — The  following  particulars  were  presented  by 
Mr.  Kowalski  at  the  International  Railway  Congress,  held  at  Milan, 
Italy,  in  1887 : 

Tlio  h-ack  laid  with  metal  ties  comprised  61.38  miles  on  which  the  ties  were  adopted 
for  regular  service,  and  9.3  miles  ou  which  the  ties  were  laid  for  experiment.  The 
tiea  were  of  mild  steel,  and  were  of  two  types,  viz,  the  original  "Vautheriu"  type, 
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witb  horizontal  flanges  on  the  lower  edges,  and  the  original  "  Berg-and-Mark  "  type 
(see  plate  No.  12).  They  were  7.22  feet  long  ;  the  ends  were  closed  by  riveted  pieces 
or  by  the  bending  of  the  top  table  of  the  tie,  and  the.  rail  fiuitenings  consisted  of 
bolted  clamps.  The  weight  of  fastenings  for  each  tie  was  3.3  pounds  for  the  four 
clamps,  and  3.3  pounds  for  the  four  bolts.  The  "  Vautherin  "  ties  weighed  77  pounds 
each,  and  the  "  Berg-and-Mark  "  ties  83.G  pounds  eacli,  exclusive  of  fastenings.  The 
ties  are  placed  in  cuttings  and  on  embankments,  on  different  kinds  of  ground  and  on 
grades  as  steep  as  1.5  per  cent.  On  47.74  miles  of  the  line  between  Kutchuk-Tchek- 
medje  and  Kouleli-Bourgas,  they  have  been  laid  on  curves  of  1,968  feet  radius  and 
on  tangents  connecting  two  curves;  on  the  remaining  22.94  miles  they  were  laid  on 
tangents  and  on  curves  of  different  radius.  These  lines  have  a  light  traffic,  averag- 
ing for  both  directions  one  to  four  mixed  or  loaded  freight  trains  per  day.  The  sub- 
urban line  from  Constantinople  to  Kutchnck-Tchekmedje  is  an  exception,  having 
nearly  thirty  trains  per  day  in  both  directions.  The  maximum  speed  allowed  is  26 
miles  per  hour.  The  locomotives  have  three  axles  and  weigh  36  tons.  The  track  is 
laid  with  steel  rails  weighing  41.16  miles  per  yard,  having  the  ties  spaced  32  inches, 
center  to  center,  and  iron  rails  weighing  68.5  pounds  per  yard,  having  the  ties  spaced 
3.28  feet,  center  to  center.  The  ballast  is  of  different  materials,  from  fine  sand  to 
broken  stone  ;  the  use  of  metal  ties  has  shown  the  necessity  of  replacing  the  fine  bal- 
last, or  at  least  mixing  it  with  a  coarse  ballast. 

The  experiments  date  from  1879,  when  the  first  600  ties  were  laid ;  since  then  ties 
have  been  laid  as  follows: 


Type. 


Vantherin 

Do 

Do 

Berg-and-Mark 

Do 

Do 

Do 

Do 


Tear. 


1881 
1882 
1883 
1884 
1885 
188C 
1887 


Ties. 


JVb. 
13,300 

7.800 

6,700 
13,400 
31,400 
31,  OUO 
16,  ."WO 

9,3'JO 


With  fine  ballast,  the  maintenance  expenses  are  higher  than  those  with  wooden 
ties ;  but  with  coarse  ballast  the  maintenance  expenses  of  tracks  on  metal  and  wooden 
ties  are  about  equal  (allowance  being  made  for  the  expense  of  renewing  wooden  ties). 
The  trials  with  fine^ ballast  have  also  been  unsatisfactory,  because  with  a  spacing  of 
3.28  feet  between  the  ties  the  resistance  to  lateral  motion  is  too  little  unleos  good  bal- 
last is  used,  preferably  broken  stone.  No  wear  of  the  body  of  the  tie  had  been  ob- 
served, so  that  no  limit  of  the  life  of  the  tie  could  be  determined.  With  a  good  seat 
for  the  rails  the  tracks  with  wooden  or  metal  ties  present  the  same  advantages  as  to 
the  preservation  of  the  rolling-stock,  the  elasticity  of  the  track  and  the  comfort  of 
the  passengers. 

The  company  reported  that  the  intention  was  to  continue  the  use  of  the  "  Berg-and- 
Mark  "  type  of  ties,  if  the  price  could  be  made  suitable.  They  were  not  able  to  estab- 
lish a  relation  between  the  prices  of  wooden  and  metal  ties  to  enable  them  to  decide 
that  the  use  of  the  latter  was  more  advantageous.  They  were  of  the  opinion,  how- 
ever, that  the  use  of  metal  ties  was  not  an  advantage  when  the  net  cost  was  double 
the  cost  of  wooden  ties ;  but,  on  the  other  hand,  they  considered  it  to  be  an  advantage 
to  use  metal  ties  when  the  price  was  only  one  and  a  half  times  that  of  wooden  ties. 
For  the  comparative  calculations  respecting  the  two  forms  of  track,  they  took  pine 
or  beech  ties,  treated  with  chloride  of  zinc,  and  each  provided  with  two  tie-plates; 
they  only  counted  the  value  of  one  of  these  plat>es,  however,  because  they  last  mnch 
longer  than  the  wooden  ties. 
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SUMMARY  OF  METAL  TRACK  FOR  SE(;TI0N  NO.  1. 


Countries. 


England 

France 

Holland 

Belgium 

Gerniauy 

Austria  and  Hungary. 

Switzerland 

Spain 

Portugal 

Italy 

Sweden  and  Norwaj'.. 

Denmark 

Russia 

Turkey  

Total 


Bowls. 


MiUt. 


251.68 


Longi- 
tudinals. 


Jftip*. 


5,224.12 

Of).  56 

.25 


Cross-ties. 


MxU». 
70.00 

52.12 

321.36 

115.50 

3, 562. 52 

56.56 

303. 93 

7.10 

.02 


TotaL 


Miles. 
70.00 

52.12 

329.42 

115.  .50 

a,  786. 64 

122.93 

397. 40 

258.  78 

.02 


251.68 


5, 298.  »9 


.50 
18.10 


70.6? 


4,578.25 


.50 
18.10 


70.68 


10, 222.  09 


Section  2.— AP^RTCA. 

KGYPT. 

General  Remarks. — In  tUis  part  of  ACricii  inetiil  track  lias  bced 
in  service  since  1854.  The  type  of  track  gener.ill.y  nsetl  consists  of  ties 
made  of  a  pair  of  cast-iron  bowls  connected  by  a  transverse  tie-rod. 
This  form  of  tie  was  originally  used  for  a  railway  line  in  Egypt;  the 
greater  part  of  its  length  was  through  the  de.sert,  and  it  answered  very 
well,  as  the  fine  loose  sand  made  a  ballast  especially  adapted  for  this 
type  of  tie.  Now,  however,  this  track  is  unfavorably  considered  by 
the  consulting  engineer  of  the  railway  administratiou,  as  noted  in  the 
following  paragraph.  It  has  been  generally  understood,  however,  that 
wooden  ties  were  not  suitable  for  the  climatic  and  other  conditions 
existing  in  Egypt,  being  destroyed  rapidly  by  the  heat,  by  insects,  and 
by  other  inline nces. 

Egyptian  Railways. — Through  the  courtesy  of  Mr.  George  H. 
Wright,  of  London,  engineer  for  the  railway  administration,  1  am  en- 
abled to  give  the  following  details  of  the  track,  from  a  statement  pre- 
pared from  notes  taken  in  1887.  Mr.  Wright,  in  a  communication 
received  in  August,  1889,  stated  that  wooden  ties  only  are  now  imported 
into  Egypt;  in  his  opinion  they  are  much  to  be  preferred  to  the  iron 
bowl  ties,  as  they  make  a  better  road  and  cost  less  to  maintain.  He 
stated,  however,  that  the  steel  plate  ties  (presumably  of  the  type  used 
on  the  Indian  state  railways)  would  jirobably  prove  better  than  either 
the  wooden  or  bowl  ties. 


Track  of  Egyptian  Railways. 


Lines. 

V 

a 

1 

Track. 

Notes  of  1887. 

Kails. 

Ties, 

DittrietKol. 
Cairo  to  Tanta ....... 

1856 

1835 

1861 

1860 
18S5 
1859 
18<il 
186r> 
1870 

1876 

531 

12J 
8J 

m 

261 

D.H. 

D.  n. 

D.II. 

D.H. 
1).  H. 

Bowls  .... 

..-.do 

....do 

....do 

....do 

37J  miles  iron  rail.i.   old     l>o\vls, 

Tanta  to  KafrZayat 

13}  luilus.Htfol   rails,  new  bowU, 

laid  ill  1887. 
Steel  rails  on  new  bowU,  laid  iu 

1885. 
Kails    iron,  worn,   tics    fair  con- 

dition. 
Do, 

Do. 

Tanta  to  Kafr  Zayat 

12^  I  I).  H. 
OJ  1  1).  H.  , 
6i  ]  I).  H. 
7i     D.  H. 

(5       D.  H. 

^7       D  H. 

1 3       K. 

do 1  Steel  railH  anil  ImwIh,  laid  in  1886. 

..  do Iron  rails,  and  tioH  iu  ifood  ordar. 

....d< 

...do 

...do 

Vantherin 
Wood 

Do. 

Cairo  to  Ueloan  Junction 

Heloan  Line 

Iron  rails  some  wooden  ties. 

Do. 
Some  ties  in  bad  condition. 
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Track  of  Egyptian  Railway8 — Continued. 


Lines. 


District  No.  2. 
Eafr-Zayat  to  Millaha  . 


Kari-Zayat  io  Millaha,  second 
track 

Millaha  to  Sidi  Gabir 


Sidi-Uabir  to  Alexandria 

Sidi-Oabir  to  Alexandria,  sec- 
ond track. 

Millaha  to  Gabbay 

Miliaba  to  Gabbay, second  track 

Gabbay  to  Mcx 

Kosetta  Line 

District  No.  3. 

Tanta  to  Cheibinel-Com 

Tanta  to  Mehallet-Roh 

Tauta  to  Meballet,  second  track 


Mehallet-Roh  to  Samanoud  . . . 


Samanoud  to  Damietta.. . 


Ziftnh  Branch 

Uessonb  Branch.... 
Kafr-Sheik  Branch. 


District  No.  4. 

Benha  to  Zajjazig 

Benha  to  Zaga/.ig,  second  track 

Zagazig  to  Suez  and  docks 


Callioub  to  Zagazig 

Zagazig  to  Mnusoiiralt 

Salhiel  Branch 

District  No.  5. 

Tchad-el-Baroud    to     Boulak- 
Dakrour. 

Bonlak-Dakronr  to  "Wasta 


Wasta  to  Fay oura 

Fayoutu  to  Abouxa . . . 

District  No.  6. 

Wasta  to  Mininh 

Minieli  toMillaiii 

Millaui  to  Assioat 


1834 
1855 

1876 

187C 
1870 

1854 
1855 
18U2 

1875 

1876 


18Cf. 
1857 


1877 


1859 


1869 

1865 
1865 
1875 


18C0 
1870 


1868 


1865 
1865 


1872 
1867 


1868 
1869 


1867 
1870 

1874 


Track. 


67      I).  H. 


57 

i  n 
\  H 

H 

6} 

6J 

J  30, 


21J 

(601 
<39 

I  H 
38 
44 

Ul 

f43 

h 

51 

m 


97 
29i 

:  2i 

>49 


Rails. 


D.  H. 

D.H. 
U.  H. 

D.H. 
D.  H. 

D.  II. 
1).  H. 

D.  II. 

F. 
D.  H. 


D.H. 
D.H. 

D.H. 

D.H. 
D.H. 

D.H. 
D.H. 
D.H. 

F. 

F. 
D.H. 
D.H. 

F. 


D.H. 
D.H. 
D  H. 
D.H. 
D.H. 
I).  H. 
D.  H. 
D.H. 
D  H. 

D.H. 

D.H. 

F 

D.H. 

D.H. 
D.H. 


D.H. 

D.H. 

D.H. 

F. 


Ties. 


Notes  of  1887. 


Bowls 22  miles,  steel  rails,  old  bowls,  laid 

in  1880  '81. 
...do 92  miles,   st«fl    rails,  new  bowls, 

I      laid  in  1882-85. 

Wood Old  woodon  ties  in  good  condition. 

Bowls New  steel  rails  and   bowls,  laid  in 

I      1887. 

...do I  Do. 

- .  .do New  steol  rails  and  bowls,  laid  in 

1885. 

...  do '  A  few  wooden  ties. 

...do I 

...do '  Afew  wooden  tics. 


I  Wood.... 


Bowl 
-  .do 


.do 


Wood... 
Bowls  .. 


Wood.  .. 

...do 

liowls 

Wood 

Vantheviii 
Bowls  .   .. 

...do 

^V"ood 


Bowls 

...do 

...do 

Wood 

Steel 

Bowls 

...do 

Wood 

Vaiitlierin 

Bowls 

Wood 

....do  .... 
Bowls 

....do.... 
....do 


Bowls  . 
...do.. 

...do 

Wood.. 


Extensive  renewals  required. 


In  good  condition. 

New  bowls  laid  to  replace  wood, to 

do  away  with  a  mixed  track. 
1  mile  of  new  rail  and  bowls  l:)id 

in  1«86. 

Bowls  laid  to  replace  wood,  to  do 

away  with  mixed  track. 
Being  relaid  with  iron  bowls. 
171  miles  of  ties,  much  corroded. 
Pine, replacing  old  iron  trough  ties. 
Ties  in  l>ad  coiidition. 


Ties  in  good  condition. 

Tie-bars  too  long. 
y  Bnckled  steel. 


5  miles  must  be  renewed  before 
1889. 


5|  miles  of  new  bowls,  laid  in  1884, 
1886. 


SUMMARY  OF  MILEAGE. 


District. 

Iron  bowls. 

Vantherin 
cross-ties. 

Steel 
plates. 

Wood. 

Total 
metal. 

Total. 

No   1 

157i 

138J 

12Gi 

163i 

132 

129 

7 

3 
42 

!!' 

31 
49 

164} 

1383 

1352 

187 

132 

129 

1674 

No.  2 

180} 

No.  3 .  . 

19 

160i 

No.  4 

4i 

228 

No.  5 

163 

No.  C 

178 

Total 

817i 

35J 

44 

190} 

887 

1,0771 

The  total  length  of  Unea,  Inolading  sidings,  in  1887,  was  1, 228^  miles. 
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Egyptian  Agricultural  Railways.— A  type  of  mctul  track  used 
ou  these  lines  consisted  of  ties  made  of  a  pair  of  wrought  iron  phites 
connected  by  tie  bars.  (See  phite  No.  17.)  The  plates  were  rectangular 
in  sha])e,  18  inches  long,  about  15i  inches  wide,  and  seven  thirty-sec- 
onds of  an  inch  thick.  When  bent  to  shape  each  plate  is  flat  for  its 
whole  length  and  for  a  width  of  about  5^  inches ;  the  sides  are  bent 
down,  flaring  out  to  a  width  of  13  inches  over  all  at  the  bottom,  and  the 
corners  are  bent  in  to  a  width  of  10-|  inches  over  all.  The  depth  is  then 
about  23  inches.  Each  pair  of  plates  is  connected  by  a  transverse  tie- 
bar,  G  feet  2  inches  long,  Ig  inches  deep,  and  three-eighths  inch  thick, 
placed  on  edge ;  it  is  secured  by  a  key  or  cotter  ou  the  inner  and  outer 
side  of  each  plate.  The  keys  are  C  inches  long,  1^  inches  wide  at  the 
ends,  lA  iuches  wide  at  the  middle,  and  three-eighths  inch  thick ;  the 
edge  bearing  against  the  plate  is  beveled  to  the  same  slope  as  the  side 
of  the  plate.  The  holes  in  the  tie  bar  are  1^  inches  long  by  thrte- 
eighths  inch  deep.  The  hole  in  the  outer  side  of  each  plate  is  slightly 
lower  than  the  hole  in  the  inner  side,  so  that  the  top  of  the  plate  is  in- 
clined and  gives  the  rail  the  usual- inward  inclination.  The  track  is  4 
feet  8i  inches  gauge.  The  joint-ties  are  spaced  2  feet  4  inches  apart, 
center  to  center  of  tie-bars,  and  the  intermediate  ties  are  spaced  3  feet 
lir  inches  apart.  The  rails  are  of  flange  section,  weighing  42  pounds 
per  yard;  they  are  3^|  inches  high,  with  a  flange  3^  inches  wide  and  a 
head  2  inches  wide.  The  joints  are  suspended^  and  are  spliced  by  a  j)air 
of  straight,  flat  splice-bars  15  inches  long,  weighing  9.60  pounds  per 
pair;  there  are  four  bolts  three-fourths  inch  diameter,  and  the  weight 
of  the  nuts  and  bolts  is  3.24  pounds  per  set.  The  rail-fastenings  consist 
of  three  clips ;  on  the  outer  side  there  are  two  clips  3  inches  long,  each 
fastened  by  a  rivet  eleveu-sixteentl's  inch  diameter;  on  the  inner  side 
is  a  similar  clip,  secured  by  a  bolt  three-fourths  inch  diameter,  with  a 
_L  head  on  the  under  side  of  the  plate.  The  weight  of  each  tie  complete 
is  GO  pounds.    Th^  average  weight  of  the  track  per  yard  is  140  pounds. 

The  following  is  the  weight  of  material  per  mile  of  single  track  : 

Tons.  Lbs. 

Rails 66     

Ties 47  3-^ 

Splice  plates  and  bolts  with  rails: 

24  feet  long 2  1,170 

21  feet  long 2  1,'J7G 

18feet  long ;{  812 

SuAKiN  Kailway  —During  the  English  campaign  in  Egypt  in  1885, 
a  short  section  of  light  railway  was  laid  near  Suakin  for  military  i)ur- 
poses.  According  to  information  received  from  the  war  office,  the 
track  was  of  the  type  manufactured  by  John  Fowler  &  Co.,  of  Leeds, 
England,  for  portable  and  light  railways.  The  line  had  a  gauge  of 
18  inches.  The  ties  were  of  steel,  3  feet  9  inches  long,  of  shallow  in- 
verted channel  section,  with  a  deep  groove  or  corrugation  lengthwise 
of  the  middle  of  the  tie.    At  each  end  of  the  tie  were  two  brackets, 
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each  secured  by  two  rivets ;  the  outer  iiieces  were  angle  irons,  with  the 
upright  web  inclined  toward  the  rails;  the  inner  pieces  were  made  to 
fit  the  web  and  tlange  of  the  rail.  The, ties  weighed  35  pounds  each, 
complete.  The  rails  were  of  flange  section,  weighing  24  i)ouiius  per 
yard,  and  were  secured  by  oali  keys  or  wedges  driven  between  the  web 
of  the  rail  and  the  outer  angle  bracket.  A  number  of  these  ties  were 
laid,  but  the  line  was  taken  up  at  the  end  of  the  cami)aign,  and  the 
time  during  which  they  were  in  service  was  too  short  for  any  opinion 
to  be  formed  as  to  their  durability. 

AI^GERIA. 

Algerian  Railways  {Paris,  Lyons  and  Mediterranean  Railway). — 
The  Paris,  Lyons  and  Mediterranean  Eailway,  of  France,  which  has  not 
had  success  with  metal  ties  on  its  home  lines  (see  "France")  has  used 
them  with  very  satisfactory  results  on  the  Algerian  lines  which  it  owns. 
These  lines  are  from  Oran  to  Algiers,  2G4.12  miles;  and  from  Phillip- 
ville  to  Constantine,  53.94  miles.  The  conditions,  however,  are  by  no 
means  the  same;  the  burning  climate  of  Africa  causes  the  very  rapid 
destruction  of  wooden  ties,  while  the  metal  ties  stand  very  well  under 
the  comparatively  light  traffic,  and  effect  a  decided  economy  over 
wooden  ties  by  their  greater  durability. 

During  18C7,  1868,  and  1869  between  90,000  and  100,000  (reported  as 
93,762)  iron  ties  of  the  original  "  Vautherin  "  type,  with  short  flanges  on 
the  lower  edges,  were  rolled  at  the  Fraisant  Works  in  France,  and  were 
laid  on  the  Algiers  and  Oran  line.  They  were  7.87  feet  long,  5.2  inches 
and  3.2  inches  wide  on  top  for  joint  and  intermediate  ties  respectively; 
about  7.2  inches  wide  inside  at  the  bottom,  and  10.4  inches  wide  over 
the  flanges,  which  were  1.4  inches  wide  and  .32  inch  thick  ;  the  sides 
and  top  table  were  .18  inch  and  .28  inch  tliick  respectively.  The  ends 
of  the  tie  were  open.  The  Aveight  was  about  77  pounds.  The  rails 
rested  on  tie  plates  which  gave  them  the  required  inward  inclination 
of  1  in  20,  and  were  secured  by  a  gib  and  cotter  fastening ;  there  was  a 
gib  holding  each  side  of  the  rail  flange  with  a  cotter  driven  vertically 
at  the  back  of  the  inner  gib;  the  fastenings  passed  through  the  tie 
plate  and  tie.  The  number  of  renewals  in  seventeen  years  was  3,200, 
caused  principally  by  cracks  due  to  bad  metal  or  impioper  tamping. 
The  cracks  were  generally  in  the  angles,  and  went  fronj  the  ends 
toward  the  rail  seats.  There  was  no  trouble  from  rust,  and  the  expe- 
rience of  these  seventeen  years  was  favorable  to  the  metal  track.  The 
metal  was  of  inferior  quality,  and  the  attachments  of  the  rails  were  de- 
fective. In  1885  there  were  still  91,000  of  these  ties  in  service.  The 
average  age  of  the  ties  in  1885  was  17  years,  and  tbe  total  of  renewals 
during  that  period  was  3^  i)er  cent,  while  the  renewals  of  wooden  ties 
are  about  10  to  12  per  cent,  per  annum.  Owing  to  this  diiference  the 
iron  ties  had  repaid  the  extra  cost  of  establishment  incurred  by  their 
use  (principal  and  interest)  in  the  fifth  year,  and  the  remainder  of  their 
service  was  a  net  gain  in  maintenance.    From  their  state  of  preserva- 
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tion  in  1885  it  was  estimated  that  they  would  give  twenty-five  years  of 
service.  From  this  trial  it  was  concluded  that  metal  ties  behaved  well 
in  the  ballast,  that  they  do  not  rust  or  fail,  and  that  the  few  renewals 
are  due  to  defects  in  the  ties  or  track,  and  not  to  a  short  average  life  of 
the  ties.  They  cost  less  for  maintenance,  but  up  to  the  third  year  it  is 
necessary  to  tamp  the  ballast  and  inspect  the  fastenings  frequently ; 
after  that  the  attention  is  not  required. 

In  1885,  20,000  steel  ties  of  the  "  Hilt"  or  original  "  Berg  and  Mark  " 
type  were  laid.  (See  plate  No.  17).  They  were  manufactured  in  Franco 
by  the  Societe  de  Denain  et  d'Anziu.  These  ties  are  7.5  feet  long,  of  uni- 
form section  throughout;  4.4 inches  wide  on  top,  8.4 inches  wideontLe 
bottom,  2.4  inches  deep,  with  the  sides  vertical  for  1  inch  from  the  bot- 
tom; the  sides  are  .28  inch  thick;  the  top  table  is  .32  inch  thick,  with 
a  rib  on  the  underside  1.44  inches  wide,  making  the  thickness  .52  inch. 
The  weight  is  85  pounds,  or  9C.8  pounds  including  the  fasteniugs.  The 
tie  is  horizontal  for  3  feet  3|  inches  at  the  middle,  and  is  incliued  up- 
wards at  an  angle  of  1  in  20  to  the  ends,  which  are  closed  by  bending 
down  the  top  table  to  a  depth  of  4  inches.  The  rails  are  of  flange 
section  and  rest  directly  on  the  tie.  Gib  and  cotter  fasteniugs  are  used, 
but  a  third  gib  ("guardgib")  is  now  used,  to  increase  the  bearing  area 
at  the  back  of  the  cotter.  The  holes  at  each  rail  seat  are  1.36  inches 
and  2.48  inches  long,  spaced  3.48  inches  apart  in  the  clear.  In  May, 
1887,  35,000  ties  of  the  *'  Vautherin  "  type  were  ordered,  and  in  Feb- 
ruary, 1888,  00,000  steel  ties  were  being  laid. 

Mr.  Mazieres,  the  engineer,  made  a  report  to  Mr.  Bricka  in  1884, 
stating  that  in  spite  of  defects  in  the  earlier  ties  the  general  results  of 
the  track  had  been  satisfactory.  On  the  Algiers  and  Oran  line  not  a 
single  derailment  had  occurred. 

The  following  information  was  presented  at  the  International  Hall- 
way Congress  at  Milan,  Italy,  in  1887,  by  Mr.  Kowalski: 

There  were  08.82  miles  of  inetul  track  in  service,  iucludiug  91,000  iron  ties  of  the 
V.'Mitheriu  type  aud  20,000  steel  ties  of  the  Hilf  typo.  The  fasteniugs  were  of  iron, 
weighing  5.28  pounds  per  tie  for  the  former  and  5.46  pounds  per  tie  for  the  latter, 
making  a  total  weight  per  tie  of  82.28  pounds  aud  100.U8  pounds  respectively.  The 
line  was  principally  on  low  embankments;  there  were  curves  of  1,040  feet  radius  and 
upwards,  long  tangents,  and  grailes  of  2  per  cent.  The  traffic  consisted  of  passenger 
and  freight  trains  running  at  various  speeds;  54,000  trains  had  passed  over  the  Van- 
therin  ties;  the  speeds  varied  from  18.00  to  34  miles  per  hour.  The  engines  weighed 
from  IIO  to  "35  tons.  The  rails  were  of  llauge  section,  of  iron,  weighing  72.4  pounds 
per  yard  for  the  Vautherin  ties,  and  of  steel,  weighing  08.8  pounds  per  yard  for  the 
Hilf  ties.  The  ballast  was  of  river  saml  mixed  with  sand  and  clay  of  poor  quality. 
g  The  steel  tie  cost  about  00  cent-s  more  than  the  wooden  tie.  but  eflected  an  economy 
of  20  cents  in  the  ballast,  a  smaller  amount  being  required.  When  the  track  is  well 
settled  the  work  of  maintenauce  is  about  a  fourth  less  than  with  wooden  ties.  The 
life  of  the  steel  tie  was  estimated  at  treble  that  of  wooden  ties,  but  this  could  not  be 
considered  as  determined.  The  life  of  fastenings  was  about  the  same  for  metal  as  for 
wooden  ties.  As  to  the  elasticity  of  the  track,  the  comfort  of  passengers,  and  the 
effect  on  the  rolling  stock,  these  were  the  same  as  with  wooden  ties.  The  results 
had  been  satisfactory  aud  it  was  intended  to  extend  the  use  of  the  Hilf  steel  tics. 
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B6ne  and  Guelma  Railway.— In  1885  this  road  had  had  in  serv- 
ice for  more  than  two  years  3,500  cross  ties  of  the  Severuc  type  (see 
Belgium),  and  2,500  ties  of  the  Boyenval  Ponsard  type  (see  France]. 

ABYSSINIA. 

Massana  and  Sahati  Railway.— In  May,  1889,  the  state  inspector 
general  of  railways  of  the  Italian  Government  furnished  a  detailed 
statement  in  regard  to  this  line,  which  was  built  by  that  Government 
for  military  purposes,  but  which  has  been  in  operation  for  too  short  a 
time  to  enable  any  conclusions  to  be  drawn  as  to  the  durability  of  the 
track.  The  line  is  14.26  miles  long,  of  3.12  feet  gauge,  with  a  maximum 
grade  of  2.3  per  cent,  and  sharpest  curves  of  328  feet  radius.  It  is  a 
military  line,  with  a  traffic  of  water,  supplies,  and  troops.  The  track 
was  laid  in  March,  1888,  under  the  supervision  of  Mr.  Vernan.  The 
engines  weigh  from  20  to  30  tons.  They  have  four  driving  wheels, 
with  a  weight  of  about  5  tons  in  each  wheel.  The  ties  are  of  stevl,  of 
the  Vautherin  type,  but  without  flanges  on  the  lower  edges,  the  sides 
being  nearly  vertical  for  .40  inch  from  the  bottom.  They  are  4.92  feet 
long,  3.6  inches  wide  on  top,  7.2  inches  wide  at  the  bottom,  and  2.4 
inches  deep.  The  sides  and  top  are  about  .25  inch  thick,  but  a 
rib  on  the  under  side  of  the  top  table  increases  the  thickness  to  .32  inch 
for  a  width  of  1.44  inches.  The  ends  are  closed  by  bending  down  the 
top  table.  The  tie  is  horizontal,  but  at  the  rail  seats  the  top  table  is 
inclined  1  in  20,  to  give  the  rails  the  usual  inward  inclination.  It  is 
bent  on  the  Hosch-Lichthammer  plan  (see  Holland),  the  outer  part  of 
the  rail  seat  sloping  back  to  the  normal  level  of  the  tie.  The  ties 
weigh  39.6  pounds  each.  They  are  not  painted  or  otherwise  treated 
for  protection  against  rust,  etc.  They  were  manufactured  by  Tardy 
&  Benech,  of  Savon  a,  and  the  prices  were  $35  per  ton  for  ties,  $56 
per  ton  for  clamps,  $76  per  ton  for  bolts  and  nuts,  all  delivered  at  Na- 
ples. In  the  track  the  ties  are  spaced  32.8  inches  apart,  center  to  cen- 
ter. The  rail  attachments  are  of  the  Ruppel  type  (see  Germany),  con- 
sisting of  J.-headed  bolts  .64  inch  diameter,  with  clamps  2  inches  wide, 
one  side  of  which  holds  the  rail  flange  and  the  other  bears  on  the  tie, 
having  a  lug  which  fits  into  the  bolt-hole  in  the  tie.  Adjustment  of 
gauge  is  effected  by  the  use  of  clamps  with  different  widths  of  pro- 
jection of  the  lugs.  Two  sizes  of  clamps  are  used  at  each  rail,  and  the 
gauge  on  tangents  and  easy  curves  is  3.12  feet.  By  transi>osing  the 
two  clamps  of  one  rail  the  gauge  is  widened  .24  inch  for  curves  of  984 
to  656  feet  radius,  and  by  transposing  the  two  clamps  of  both  rails  the 
gauge  is  widened  .48  inch  for  curves  of  656  to  460  feet  radius.  At 
each  rail  seat  are  two  holes  1.6  inches  long  by  .72  inch  wide,  spaced 
3.28  inches  apart  in  the  clear.  The  rails  are  of  flange  section,  4  inches 
high,  with  a  flange  3.2  inches  wide  and  a  head  2  inches  wide.  The 
weight  is  46.26  pounds  per  yard.  The  joints  are  suspended  and  are 
spliced  by  plain  bars.    The  ballast  is  of  broken  stone  or  gravel  14 
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inches  deep,  with  the  top  level  with  the  under  side  of  the  rail  heads. 
The  passage  of  the  first  trains  packs  the  ballast  well  into  the  ties.  The 
width  at  subgrade,  for  single  track,  is  11.48  feet.  These  ties  were 
adopted  on  account  of  the  short  life  of  wooden  ties  in  the  tropical  cli. 
mate.  The  general  results  have  been  satisfactory.  The  system  is  very 
simple,  the  track  is  easily  laid,  and  maintenance,  renewals,  alignment, 
etc.,  are  easily  eflected.  For  surfacing,  whenever  depressions  occur  the 
track  can  readily  be  elevated  by  tamping  gravel  under  the  ties.  The 
gauge  also  is  always  accurately  maintained,  while  with  the  wooden 
ties  spreading  of  the  rails  occurs  on  curves  of  short  radius.  Wooden 
ties  would  have  cost  60  cents  each  at  Naples. 

SOUTH   AFRICA. 

O 

(.Portuguese  territory.) 

Delagoa  Bay  and  East  African  Railway. — This  line  runs  in- 
land from  the  port  of  Lourenco  Marques,  or  Delagoa  Bay,  to  the  bound- 
ary between  the  Portuguese  territory  and  the  Transvaal,  a  distance  of 
50.22  miles.  A  report  from  Mr.  Thomas  Rumball,  of  London,  the  con- 
sulting engineer,  in  April,  1889,  stated  that  42.16  miles  were  then  laid 
with  steel  cross-ties  and  the  remainder  with  wooden  ties;  the  reason 
for  this  was  that  the  manufacturers  could  not  keep  up  the  supply  of 
steel  ties,  and  as  the  contract  required  the  completion  of  the  road  within 
a  certain  time  wood  had  to  be  used.  An  extension  of  5.58  miles,  how- 
ever, was  then  being  laid  with  steel  ties.  The  track  was  laid  between 
April  and  November,  1887,  under  the  superintendence  of  Mr.  A.  B.  Kum- 
ball.  The  steepest  grade  is  1  in  40,  and  the  sharpest  curve  is  1,320  feet 
radius.  There  are  comparatively  few  curves,  45.20  miles  of  the  line  be- 
ing straight  and  only  4.96  miles  on  curves.  The  gauge  is  3  feet  6  inches. 
The  locomotives  are  six- wheel  "bogi"  tank-engines  {i.  e.,  with  trucks), 
weighing  33  tons  in  full  working  order,  and  having  a  weight  of  10  tons 
on  the  driving  wheels,  The  freight  consists  of  gold-crushing  and  other 
machinery,  colonial  produce,  hides,  etc. 

The  ties  are  of  similar  type  to  those  adopted  for  the  Indian  state 
railways.  They  are  6  feet  long  ov^er  all,  horizontal  in  the  middle,  bent 
up  at  the  rail  seats  to  give  the  rails  an  inward  inclination,  and  have  the 
ends  curved  down  and  flared  out  to  a  width  of  13  inches  (see  Plate  No. 
17).  At  the  middle  the  sides  are  vertical  and  the  top  is  arched ;  at  this 
point  the  tie  is  8^  inches  wide  at  the  bottom  and  5  inches  deep ;  the 
sides  are  eleven-sixtyfourths  inch  thick,  and  the  top  is  slightly  thicker 
for  a  width  of  4^  inches,  the  extra  thickness  being  added  on  the  upper 
side.  At  the  rail  seat  it  is  flat  for  a  width  of  4 J  inches  on  top,  9 J  inches 
wide  at  the  bottom,  and  4^  inches  deep ;  the  sides  are  slightly  curved 
and  flare  outward;  the  sides  are  one-fourth  inch  thick  and  the  topis 
seven  sixteenths  inch  thick,  the  extra  thickness  being  added  on  the  upper 
side  for  a  width  of  4^  inches  and  on  the  lower  side  for  a  width  of  4 
22893— Bull.  4 13 
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inches.  There  is  a  clip  3  inches  long  stamped  out  of  the  top  table  of  the 
tie  for  each  side  of  each  rail,  and  the  taper  steel  split  keys  are  driven 
between  the  outer  clips  and  the  rail  flanges.  The  ties  are  of  steel, 
weighing  70  pounds  each,  and  the  keys  weigh  1|  pounds  per  pair.  The 
joint  ties  are  spaced  2  feet  apart,  center  to  center,  and  the  intermediate 
ties  are  spaced  3  feet  3  inches  apart.  They  were  manufactured  bj^  the 
Moss  Bay  Hematite  Company,  of  Workington,  Cumberland,  England, 
and  cost  90  cents  each  at  the  works.  The  ties  are  dipped  in  a  boiliug 
solution  of  Dr.  Angus  Smith's  composition,  and  the  keys  are  dipped  in 
boiling  linseed  oil.  An  improvement  in  these  ties  has  been  patented  by 
Mr.  H.  Law. 

The  rails  are  of  flange  section,  weighing  56  pounds  per  yard;  they 
are  4  inches  high,  and  4  inches  wide  over  the  flange;  the  joints  are  sus- 
pended and  are  spliced  in  the  usual  way.  The  road  is  ballasted  with 
sand  and  broken  stone ;  the  ties  are  considered  to  be  better  adapted 
for  sand,  as  the  ballast  packs  well  into  the  tie.  The  durability  of  the 
ties  had  hardly  been  tested,  as  the  road  had  only  been  open  for  about 
two  years  at  the  time  of  Mr.  Rumball's  communication,  but  it  is  confi- 
dently expected  that  they  will  not  require  renewal  for  thirty  years. 
The  cost  of  maintenance  can  only  be  arrived  at  so  very  approximately 
as  to  be  of  no  value,  since  the  line  has  been  subject  to  severe  floods.  The 
labor  for  track-laying  was  entirely  unskilled,  but  it  was  found  in  prac- 
tice that  the  Kaffirs  ver}^  quickly  got  into  the  way  of  "  threading"  the 
ties  on  the  rails.  The  steel  ties  were  adopted  on  account  of  timber-ties 
being  eaten  away  by  the  white  ants  in  a  short  time.  They  are  very  sat- 
isfactory, and  the  running  over  them  is  very  smooth.  The  engineer 
thinks  that  in  a  country  like  Africa  steel  ties  should  be  used  in  prefer- 
ence to  wood. 

CAPE  coLoirr. 

Cape  Government  Railways.— These  lines  aggregate  1,523.75 
miles  in  length.  They  are  of  3  feet  0  inches  gauge,  and  have  maximum 
grades  of  1  in  40  and  minimum  curves  of  400  feet  radius.  The  follow- 
ing particulars  in  regard  to  the  track  are  abstracted  from  a  paper  by 
Mr.  Wm.  Geo.  Brounger,  presented  to  the  Institution  of  Civil  Engi- 
neers (London)  in  1885.  (Proceedings ;  Vol.  LXXXI ;  session  1884-'85 ; 
Part  III.) 

Steel  rails  of  flange  section  are  used  weighing  45  and  60  poinida  per  yard,  with 
suspended  spliced  joints,  and  spiked  or  bolted  to  creosoted  Baltic  ties,  7  feet  by  9 
inches  by  4^  inches  for  the  lighter  rails,  and  7  feet  by  10  inches  by  5  inches  for  the 
heavier  rails.  With  a  view  to  check  the  tendency  to  spread  of  gauge  round  the  sharp 
curves  of  the  Hex  River  Mountain,  on  the  Western  division,  bowl  ties  of  Livesey's 
pattern  were  ordered  for  a  few  miles  for  the  sake  of  the  wrought-iron  tie-bar,  all  the 
different  kinds  of  fastenings  employed  being  found  to  yield  in  the  case  of  wooden 
ties,  even  where  hard  wood  was  used,  though  the  latter  checks  the  tendency  to  some 
extent.  This  piece  of  track  has  answered  well  under  a  trying  traffic.  Most  of  the 
ties  were  of  cast-iron,  but  a  length  of  1  mile  was  laid  with  wrought-iron.  Of  the 
latter  not  a  single  tie  bad  to  be  replaced,  but  many  of  the  former  were  broken  during 
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the  process  of  packing.  Inconsequence  of  the  difficulty  and  uncertainty  in  obtain- 
ing wooden-  ties,  the  increase  of  tlieir  price,  and  the  delay  in  procuring  them,  it  was 
decided  to  try  iron  ties  on  a  more  considerable  scale,  and  36^  miles  of  wrought-iron 
trough  ties  and  73^  miles  of  wrought-iron  bowls,  both  of  Livesey's patterns,  had  been 
laid  down.  They  had  only  been  recently  laid,  so  that  little  could  be  said  as  to  the 
results,  but  the  following  particulars  were  given : 

First.  Both  types  require  careful  packing.  In  the  case  of  the  bowls,  if  this  is  not 
done,  they  are  apt  to  get  out  of  level  transversely,  and  the  result  is  a  cant,  which 
throws  the  line  out  of  gauge. 

Second.  Special  care  is  essential  in  the  manufactureof  both  kinds,  particularly  in 
the  fixing  of  the  jaws,  otherwise  the  gauge  is  aflFected. 

Where  irregularity  occurs  in  the  spacing  of  the  holes  in  the  bars,  adjustment  of 
gauge  on  curves  is  given  with  bowls  by  placing  the  cotter  on  the  inner  side,  instead  of 
the  outer  side,  of  the  bowls ;  on  sharp  curves  this  may  be  done  with  both  bowls.  With 
the  iron  trough  ties  it  is  desirable  that  special  ones  should  be  provided  for  sharp  curves, 
with  allowance  for  slack,  such  ties  having  unmistakably  distinctive  marks  to  pre- 
vent confusion,  or  otherwise  some  safe  means  of  adjusting  the  jaws  for  gauge. 

[The  use  of  special  ties  for  curves  is  not  to  be  recommended,  as  it  is  probable  that 
the  right  ones  will  not  be  at  hand  when  wanted,  and  they  complicate  the  track-lay- 
'ng.  There  are  better  means  of  adjusting  the  gauge  by  means  of  the  fastenings. — E. 
E.  R.  T.] 

Third.  More  care  is  requisite  as  regards  ballast,  and  this  has  been  a  source  of 
trouble.  It  is  undesirable  that  the  ballast  should  be  coarse  for  these  ties,  but  it  is 
often  difficult  to  obain  it  fine,  it  being  sometimes  necessary  to  use  broken  stone  for 
top  .Ts  well  as  bottom  ballast. 

Various  kinds  of  timber  have  been  tried  in  order  to  test  their  durability  as  ties. 
Some  varieties  from  colonial  forests  have  given  favorable  results,  but  their  cost  has 
been  prohibitory.  A  species  of  timber  from  Madagascar  proved  durable,  but  its  ex- 
port was  attended  with  difficulty.  The  timber  which  has  hitherto  proved  the  most 
durable  is  that  of  the  camphor  tree,  which  has  been  taken  up  after  being  in  the 
ground  for  twenty  years,  without  any  preparation,  and  found  perfectly  sound  through 
heart  and  sap  wood.  The  Government,  therefore,  decided  to  make  plantations  of 
this  tree,  which,  under  favorable  conditions,  attains  a  large  size  in  the  Colony, 

The  following  particulars  are  from  a  communication  received  in  De- 
cember, 1889,  from  Mr.  H.  C.  Litchfield,  and  referred  to  the  Junction  or 
Hanover  line,  built  in  1883-'84: 

The  Hanover  line  is,  approximately,  an  east  and  west  line,  over  an  open,  treeless  and 
bushless,  undulating  country,  300  miles  from  the  coast,  and  with  an  average  elevation 
of  4,500  feet  above  sea-level,  crossing  at  right  angles  the  main  streams  flowing  north- 
wards to  the  Orange  River.  It  is  about  70  miles  in  length,  with  maximum  grades  of 
1.25  per  cent.,  and  sharpest  curves  of  8'^  40'.  The  ties  were  spaced  2  feet  at  the  (all 
opposite)  joints,  the  intermediate  ones  being  spaced  (to  the  nearest  inch)  2  feet  9 
inches  lor  wooden  ties,  2  feet  5  inches  for  iron  trough  ties,  and  3  feet  2  inches  for  bowl 
ties.  The  wooden  ties  were  all  7  feet  long,  and  of  two  sections,  the  heavy  being  10 
by  5  inches  and  the  light  9  by  4^  inches;  they  were  all  imported  Baltic  red  fir  creo- 
soted  with  not  less  than  10  pounds  per  cubic  foot  of  timber  of  the  best  creosote  oil, 
weighing  not  more  than  10  pounds  per  gallon.  The  weight  of  each  heavy  tie  when 
dry  was  110  pounds,  or  80  tons  per  mile.  The  rails  were  fastened  by  spikes.  The 
weight  of  the  iron  trough  tie  wasCkif  pounds,  or  68.1  pounds  with  the  keys.  The 
weight  of  a  pair  of  bowls  was 74  pounds,  and  of  the  tie-bar  12  pounds;  the  weight 
complete,  with  the  keys,  gibs,  and  cotters,  was  88.27  pounds  per  tie.  The  weights 
per  mile  of  these  two  kinds  were  62  and  62.21  tons,  respectively.  The  prices  in  1883- 
'84,  landed  at  the  nearest  port,  Port  Elizabeth,  were  f  1.32,  $1.84,  and  $2.26  each, 
respectively,  or$2,608  (including  spikes),  $3,833,  and  $3,625  per  mile.    Steel  rails  were 
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then  $35  per  ton,  free  on  board,  and  freight  to  South  Africa  about  $6.25  per  ton.  The 
rails  were  mainly  24  feet  long,  and  23  feet  10  inches  long  for  curves ;  none  were 
longer  than  24  feet.  With  regard  to  the  bowl  ties,  on  tangents  the  gibs  were  placed 
inside,  and  the  cotters  outside,  of  the  track,  giving  a  gauge  of  3  feet  G  inches 
on  flat  curves  one  gib  was  placed  outside,  giving  a  gauge  of  3  feet  6J  inches,  and  on 
sharp  curves  both  gibs  were  placed  outside,  to  give  a  slack  gauge  of  3  I'eet  6^  inches. 
In  order  to  insure  the  bowls  being  packed,  a  mound  or  hillock  of  ballast  was  first 
made  for  each  to  rest  upon;  when  the  ties  were  placed  in  position  a  rail  was  laid  in 
and  keyed  up  on  one  side  of  the  track  first,  and  the  opposite  rail  put  in  and  keyed 
np  afterward.  The  large  lug  of  the  bowls  was  tapered  to  suit  the  corrugated  key, 
and  the  key  was  driven  by  the  right  hand  of  a  man  standing  between  the  rails,  so 
that  all  keys  on  the  left  hand  rails  pointed  backwards,  and  those  on  the  right  hand 
rails  pointed  forwards,  with  the  mileage. 

NATAIi. 

Natal  Government  Eailways. — These  lines  are  also  of  3  feet  6 
inches  gauge.  Originally  the  track  consistt'd  of  iron  rails  laid  mainly  on 
imported  creosoted  ties,  the  average  life  ot  which  was  about  seven  years. 
Since  about  1884  native  yellow-wood  ties  have  been  tried,  but  their  life 
is  only  about  two  and  one-half  years,  and  soaking  them  in  mineral  oils 
was  not  found  to  be  of  much  service.  Good  ballast  is  difficult  to  ob- 
tain, and  poor  grades  of  disintegrating  shales,  quartzites,  and  crystal- 
line rocks  are  frequently  used.  Steel  rails  are  being  laid  on  some  parts 
of  the  line,  and  on  some  of  the  extensions  a  track  of  steel  rails  on  plate 
ties  had  been  laid. 

Mr.  Kielland,  an  engineer  who  had  some  experience  with  the  early 
railways  of  the  Colony,  informs  me  that  with  the  exception  of  a  small 
piece  of  line  from  Durban  to  the  Umzemi  River,  about  4  miles,  no  rail- 
ways had  been  constructed  previous  to  1876,  when  the  location  of  the 
first  Government  railways  was  commenced.  In  1878-.'79  regular  trains 
began  to  run.  The  ties  used  on  these  first  roads  were  of  creosoted 
pine,  about  7  feet  by  6  inches  by  6  inches.  It  is  reported  that  there  is 
very  little  timber  in  Natal  or  the  Cape  Colony  which  is  suitable  either  for 
ties  or  railway  structures,  the  timber,  as  a  rule,  being  hard  and  crooked. 
In  the  country  north  of  Zululand,  Mozambique,  and  Madagascar  there 
are  said  to  be  immense  tracts  of  swampy  land,  covered  with  a  very 
lasting  magnolia  or  mangrove  tree,  which  is  thought  to  be  suitable  for 
ties. 

SOUTH  AFRICAN  REPUBIilC. 
CTransvaal.) 

The  Dutch  company  owning  the  railways  awarded  a  contract  in  Oc- 
tober, 1889,  for  71,430  steel  ties  of  the  Post  type  (see  Holland). 

CONGO  FREE  STATE. 

Congo  Railway. — This  road  is  to  be  built  by  a  Belgian  company, 
and  it  is  reported  that  Belgian  works  will  supply  steel  rails  and  steel 
ties.    The  latter  will  probably  be  of  the  Post  type. 
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SENEGAIj. 

About  5,000  cross-ties  of  the  Severac  type  (see  Belgium)  have  beeu 
used  in  this  French  colony. 

ISIiAND  OF  REUNION. 

On  the  Island  of  Reunion,  off  the  east  coast  of  Africa,  a  French 
possession,  there  is  a  meter  gauge  railway  77.5  miles  in  length, 
built  in  mountainous  country,  at  a  cost  of  $48,000  per  mile.  The 
track  consists  of  steel  rails  of  tlange  section,  weighing  28.2  pounds  per 
yard ;  these  were  originally  laid  on  preserved  pine  ties,  imported  from 
France,  spaced  28  inches  apart,  center  to  center,  but  iron  bowls  ar- 
ranged in  pairs,  on  the  Livesey  system  (see  England),  as  employed 
with  success  in  South  America,  have  been  substituted,  and  so  far  have 
given  satisfactory  results.  The  bowls  are  laid  in  broken  stone  ballast. 
The  locomotives  weigh  15  tons  in  working  order,  and  can  haul  a  load 
of  50  tons  over  the  steepest  grades.  The  traffic  consists  of  about  five 
trains  per  day,  at  an  average  speed  of  15.5  to  18.5  miles  per  hour.  For 
the  sake  of  economy  the  location  follows  the  surface  of  the  ground  as 
nearly  as  possible ;  this  necessitates  numerous  curves ;  but  these  have 
caused  no  inconvenience  in  operation  on  account  of  the  slow  speed  nec- 
essary to  satisfy  the  demands  of  the  traffic.  There  are  curves  of  351, 
410,  492,  and  636  feet  radius.  The  steepest  grades  are  2  and  2.5  per 
cent.  The  conditions  of  the  traffic  led  to  the  adoption  of  a  light  track. 
The  imported  pine  ties  only  lasted  two  years,  and  trials  with  native 
wood  from  Madagascar,  even  with  mangrove,  not  having  been  success- 
ful, metal  ties  were  adopted. 

Each  tie  (Livesey)  consists  of  a  pair  of  cast-iron  bowls  flattened  on 
the  upper  part  to  form  a  seat  for  the  flange  of  the  rail,  and  having  lugs 
between  which  the  rail  is  held  by  a  corrugated  key.  The  gauge  is  main- 
tained by  means  of  a  wrought-iron  tie-bar  connecting  each  pair  of  bowls 
and  secured  by  keys.  The  spacing  of  the  keys,  and  consequently  the 
length  of  the  tie-bar,  can  be  varied  at  will,  thus  permitting  an  adjust- 
ment of  the  gauge  at  curves,  etc.  The  ties  are  spaced  about  3.28  feet 
apart,  center  to  center  of  tie-bars.  For  over  three  years  (up  to  188S)  62 
miles  of  track  had  been  laid  with  this  track  and  had  not  required  any 
maintenance.  The  ballast  is  of  broken  stone.  The  cars  run  smoothly, 
without  jarring,  and  passengers  can  not  distinguish  this  part  of  the  line 
from  that  on  which  wooden  ties  are  still  used. 

The  following  particulars  were  presented  by  Mr.  Kowalski,  at  the 
International  Railway  Congress,  held  at  Milan,  Italy,  in  1887  : 

The  Livesey  system  of  cast-iron  bowl  'ies  was  then  in  nse  on  fi2  miles,  inchxding  it 
tunnel.  Each  tie,  complete,  weighed  128.4  pounds;  the  tie-bars  weighed  2.8 pounds, 
and  each  key  .71  pound.  The  rails  were  of  flange  section,  weighing  28.2  pounds  i»er 
yard.  The  ballast  was  of  sand  and  broken  stone.  The  traffic  consisted  of  six  to 
eight  trains  per  day.     The  ties  were  laid   in  1881,  and  have  given  good  results,  but 
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the  jaws  on  the  bowls  have  to  bo  made  heavier  than  at  first,  as  they  broke  frequently. 
The  price  iu  Loudon  was  $1.40  each,  or  $2  each  delivered  at  liuutiion.  Wooden  ties 
costal.  The  cost  of  nialnteuauce  was  very  small.  There  was  no  bad  oft'cct  on  roll- 
ing stock,  and  no  unpleasantness  to  passeugers,  but  this  might  have  been  due  to  the 
low  speed.  The  only  renewals  have  been  of  a  few  bowls  broken  by  derailments. 
The  use  of  these  ties  is  to  be  continued.  It  is  considered  that  the  advantages  of  metal 
ties  in  tropical  countries  are  indisputable.  Native  and  imported  preserved  wooden 
ties  only  last  two  and  a  half  years,  while  the  iron  ties  last  indehuitely,  and  the 
maintenance  is  very  much  less  thaii  with  wooden  ties. 


SUMMARY  OF  METAL  TRACK  FOR  SECTION  NO.  2. 


Egypt 

Algeria 

Abyssinia 

Portagneae  territory  (South  Africa) 

Cape  Colony 

South  African  Republic 

Senegal 

Island  of  Reunion 


Total 


Bowls. 


847.50 


80.00 


62.00 


989.50 


Cross-ties. 

Plates. 

35.25 

120. 00 

4.25 

14.25 

47.75 

30.50 

40.50 
2.50 

296.75 

4.25 

Total. 

887.00 
120. 00 

14.25 

47.75 
116.50 

40.50 
2.50 

62.00 

1,390.50 


Section  3.— AUSTRALASIA. 

AUSTRAIjIA. 

General  Remarks. — The  railways  of  each  of  the  five  colonies  of 
Australia  (South  Australia,  Queensland,  New  South  Wales,  Victoria, 
and  West  Australia),  are  for  the  most  part  owned  and  operated  by  the 
separate  governments  of  these  colonies,  and  are  under  the  control  of 
railway  commissioners.  A  very  complete  account  of  these  railways 
will  be  found  in  Engineering  News,  New  York,  March  30,  1889.  It  is 
of  interest  to  note  that  metal  ties  have  been  introduced  into  this  new 
country,  of  which  comparatively  little  is  known  here,  and  that  their  use 
is  likely  to  be  extended.  In  one  case  (South  Australia)  they  have  been 
introduced  on  account  of  the  destructiveuess  of  white  ants,  and  in  an- 
other case  (Queensland)  they  have  been  adopted,  after  a  partial  trial, 
for  an  up  country  line  for  motives  of  economy.  One  feature  of  this 
latter  case  is  that  the  system  adopted  is  claimed  to  be  specially 
adapted  for  light  and  economical  construction  and  to  be  suitable  for 
some  of  the  western  sections  of  the  United  States.  Hard-wood  ties  are 
in  general  to  be  obtained  in  abundance,  but  they  are  liable  to  be  at- 
tacked and  rapidly  destroyed  by  white  ants. 

SOUTH  AUSTRALIA. 

South  Australian  Government  Railways. — In  July,  1888,  there 
were  1,500  miles  of  railway  in  operation,  and  two  lines,  aggregating 
324  miles,  under  construction.  The  railways  are  of  5  feet  3  inches  and 
3  feet  6  inches  gauge.  The  colony  extends  from  the  north  to  the  south 
coast,  and  a  north  and  south  transcontinental  line  is  to  be  built,  some 
small  sections  of  which  are  already  in  progress 

On  the  Palmerston  and  Pine  Creek  line  (3  feet  6  inches  gauge)  steel 
cross-ties  are  being  used ;  full  details  have  been  furnished  by  Mr.  A.  B. 
MoncrieflF,  engineer  in  chief  of  the  Government  railways,  and  are  given 
further  on. 

As  this  railway  was  not  completed  at  tlie  time  of  Mr.  MoncriefPs  re- 
port to  me,  and  therefore  sufficient  information  was  not  obtainable  to 
answer  some  of  the  questions  asked,  he  kindly  sent  the  following  par- 
ticulars from  a  report  of  Mr.  J.  C.  B.  MoncrieflF,  M.  Inst.  0.  E.,  the  resi- 
dent engineer  of  the  Adelaide  and  Terowie  line  (.5  feet  3  inches  gauge), 
who  had  been  directed  to  lay  twenty-seven  t'es  of  the  same  design,  but  of 
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the  requisite  size  for  the  wider  giiuge,  at  the  entrauce  to  the  Adelaide  sta- 
tion yard,  where  they  would  sustain  the  heaviest  traffic.  The  expense 
of  maintenance  was  not  greater  than  with  wooden  ties,  but  they  had 
not  been  tested  long  enough  to  enable  a  decided  opinion  to  be  formed 
as  to  their  durability.  Gravel  ballast  was  used,  and  it  packed  well, 
giving  no  trouble.  The  packing  did  not,  however,  fully  drive  up  the 
ballast  into  the  hollow  of  th^tie,  so  that  the  chief  weight  had  been  car- 
ried by  the  flanges. 

[This  was  one  of  the  troubles  with  the  original  form  of  the  Vautherin 
tie,  and  led  to  the  substitution  of  a  thickened  rib  instead  of  the  hori- 
zontal flange  on  each  of  the  lower  edges. — E.  E.  K.  T.] 

There  was  no  trouble  with  maintenance,  but  as  the  length  of  the 
track  in  use  with  these  ties  was  only  40  feet,  it  was  impossible  to  say 
whether  they  would  keep  the  line  straight.  The  rail  attachments  had 
given  no  trouble.  Mr.  J.  C.  B.  Moncrieff'  thought  very  highly  of  these 
ties  and  considered  that  if  they  were  a  little  stronger,  especially  around 
the  rail  seats,  they  would  be  a  really  serviceable  article.  From  the 
results  of  these  experiments  he  reported  as  follows  : 

These  ties  are  of  the  same  thickness  as  those  for  the  Palraerston  and  Piue  Creek 
Railway  (3  feet  6  inches  gauge)  and  are,  therefore,  too  slight  for  the  heavier  track 
■with  61-poiind  rails,  of  these  lines  of  5  feet  3  inches  gauge.  They  were  twenty-seven 
in  number,  and  were  placed  on  the  up  and  down  tracks  at  the  entrance  to  the  Adelaide 
station.  They  were  laid  on  April  19,  1886,  and  have  been  in  use  until  now,  June  3, 
1889,  except  during  a  few  days  when  they  were  taken  out  for  inspection.  Three 
have  been  removed  on  account  of  cracks  in  the  rail  seats,  and  round  the  holes  for  the 
attachments.  There  are  now  twenty-four  in  the  track  and  these  are  in  fairly  good 
order,  although  some  of  them  are  showing  cracks  similar  to  those  in  the  rejected  ones. 
Apparently  these  cracks  were  originally  started  in  the  creasing  of  the  steep  angles 
round  the  rail  seats.  They  have  been  in  use  for  one  hundred  and  fifty-three  weeks, 
and  have  had  a  traffic  of  6,500,000  tons  over  them  duriug  that  time. 

Wooden  ties,  of  jarrah,  red  gum,  or  sugar  gum,  cost  about  84  cents 
each,  and  last  about  twenty  years,  under  favorable  conditions,  in  the 
southern  part  of  the  colony,  but  their  durability  in  the  northern  or 
tropical  part  remains  to  be  seen. 

Palmerston  and  Pine  Greek  Railway. — In  June,  1889, 1  received  a  very 
complete  and  interesting  statement  from  Mr.  A.  B.  Moncrieii'in  regard 
to  a  government  line  of  3  feet  6  inches  gauge  being  built  from  Palmers- 
ton  to  Pine  Creek,  in  the  northern  territory  of  South  Australia,  a  dis- 
tance of  146  miles.  The  works  are  in  general  moderately  light;  there 
are  3J  miles  of  curves  of  660  feet  to  1,320  feet  radius,  the  rest  being  of 
larger  radius;  the  grades  include  12  miles  of  1  in  60  (1.66  per  cent.)  15 
miles  of  1  in  60  to  1  in  80  (1.G6  to  1.25  per  cent.),  and  12  miles  of  1  in  80 
to  1  in  100  (1.25  to  1  per  cent.).  The  bridges  are  up  to  100  feet  span. 
The  road  was  not  then  completed.  The  object  of  the  road  is  to  develop 
a  mineral  country,  and  the  traffic  is  generally  light.  The  locomotives 
weigh  24|  tons,  and  have  a  weight  of  6^  tons  on  each  driving-wheel; 
the  tenders  weigh  17  tons.  Track  laying  was  commenced  in  July,  1887, 
under  the  superintendence  of  Mr.  J.  W.  James. 
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Metal  ties  were  adopted  ou  account  of  the  destructiveness  of  white 
auts.  The  ties  are  transverse,  of  steel,  of  the  type  known  as  MacLellan 
and  Smith's  patent  embossed  stamped  steel  ties.  (See  plate  No.  18.) 
They  are  manufactured  by  Ibbotson  Bros.  &  Co.,  of  England,  and  cost 
$65  per  ton,  free  on  board,  at  an  English  port.  They  are  coated  with 
Dr.  Angus  Smith's  composition.  The  general  form  is  that  of  an  inverted 
trough,  with  closed  ends,  and  having  a  horizontal  flange  all  round  the 
lower  edges.  The  trough  part  is  formed  with  corrugations  at  the  ends 
and  near  the  rail  seats;  this  part  is  narrow  at  the  middle,  the  top  table 
and  bottom  flanges  being  of  equal  width ;  at  the  rail  seats  it  is  wide  and 
flat,  with  narrow  flanges  ;  and  at  the  ends  it  is  wide,  and  is  corrugated 
where  it  slopes  down  to  the  horizontal  flange.  The  tie  is  6  feet  3  inches 
long,  12  inches  wide  in  the  body,  14  inches  wide  at  the  ends  and  about 
2f  inches  deep.  The  top  table  is  about  3  inches  wide  at  the  middle 
and  7  Inches  wide  at  the  rail  seats.  The  length  of  the  trough  is  about 
5  feet  7  inches  on  the, bottom,  leaving  4  inches  of  flat  plate  at  each  end  ; 
the  top  is  slightly  arched  or  curved.  The  tie  has  a  uniform  thickness 
of  three-sixteenths  inch,  and  weighs  56  pounds  •,  the  fastenings  weigh 
6J  pounds  per  set.  It  is  horizontal  at  top  and  bottom,  but  at  each  rail 
seat  there  is  a  depression  3-3%  inches  wide  and  about  one-fourth  inch  deep 
on  the  outer  side,  forming  a  groove  for  the  rail  flange  and  having  an  in- 
ward slope  of  1  in  26.  This  depression  is  an  objectionable  feature,  as 
it  is  almost  certain  to  cause  cracks  to  start  in  the  sharp  angles,  and  this 
has  been  found  to  be  the  case.  Experience  in  other  countries  has  shown 
that  proper  fastenings  are  in  themselves  amply  suflBcient  to  hold  the 
rails  in  place  and  prevent  spreading  of  the  track,  so  that  this  form  of 
rail  seat  is  therefore  unnecessary.  The  expense  and  extra  labor  ex- 
pended on  this  part  may  be  dispensed  with  and  a  better  and  more  dur- 
able tie  obtained  which  will  be  fully  as  efiicient  in  service  as  the  tie 
with  the  depressed  rail  seat.  The  fastenings  consist  of  two  clips  and 
one  patent  Ibbotson  "  twin "  or  U  bolt  for  each  rail.  The  horizontal 
part  of  the  bolt  rests  inside  the  tie,  under  the  rail  seat,  and  the  two  ver- 
tical parts  pass  up  through  the  top  table  and  clips  ;  these  vertical  parts 
are  threaded  and  a  nut  is  screwed  down  on  each  clip.  The  bolts  are 
4j-|  inches  long,  center  to  center  of  the  vertical  parts,  which  are  three- 
fourths  inph  diameter;  the  horizontal  part  is  three-fourths  inch  wide  and 
five-eighths  inch  deep,  with  the  upper  face  flat,  to  bear  against  the  under 
side  of  the  top  table.  The  clips  are  2^  inches  long  on  the  rail,  2|  inches 
wide,  and  five-eighths  inch  thick  at  the  middle.  A  groove  is  made  in  the 
outer  clip  and  on  the  top  of  the  outer  side  of  the  bolt,  so  that  the  track 
inspectors,  when  walking  along  the  track,  can  see  that  the  bolts  and 
clips  have  been  put  in  correctly.  The  ties  are  spaced  as  follows :  For 
a  rail  length  of  21  feet  2  inches,  the  joint  ties  are  1  foot  11  inches  apart, 
center  to  center,  the  ties  next  to  the  joints  2  feet  4  inches,  and  the  inter- 
mediate ties  2  feet  11  inches  apart.  For  a  rail  length  of  18  feet  5  inches, 
the  joint  ties  are  spaced  L  foot  11  inches  apart,  the  next  ones  2  feet  5 
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inches,  aud  the  intermediate  ties  2  feet  11  inches  apart.    On  curves 
they  are  laid  radially. 

At  sw^itches  and  frogs,  wooden  ties  are  used;  they  are  8  inches  by  4 
inches  section,  and  G  feet  0  inches  to  13  feet  long.  The  rails  are  fast- 
ened by  steel  spikes  one-hall"  inch  square,  4^  inches  long,  with  heads 
1  inch  long  by  1^  inches  wide. 

The  rails  are  of  steel,  of  tliinge  section,  weighing  41  pounds  per  yard. 
They  are  3^  inches  high,  3^  inches  wide  over  the  tlange;  the  head  is 
l|  inches  wide,  with  a  top  radius  of  6  inches  and  three-eighths  inch  ra- 
dius of  top  corners.  Tliey  are  mostly  21  feet  2  inches  long  (20  feet 
]0|  inchts  for  short  rails  on  curves),  and  some  of  them  (not  more  than 
5  per  cent,  of  the  contract  lots)  are  18  feet  5  inches  long.  The  joints 
are  suspended  and  are  fastened  by  splice  plates  15  inches  long,  with  four 
bolts  three  fourths  inch  diameter,  spaced  3'^  inches  center  to  center.  The 
outer  plate  is  fiat,  iive-eighths  inch  thick,  with  bolt  holes  seven-eighths 
inch  square.  The  inner  plate  is  of  a  deep  pattern,  having  a  vertical 
web  projecting  below  the  flange  of  the  rail,  being  4^  inches  deep  over  all, 
and  having  the  ends  of  the  lower  web  cut  to  fit  the  slope  of  the  sides  of 
the  ties ;  it  is  five  eighths  inch  thick  in  the  ui)per  web,  and  three-eighths 
inch  thick  in  the  flange  and  lower  web ;  the  bolt  hdes  are  seven-eighths 
inch  diameter.  The  bolt  holes  in  the  web  of  the  rails  are  oval,  seveu- 
eighthsinch  vertical  by  l^^inches  horizontal.  A  space  of  three-sixteenths 
inch  is  left  between  the  rail  ends  at  thejoints.  The  ballast  is  of  broken 
stone  or  clean  gravel;  it  is  6  inches  deep  under  the  ties,  7  feet  6  inches 
wide  on  top,  10  feet  C  inches  wide  over  the  bottom ;  between  the  rails  it 
is  level  with  the  tops  of  the  ties,  but  outside  it  is  nearly  even  with  the 
level  of  the  rail  head,  rounded  down  alongside  the  rail  to  the  underside 
of  the  head.  The  minimum  quantity  of  ballast,  for  single  track,  is 
1,480  cubic  yards  per  mile.  The  height  from  subgrade  to  top  of  rail  is 
12  inches. 

There  has  not  yet  been  sufBcient  experience  to  enable  positive  opin 
ions  to  be  given  as  to  the  value  of  these  steel  ties,  but  it  is  thought  that 
they  are  rather  too  light,  as  they  are  found  to  crack  slightly  at  the  rail- 
seats  and  bolt-holes.    The  following  particulars  respecting  the  line  are 
extracted  from  a  report  of  the  resident  engineer,  Mr.  James: 

The  steel  ties  are  exceedingly  strong,  they  stand  well  in  the  track  and  keep  a  good 
line.  When  traveling  on  an  engine  the  road  seems  as  elastic  as  if  the  line  were  laid 
with  wooden  ties.  The  contractors  are  highly  pleased  with  them.  They  give  no 
trouble  when  laid,  and  the  cost  for  maintenance  is  very  much  lighter  than-  with 
wooden  ties. 

The  climate  is  tropical  but  it  can  not  be  said  yet  whether  it  will  have 
any  effect  upon  the  ties. 
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QUEENStiAND. 

Queensland  Government  Kailways. — The  lines  in  this  colony 
are  divided  into  ten  divisions,  and  the  condition  of  the  railway  system 
at  the  end  of  1S87  was  as  follows:  Open  for  traffic,  1,895  miles;  under 
construction,  208  miles;  proposals  invite<l  for  construction,  38  miles; 
plans  approved,  197  miles;  total,  2,338  miles.  The  gauge  of  the  rail- 
way is  3  feet  6  inches.  The  average  cost  for  construction  has  been 
about  $32,070  per  mile,  and  the  average  cost  for  maintenance  for  the 
years  1884-'85-'86  wiis  $704  per  mile  per  annum.  The  lines  are  laid 
principally  with  steel  flange  rails  weighing  41J  or  60  pounds  per  yard. 
There  is  said  to  be  an  abundant  supply  of  iron-bark  timber  for  ties.  In 
September,  1886,  a  contract  for  12,000  wooden  ties  for  the  Northern 
line  was  let  at  $8,250,  or  about  69  cents  ])er  tie.  Sawn  wooden  ties 
cost  from  $65  to  $90  per  100,  and  last  from  ten  to  fifteen  years.  The 
railway  commissioner  has  condemned  the  further  cutting  of  timber  for 
ties,  fences,  etc.,  and  has  recommended  the  home  manufacture  of  steel 
ties. 

Some  years  ago  (about  1882)  1,000  wrought-iron  cross  ties  of  the 
Livesey  pattern  were  laid  on  the  Sandgate  branch  ;  they  were  5  feet  6 
inches  long,  made  of  metal  three-sixteenths  of  an  inch  thick,  and  had 
closed  ends.  They  lasted  for  five  years  under  moderate  traffic,  but 
generally  fractured  under  the  rail  seats,  owing  to  defective  fastenings 
of  the  rails.  The  oxidization  was  not  serious.  They  were  laid  in  ordi- 
nary broken  stone  ballast.  In  October,  1887,  a  contract  for  stamping 
80,000  ties  of  the  Phillii)S  type  was  let  to  the  Toowoomba  Foundry 
Company,  of  Queensland,  at  $35,833.30.  In  Decern ler,  1887,  a  con- 
tract for  2,000  iron  ties  for  the  Southern  and  Western  line  was  let  at 
$4,156.25.  lu  June,  1888,  100,000  ties  of  the  Phillips  improved  type, 
weighing  84  pounds  each,  were  being  manufactured  by  the  Toowoomba 
Foundry  Company  for  the  first  section  of  the  Normanton  and  Cloncurry 
Railway. 

The  ties  designed  by  Mr.  Greorge  Phillips,  superintending  engineer, 
late  inspector  of  railway  surveys,  are  intended  especially  for  up- 
country  lines ;  they  dispense  with  ballast,  the  ground  being  plowed 
and  the  soil  tamped  into  and  around  the  ties.  They  are  made  of  steel, 
and  are  of  inverted  trough  section,  with  open  ends  (see  Plate  No.  19). 
These  ties  were  first  tried  on  the  Harrisville  branch  of  the  Fassifern 
line,  80,000  being  ordered.  Of  this  first  lot  the  plates  were  rolled  in 
England  and  shipped  flat,  and  were  pressed  cold  to  shape  in  the  col- 
ony, as  Mr.  Phillips  w^ished  to  inspect  the  work.  They  were  imported 
by  the  Government  at  a  cost  of  about  $30  per  ton,  and  the  Toowoomba 
Foundry  took  the  contract  to  do  the  shaping  at  43  cents  per  tie.  The 
work  was  to  be  done  under  very  strict  specifications,  but  after  a  time 
the  contractors  claimed  that  the  plates  were  not  delivered  to  them  in  a 
workable  condition,  and  they  api>lied  for  extra  compensation..    It  was 
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said  that  owing  to  careless  inspection  in  England  the  plates  were  sent 
out  warped,  twisted,  and  sometimes  so  unevenly  cut  that  they  would 
not  go  into  the  pressing  machine.  Two  dippings  in  tar  were  specified, 
but  the  contract  was  modified  to  permit  the  contractors  to  make  one 
dipping  only,  on  condition  that  they  would  forego  their  cUiim  for  extra 
compensation.  The  first  ties  for  the  experimental  line  weighed  60 
pounds ;  those  now  made  weigh  84  pounds. 

Mr.  W.  A.  Cross,  engineer  of  existing  lines,  in  his  report  dated  April 
9,  for  the  year  1887,  stated  as  follows  : 

An  experimental  line  65  chains  71  links  long  ^4,3:^6.86  feet  if  the  English  chain  of 
66  feet  is  used. — E.  E.  R.  T.]  was  laid  down  in  June  last  on  the  Harrisville  branch, 
upon  Mr.  George  Phillips's  system,  viz,  a  surface  line  having  metal  ties  and  without 
ballast,  and  has  been  tested  by  the  whole  of  the  traffic  for  the  district  having  been 
worked  over  it  for  a  period  of  ten  months,  with  the  result  that  a  fair  measure  of  suc- 
cess had  been  obtained  for  this  description  of  light  lines.  The  system  merits  consid- 
eration in  opening  up  the  vast  plains  of  the  interior  of  the  colony. 

In  October,  1888,  when  the  question  of  extending  the  Croydon  branch 
railway  from  mile  No.  13  to  mile  No.  42,  from  Normanton,  a  length  of  29 
miles,  came  before  the  legislature,  there  was  quite  a  heated  discussion 
as  to  the  proposed  use  of  metal  ties.  The  contract  for  building  a  part 
of  the  line  had  been  let  by  a  previous  administration  to  Mr.  Phillips, 
who  was  to  use  his  metal  ties ;  as  might  be  expected,  the  new  adminis- 
tration disapproved  of  what  had  been  done  by  the  opposite  party  when 
in  power,  and  this  gave  rise  to  considerable  discussion.  As  shown  fur- 
ther on,  however,  the  line  is  being  laid  with  these  ties. 

In  May,  1889,  the  following  particulars  were  furnished  by  the  com- 
missioner of  railways  in  regard  to  the  Phillips  ties.  They  were  laid 
on  the  Fassifern  branch  of  the  Southern  and  Western  Railway,  and  on 
the  first  section  of  the  Normanton  and  Croydon  Railway.  The  length 
of  track  laid  was  37  miles  1,980  feet,  including  sidings,  and  the  laying 
of  GO  miles  more  had  been  authorized.  The  maximum  grade  was  1  in 
66  and  minimum  curve  060  feet  radius.  The  ties  were  lai'l  in  1887-88 
under  the  supervision  of  Mr.  George  Phillips  and  Mr.  W.  A.  Cross, 
engineers.  The  traffic  was  mixed,  passenger  and  freight,  and  the  max- 
imum of  trains  was  six  per  day.  The  engines  weighed  34f  tons,  with  9 
tons  on  the  driving-wheels.  The  ties  were  transverse,  of  trough  sec- 
tion, 5  feet  6  inches  to  5  feet  9  inches  long,  5  inches  to  6  inches  deep, 
and  weighing  from  60  to  84  pounds  each.  They  were  of  wrought-iron 
and  steel,  and  were  manufactured  by  Springall  &  Frost  and  the  Too- 
woomba  Foundry  Company  in  the  Colony,  from  imported  plates.  They 
weredipped  in  a  composition  of  coal  tarandasphaltum,  audcost$1.99^  to 
$2.50  each.  The  cost  of  maintenance  was  about  $350  per  mile  per  annum. 
They  had  not  been  done  long  enough  to  test  their  durability.  The 
fastenings  consisted  of  one  riveted  and  one  bolted  clip  to  each  rail.  No 
special  arrangement  was  made  for  curves.  The  lines  are  purely  surface 
lines,  with  the  exception  of  a  few  banks,  the  longest  of  which  is  only 
1,980  feet  in  length  ;  the  ties  are  laid  directly  in  the  earth,  no  other 
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ballast  being  used ;  the  ballast  behaves  excellently  under  the  tie.  The 
rails  are  of  flange  section,  41^  pounds  per  yard,  with  suspended  spliced 
joints.  The  ties  were  adopted  for  economy  in  construction  and  main- 
tenance, and  so  far  the  results  had  been  perfectly  satisfactory.  There 
had  been  no  trouble  with  the  rail  attachments,  with  maintenance,  or 
from  breakages. 

Fassifern  Railway. — The  following  information  relating  to  the 
first  experimental  line  is  condensed  from  a  pamphlet  issued  by  Mr. 
Phillips. 

The  Government  having  consented  to  lay  down  a  short  length  of  rail- 
way with  wrought-iron  ties  (see  plate  No.  19),  in  order  to  test  the 
practicability  of  working  and  maintaining  railways  laid  on  the  surface 
of  even  country,  without  ballast  or  drainage  of  any  description,  the  ex- 
perimental line  was  laid  in  the  form  of  a  deviation  near  Harrisville,  on 
the  Fassifern  branch  of  the  Southern  and  Western  Railway,  upon  a 
piece  of  even,  black  soil,  melon-hole  country,  liable  to  be  flooded  after 
heavy  rains  to  a  considerable  extent.  The  actual  length  of  the  experi- 
mental track  was  4,336.86  feet,  and  on  it  were  laid  1,988  wrought  iron 
ties.  The  ties  were  made  for  plates  66  inches  long,  19  inches  wide,  and 
one-eighth  inch  thick ;  they  were  5  feet  6  inches  long,  6  inches  wide  on 
top,  9^  inches  wide  on  the  bottom,  and  6  inches  deep.  At  each  rail 
seat  a  wrought-iron  tie-plate,  12  inches  by  8  inches  by  three-sixteenths 
inch  thick,  was  fastened  to  the  tie ;  on  the  outer  side  of  the  rail  it  was 
fastened  by  a  three-fourths  inch  rivet  which  also  held  the  clips  for  the 
outer  side  of  the  flange  of  the  rail,  and  on  the  inner  side  by  a  three- 
fourths  inch  bolt  which  also  held  the  loose  clip  for  the  inner  side  of  the 
flange  of  the  rail.  The  ends  were  open,  and  the  ties  were  tamped  from 
the  ends.  The  rails  were  of  steel,  of  flange  section,  weighing  41^ 
pounds  per  yard.  The  total  cost  of  the  deviation,  including  the  ap- 
I)roaches  (total  length,  4,898.52  feet),  was  $10,350.25,  of  which  $2,000 
was  due  to  the  excessive  price  of  the  ties,  which  were  manufactured 
(under  contract)  in  the  colony,  at  a  cost  of  $2  each,  or  about  $77.50  per 
ton,  or  about  100  per  cent,  of  the  value  if  they  had  been  imported  from 
England ;  steel  ties  were  then,  it  was  said,  being  manufactured  in 
England  for  India  at  $22.76  per  ton.  The  line  was  oi)ened  to  traffic  on 
June  11,  1887,  and  up  t.)  Jane  11,  1888,  it  had  carried  a  gross  traffic  of 
150,000  tons.  It  had  been  repeatedly  submerged  and  in  one  instance 
trains  were  run  over  it  at  a  speed  of  25  miles  an  hour  while  the  flood 
waters  were  running  across  the  rails.  The  results  were  so  satisfactory- 
that  the  Government  let  a  contract  in  June,  1888,  to  the  Toowoomba 
Foundry  Company  for  100,000  ties  of  a  heavier  pattern  for  the  Norman- 
ton  and  Cloncurry  Railway.  These  ties  were  made  from  steel  plates  5 
feet  9  inches  long  by  18  inches  wide  and  three-sixteenths  inch  thick ; 
they  were  5  feet  9  inches  long,  7  inches  wide  on  top,  10  inches  wide  at 
the  bottom,  and  weighed  84  pounds  each,  complete.  After  the  bending 
and  riveting,  they  were  dipped  vertically,  for  about  twenty  minutes, 
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into  a  caldron  containing  a  composition  of  refined  Trinidad  asplialtum 
and  coal-tar  at  a  temperature  of  about  3()0o  Fahr.  It  has  been  shown 
that  this  experimental  surface  line  can  stand  the  test  of  recurring  heavy 
rain-falls  without  its  stability  being  seriously  aflFected. 

(JROYDON  AND  ISToRMANTON  RAILWAY. — The  ties  for  this  line  are 
made  from  steel  plates  G  feet  long,  18  inches  wide  before  bending  to 
shape,  and  three-sixteenths  inch  thick,  with  a  strip  6  inches  wide  along 
the  middle  three-eighths  inch  thick;  this  extra  metal  may  be  on  the 
upper  or  under  side  of  the  plate,  at  the  option  of  the  manufacturer 
(see  plate  No.  19).  The  tie  is  6  feet  long,  7  inches  wide  on  top  (or  6 
inches  if  the  extra  thickness  is  on  the  upper  side) ;  10  inches  wide  at 
the  bottom,  inside  ;  5  inches  deep  (or  5-^  inches  if  the  extra  thickness 
is  on  the  upper  side).  The  top  corners  are  1  inch  radius,  and  the  sides 
flare  slightly  outward.  The  top  table  of  the  tie  is  horizontal  and  the 
cross-section  is  uniform  throughout.  The  rails  are  of  flange  section,  of 
steel,  weighing  41^  pounds  per  yard ;  the  flange  is  3|  inches  wide.  The 
outer  flange  of  the  rail  is  held  by  a  riveted  clip  4|  inches  long,  2-fg 
inches  wide,  three  eighths  inch  thick,  projecting  seven  sixteenths  inch 
over  the  flange.  This  clip  is  fixed  at  the  exact  place,  with  regard  to  the 
flange  of  the  rail,  to  give  the  correct  gauge,  and  it  is  secured  by  two 
five-eighths  inch  rivets,  2^  inches  apart.  The  inner  flange  of  the  rail  is 
held  by  a  loose  clip,  2^  inches  square,  seven-sixteenths  to  nine-sixteenths 
inch  thick,  projecting  one  half  inch  over  the  flange;  the  outer  part  has 
a  rib  on  the  under  side  which  rests  on  the  tie  and  so  keeps  the  top  of 
the  clip  horizontal.  The  bolt  hole  is  thirteen  sixteenths  inch  diameter. 
The  bolt  hole  in  the  tie  is  kite-shaped,  the  point  being  turned  toward 
the  middle  of  the  tie ;  it  is  |f  by  1-^  inches.  The  bolt  is  If  inches  long 
under  the  head,  three-fourths  inch  diameter,  with  the  Whitworth  thread, 
and  has  an  eccentric  neck  1  inch  long,  fitting  into  the  narrow  part  of 
the  bolt  hole  so  as  to  prevent  the  turning  of  the  bolt. 

In  January,  1889,  Mr.  Phillips  sent  the  following  report  of  his  ties, 
and  his  statement,  together  with  the  other  information  given,  shows 
that  under  certain  circumstances,  at  least,  steel  ties  are  adapted  not 
only  to  replace  wooden  ties  on  the  main  lines  with  heavy  traffic,  but 
also  for  an  economical  construction  of  railways  with  small  traffic  in  even 
country : 

I  have  just  returneil  from  North  Qneensland,  whoro  I  have  been  constructing  a  sec- 
tion of  railway  3G  miles  in  hniglh  on  my  system.  The  country  I  am  dealing  with  is 
between  the  port  of  Normanton,  in  17°  4J'  south  latitude  and  111^  10'  east  longitude, 
and  a  new  gold  held  by  the  name  of  Croydon,  situated  about  85  miles  east-southeast 
from  Normantou.  The  country  is  almost  uniformly  even,  and  the  Norman  River  is 
the  only  important  river  crossed.  The  first  4  miles  are  over  gravel  ridges,  when  a 
descent  of  1  in  70  for  half  a  mile  brings  the  line  down  to  the  level  of  the  river  flats ;  the 
soil  is  dark  clay  with  a  slight  admixture  of  alluvial  sand.  This  description  of  coun- 
try extends  to  14  miles,  where  the  river  is  crossed  with  alow,  level  timber  bridge 
(principally  20-foot  spans)  on  a  sandstone-rock  bottom.  Thence  to  Croydon  the 
country  is  very  uniform  in  character — fine  sandy  soil,  covered  with  a  more  or  less 
tihick  forest  of  inferior  and  stunted  timber,  sometitoe^  ^eixse  enough  to  be  called 
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brush  or  scrub.  There  is  no  forest  timber  of  sufficient  dimensions  in  the  district 
available  for  ties  or  bridge  work,  neither  is  there  any  stone  for  ballast,  except  by 
quarrying  below  the  surface,  and  that  is  sandstone  of  an  inferior  and  very  soft  de- 
scription. The  country  is  almost  uniformly  even,  except  at  the  4-mile  peg,  where 
there  is  a  cutting  of  about  5  feet  and  an  embankment  of  equal  height.  I  commenced 
track  laying  July  7,  and  completed  32  miles  on  December  29 ;  fnlly  seven  weeks  were 
lost  through  non-delivery  of  ties,  so  that  the  average  rate  of  progress  was  If  miles 
per  week  of  six  working  days.  The  number  of  men  employed  in  (a)  clearing  track 
66  feet  wide,  (6)  grubbing  central  width  of  10  feet,  (c)  plowing,  harrowing,  and 
rolling  the  same,  (d)  track  laying,  (e)  lifting  and  packing  ties,  and  (/)  straightening 
track,  never  exceeded  05,  with  one  team  of  bullocks  (12),  and  one  horse.  Cost  per 
mile  for  labor  only,  $630;  wages  for  laborers,  S2.50  per  day;  gangers,  $3.15.  The 
plowing,  harrowing,  and  rolling  cost  $75  per  mile,  and  is  included  in  the  $630.  The 
total  cost  was  under  $15  per  lineal  foot.  The  best  day's  work  was  2,772  feet,  or  0.525 
mile,  and  the  best  week's  work  a  little  over  2  miles.  No  ballast  has  been  provided 
and  no  side  or  cross  drains  cut;  the  only  water-ways  are  at  well-defined  and  water- 
worn  channels.  The  total  timber  bridging  on  the  36  miles  is  1,108  linear  feet,  and  only 
one  box-drain  has  been  put  in.  From  20}  miles  to  36  miles  there  is  not  a  single 
water-way  of  any  description. 

The  material  train  has  never  failed  to  ran  to  the  head  of  the  road  daily  from  the 
commencement  of  track  laying,  although  there  have  been  some  very  heavy  thunder- 
storms with  1  to2  inches  of  rain-fall  in  an  hour.  The  track  is  laid  with  steel  flange  rails, 
41}  pounds  per  yard,  26  feet  long,  fastened  to  mild  steel  cross-ties,  weighing  84  pounds 
each,  11  ties  to  a  rail  length.  The  average  gross  load  of  the  material  train  is  100  tons. 
The  locomotive  employed  is  a  six-wheel  engine,  built  by  Diibs  &  Co.,  of  England; 
this  description  of  engine  has  a  greater  average  weight  per  foot  of  wheel  base  than 
any  other  class  of  loci>inotives  in  use  in  Queensland.  The  country  passed  through  is 
be  ieved  to  be  the  softest  in  wet  weather  to  be  found  in  Australia,  but  so  far  no 
trouble  has  been  experienced  with  the  line.  The  country  is  infested  with  white  ants 
(termites),  and  ties  of  the  best  hard  wood  of  the  colony  will  not  last  more  than  three 
years  in  the  form  of  ties.  The  government  now  in  power  are  not  very  favorable  to 
my  system,  but  I  hope  to  be  able  to  induce  them  to  coniplote  the  Croydon  Railway 
on  my  system.  I  believe  my  system  might  be  applied  with  advantage  to  your 
prairie  country,  subject  to  heavy  rain-falls  ;  that  is  to  say,  south  of  the  snow  regions- 

The  steel  tie  and  special  construction  of  track,  as  already  described,  was  designed 
by  Mr.  Phillips  with  a  special  view  to  its  adaptability  for  economical  constrnction 
and  maintenance,  particularly  for  up-country  lines.  He  is  an  advocate  of  a  simpler 
form  of  construction  for  such  railways,  in  suitable  country,  than  that  generally  em- 
ployed, and  he  thinks  that  this  is  rendered  possible  when  "such  a  very  superior 
article  as  a  metal  tie  is  used,  which  can  be  pressed  into  any  desired  shape."  His  sys- 
tem is  peculiarly  adapted  to  conditions  existing  on  the  Australian  continent,  the 
country  being  generally  very  even,  and  not  subject  to  snow-fall.  Mr.  Phillips  thinks 
that  it  would  also  bo  applicable  in  the  more  southern  parts  of  the  western  plains  of 
the  United  States,  and  in  Mexico  over  even  country  which  is  liable  to  heavy  floods. 
The  more  or  less  open  ends  of  the  ties  are  an  essential  of  this  system,  on  account  of 
providing  for  the  drainage  of  the  earth  in  which  tlie  ties  are  embedded  and  packed. 
On  the  experimental  line  no  tendency  to  lateral  displacement  was  observed  on  a  curve 
of  660  feet  radius.  If,  under  any  other  circumstances,  such  a  tendency  shall  be  ob- 
served, it  would  probably  be  met  by  using  a  transverse  web  inside  at  the  middle  of 
the  tie.  In  regard  to  a  suggestion  that  the  use  of  bolts  would  be  cheaper,  by  reduc- 
ing the  shop  work,  it  has  been  stated  that  the  difference  in  cost  would  be  small,  and 
that  rivets  are  preferred  as  giving  a  more  exact  and  accurate  gauge.  The  outer 
clips  are  bolted  on  templets  while  being  riveted,  so  as  to  insure  accuracy  in  fitting. 
No  ballast  is  intended  to  be  used  with  this  system  of  track,  the  ties  being  simply 
packed  with  surface  soil.  The  Phillips  ties  for  the  Fassiferu  line  were  the  first  metal 
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ties  manufactured  in  Australia.  Up  to  October,  188«,  no  ties  of  the  type  having  a 
strip  of  extra  thickness  along  the  top  table  had  been  manufactured,  owing  to  delays 
caused  by  the  political  circumstances  already  referred  to. 

This  system  is  only  applicable  to  level  country.  The  principle  which  the  inventor 
works  upon  is  that  surface  soil,  when  subjected  to  compression,  will  sustain  a  very 
much  greater  weiglit  than  when  loose  or  in  its  normal  condition,  and  he  instances 
the  fact  that  well-beaton  roads  in  soft  country  remain  firm  even  when  entirely  cov- 
ered with  water.  The  effect  of  the  passage  of  trains  will  be  to  compress  the  soil 
along  the  line,  and  the  natural  surface  drainage  can  escape  under  the  rails  and  be- 
tween the  ties ;  in  certain  cases  cross  drains  may  bo  used.  The  life  of  the  tie  is  esti- 
mated as  at  least  thirty  years. 

NEW  SOUTH  WALES. 

New  South  Wales  Government  Railways. — The  lines  in  this 
colony  are  of  standard  gauge,  4  feet  8J  inches.  In  July,  1888,  there 
were  2,102  miles  in  operation  and  G6  miles  under  construction.  The 
number  of  wooden  ties  used  during  1887  was  77,451 ;  of  this  number 
66,407  were  for  renewals  and  11,044  for  new  side  tracks,  etc.  Mr.  E. 
M.  G.  Eddy,  the  chief  commissioner  of  railways,  states  that  experience 
with  metal  ties  in  that  colony  has  been  too  limited  to  allow  of  any 
opinion  of  value  being  given  yet.  I  have  not  received  any  particulars 
of  such  limited  experiments  as  have  been  made. 

Mr.  George  Cowdery,  one  of  the  engineers  of  the  government  rail- 
ways, has  designed  a  steel  cross-tie,  which  is  fitted  with  a  tie  plate 
at  each  end  to  give  the  rails  the  usual  inward  inclination  and  to  com- 
pensate for  the  weakening  of  the  tie  by  the  stamping  of  lugs  or  clips 
up  from  the  top  table.  A  stud-bolt  secures  the  rail  and  tie-plate  to 
the  tie,  and  a  split  taper  steel  key  is  driven  between  the  rail  and  the 
head  of  the  bolt. 

TICTORIA. 

Victoria  Government  Railways. — At  the  end  of  1888  there  were 
2,167  miles  of  railway  in  operation  in  this  colony.  These  lines  are  of  5 
feet  3  inches  and  3  feet  6  inches  gauge.  The  maximum  grades  of  the 
different  lines  range  from  1  in  23  to  1  in  206,  but  average  1  in  40  to  1 
in  50.  The  average  cost  per  mile  for  construction,  exclusive  of  rolling 
stock,  has  been  from  $124,880  to  $396,370  for  double  track,  and  from 
$16,130  to  $79,600  for  single  track.  The  blue-gum  ties  used  cost  96 
cents  each.  The  agent-general  in  London  states  that  he  does  not  know 
of  any  metal  ties  being  used. 


NEW  ZEALAND. 

At  the  end  of  1888  the  colonial  government  owned  1,751  miles  in 
operation,  and  there  were  also  92  miles  owned  by  companies.  The  lines 
are  of  3  feet  6  inches  gauge.  Th'i  agent-general  in  London  states  that 
metal  ties  are  not  used,  and  that  it  is  not  likely  that  the  use  of  wooden 
ties  will  be  abandoned.    Mr,  J.  P.  Maxwell,  the  general  manager  of  the 
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government  lines,  states  that  there  is  an  abundance  of  durable  timber 
available.  The  wooden  ties  are  7  feet  by  7  iiu;hes  by  5  inches,  cost  48 
to  96  cents  each,  and  have  a  life  varying  from  ten  to  twenty  years. 

_  TASMANIA. 

In  June,  1889,  there  were  375  miles  of  railway  open  to  traffic,  of  which 
171^  miles  were  private  lines,  the  remainder  belonging  to  the  colonial 
government.  The  gauge  is  3  feet  6  inches.  The  agent-general  in  Lon- 
don states  that  metal  ties  are  not  used  and  are  not  likely  to  be  used. 

Mr.  Fincham,  M.  Inst.  C.  E.,  eugineer-in-chief  of  the  government 
railways,  writing  in  June,  1889,  stated  that  no  metal  ties  are  used  in 
the  colony,  as  there  is  an  abundance  of  excellent  timber,  which  enables 
the  government  to  obtain  ties  6  feet  6  inches  by  9  inches  by  4^  inches 
at  prices  from  36  to  48  cents  each,  including  long  carriage. 

SUMMARY  OF  METAL  TRACK  FOR  SECTI0>r  NO.  3. 


South  Australia ... 

Queensland        

New  South  Wales. 

Victoria 

West  Australia 

New  Zealaud 

Tasmania 


Miles  laid 

with  steel 

ties. 


146 
40 


Total 


Total 
mileage. 


1,824 
2,103 
2,168 
2,167 

160 
1,843 

375 


10, 640 
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Section  4. — ASIA. 

INDIA. 

Railway  mileage. — The  following  table  is  condensed  from  a  table  in 
the  administration  report  on  "The  Railways  of  India"  for  1888-'89,  by 
Lieut.  Col.  L.  Conway-Gordon,  R.  E.,. director- general  of  railways.  The 
figures  represent  conditions  at  the  end  of  March,  1889 : 

The  railways  of  India. — (March  31, 1889.) 


Railways. 


State  imperial. 


East  Indian 

Patna  Gya. 

Dildarnagar  Gliazipar 

Kajputana  Malwa 

Ben-jal-Najipur 

Sontheru  Mahratta 

Soutiiern  Mahratta  (Mysore  section) 

In<1ian  Midland 

Villupurani  Dharniavaram 

Bezvada  extension 

Dliond  Maumad 

Bhopal  Itarsi  (British  section) 


Total  in  the  hands  of  companies 


Northwestern 

Sind-Pishin,  Chaman  extension 

Oude  and  Rohilkuud 

Bengal  Central 

Wardha  Coal 

Jammn  and  Kashmir  (British  section). 
Toungoo  Mandalay  extension 


Total  in  the  bands  of  the  State. 


State  provincial. 
BareUlyPilibhit 

Total  in  the  hands  of  companies . 


Eastern  Bengal. 


Nalhati 

Tirhoot 

Lucknow-Sitapur-Sihraman . 

Jorhat 

Cherra  Coniponyganj 

Amritsar-Pathaokot 

Burma 


Total  in  the  hands  of  the  State. 
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Gango. 


Ft.  In. 
5  6 
5  G 
6 
38 
6 

3i 

0 

38 

6 

6 

6 


3    38 


Total  an- 
tborized. 


Miles. 

1, 513. 25 

57.25 

12.00 

1,672.50 

827.00 

1,  041. 75 

296.25 

679.  25 

383.75 

21.50 

145.  50 

13.00 


6,  663.  00 


2,  396. 50 

27.00 
739. 26 
125.  25 

46.50 

8  75 

223.  50 


3,  566  75 


36.00 


36.00 


770.00 


Total 
open. 


Miles. 

1,  513.  25 

57.25 

12.00 

1,664  50 

293.00 

854.00 

219. 75 

514.50 

82.75 

21.50 

145.50 

13.00 


5, 391.  00 


2, 381. 25 


602. 25 
125. 25 
46.50 


222.00 


36.00 


36.00 


673. 25 


27.25 

27.25 

273.25 

273.25 

124.  00 

106. 00 

30.  75 

30.75 

15.00 

7.50 

64.75 

64.75 

335.  75 

333.00 

1.640.75         1,51.5.75 


Total  dou- 
ble track. 


Miles. 
474. 25 


1.25 


476.50 


2.25 


2.25 


29.25 


29.  i5 
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The  railways  of  India. — {March  'M,  1889)— Continued. 


KailwAys. 


Guaranteed  eotnpanUt. 


Madras 

South  Indian 

Great  Indian  Peninsala 

Bombay,  Baroda.  and  Central  India. 


Total  guaranteed  companiea 

Attxsted  co7npaniet. 


Darjeeling-Himalajan  — 

Tarakeshwar 

Deoghur 

Dibrii-Sadiya  ..'. 

Bengal  and  Northwestern . 
Rohilkund  iind  Kumaon  .. 
Delhi,  Umballa  and  Kalka. 
Thaton-Duylnzaik 


Total  assisted  companies  . . 
Foreign. 


Cbkoge. 


Ft.  In. 
5    • 
3    3i 
5    6 
5    8 


Total  foreign 


Native  Statet. 


H.  H.,  the  Nizam's  guarantied 

Khamgaon .- 

A.m  raoti 

H.  H.,theGaekwar'8 

H.  H.,  the  Gaekwar's,  V.  M.  H 

H.  H.,  the  Gaekwar's,  A.  P 

Bhopal  Itarsi  (Native  Stat*  section) . 


Total  in  the  hands  of  companies. 


Bha\'Bagar  G.,  J.,  Porbandar 

Morvi ,, 

Jodhjwre 

Rojpura  Bhatinda 

Kolnapar 

Jammuand  Kashmir  (Native Stata  section). 


Total  in  the  hands  of  the  State 


3    3i 
3    3| 


Total  au- 
tborizfd. 


MUei. 
830.25 
654.50 

1,?88.25 
401.00 


Pondicherry _.. 

West  of  India  Portuguese ^    3    31 


3    3i 

2    6 


3,243.00 


51.00 

22.25 

4.75 

■77.50 

610  25 

54.50 

162.00 

8.00 


890.25 


7.75 
51. 00 


58.75 


489.25 
7.50 
5.50 
71.25 
64  50 
22.50 
44.00 


704.50 


328.75 
93.00 
123.75 
113  25 
28.75 
16.00 


703.50 


Total 
open. 


Mile*. 
839.25 
6.54.50 

1,288.25 
461.00 


3,243.00 


51.00 
22.25 
4.75 
77.50 
276.25 
54.60 


8.00 
594. 25 


7.75 
51.00 


58.75 


329.25 

7.50 

5.50 

.5&75 

27.50 


44.00 


472.50 


259.75 
68.00 

12:1.75 
15.25 


466.75 


Total  doa- 
ble track. 


Mite*. 
42.50 


323.75 
60.00 


426.25 


StJMMAKT. 


Railways. 


State  Imperial. 

In  the  hands  of  companies 

In  the  hands  of  the  State 

State  provineiaL 

In  the  hands  of  companies 

In  the  hands  of  the  State 

Guarant«'ed  companies 

Assisted  companies 

Foreign  railways .   

Native  States. 

In  the  hands  of  companies 

In  the  hands  of  the  State 

Total 


Total  au- 
thorized. 


Total 
open. 


Total  dou- 
ble track. 


Mile: 
6,663.00 
3, 866. 75 


36.00 

1,  640.  75 

3,243.00 

890.25 

58.75 


704.50 
703.50 


Milet. 

5,391.00 

3,467,76 


36.00 

1,  515.  75 

3,243.00 

594.35 

58.75 


472.50 
466.75 


17,606.60       15,245.26 


Mile*. 
475.50 
2. 26 


29.15 
426.25 


933.26 
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General  Remarks  {Forms  of  metal  ties). — Experiments  with  various 
types  of  metal  ties  have  been  made  during  the  last  twenty-years  on 
dittereut  lines,  the  first  trials  having  been  made  on  the  State  railways, 
about  1873,  and  some  of  these  tyi)es  have  been  in  service  for  a  sufiQcient 
time  to  enable  reliable  data  to  be  gathered  and  conclusions  drawn  as  to 
their  merits  in  point  of  eflicicncy  and  economy.  The  principal  types 
used  may  be  divided  into  the  following  classes:  (1)  Cast-iron  and  steel 
bowls  and  cast-iron  plates  (all  arranged  in  pairs  and  connected  by  the 
rods  or  tie-bars  j  (2)  Wrought-iron  and  steel  cross-ties.  Various  forms 
of  these  types  have  been  used  and  various  methods  of  rail  fastenings 
have  been  tried  with  them,  while  the  different  systems  of  track  have 
been  tried  under  various  conditions  of  road-bed  and  traflBc.  Large 
orders  for  cast-iron  plate  ties  and  steel  ties  are  given  out  from  time  to 
time  for  the  State  and  private  lines.  The  cast-iron  bowls  are  said  to  be 
becoming  obsolete,  having  been  found  unsuitable  under  fast  traflBc;  al- 
though they  have  done  good  service  in  the  past,  they  are  not  being 
used  much  now  on  new  work,  and  on  lines  where  they  have  been  in 
use  they  are  gradually  being  replaced.  One  objection  to  them  is  the 
diflSculty  of  getting  them  properly  packed  with  ballast  so  as  to  keep  the 
track  in  proper  line  and  surface.  Sand  is  the  only  satisfactory  material, 
but  it  must  be  covered  with  stone  or  other  coarse  material  to  i)revent 
dust,  and  it  is  liable  to  be  washed  out.  The  cast-iron  plate  ties  ("  Den- 
ham-and-Olpherts"  type)  have  given  very  excellent  results  and  are  in  ex- 
tensive use,  while  large  numbers  are  being  manufactured.  Until  recently 
these  plate  ties  were  nearly  all  imported  from  England,  but  are  now  be- 
ing manufactured  by  at  least  two  iron  works  in  India,  at  Jamalpur  and 
Burraakur ;  the  home  manufacture  seems  likely  to  become  an  important 
industry.  Details  of  the  manufacture  are  given  elsewhere.  Another 
type  of  tie  which  has  been  extensively  used  within  the  last  few  years, 
and  which  is  giving  satisfactory  results,  is  the  steel  cross-tie  designed 
for  the  lines  of  the  State  railways  system,  and  used  for  lines  of  1  meter 
gauge  and  the  Indian  gauge  of  5  feet  6  inches.  They  have  been  used 
on  frontier  lines  with  heavy  trafi&c,  and  appear  to  be  the  standard  type 
of  the  future* 

The  following  is  from  a  communication  from  Mr.  T.  W.  Jones,  of  the 
East  Indian  Eailway,  dated  in  October,  1889 : 

Very  few  metal  ties  are  used  on  our  meter-gauge  lines ;  most  oi  them  use  sal  or  de- 
odar wood.  I  have  had  charge  of  from  70  to  100  miles  of  track  for  the  last  twenty 
years,  and  have  had  experience  with  oval  and  round  cast-iron  bowls,  Barlow's  longi- 
tudinals, Denham  ties,  and  three  patterns  of  Deuham-Olpherts  ties.  Bowls  do  well 
in  side-tracks,  but  are  not  suited  for  high  speeds,  as  when  well  packed  they  make  a 
very  unyielding  track,  while,  if  loosely  packed,  they  breal<.  Barlow's  system  is  a 
longitudinal  with,  two  chairs  cast  on  it,  and  an  angle-iron  tie  bar  is  bolted  to  the  plates 
at  the  middle ;  these  also  do  well  in  side-tracks,  but  break  lengthwise,  under  the 
rail,  when  run  over  at  high  speed.  TIio  Denham  cast-iron  plate  ties  give  good  re- 
sults but  have  three  weak  points:  First,  the  wooden  key  for  the  rails;  second,  the 
wooden  block  under  the  chair;  third,  the  tie-bar,  which  does  not  hold  the  rails  to- 
gether after  the  plates  break.     It  can,  however,  be  packed  with  any  sort  of  ballast, 
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and  makes  a  smooth  track  ;  the  number  of  breakages  is  also  very  small.  I  have  had 
experience  with  all  classes  and  weights  of  the  Denham-Olpherts  cast-iron  plate  ties, 
and  think  the  present  shape  is  far  the  best  cast-iron  tie  that  has  been  made  up  to 
date.  The  first  Denham-Olpherts  tie  was  of  a  much  lighter  section,  and  the  rail 
instead  of  being  suspended,  as  now,  by  the  top-table,  rested  on  wooden  blocks;  .08 
the  blocks  became  crushed  and  also  on  account  of  the  lightness  of  the  outer  jaws, 
the  number  broken  in  the  first  year  was  larger  than  it  is  now.  This  explains  the 
average  of  .84  per  cent,  on  page  15  of  your  report  [preliminary  report ;  Bulletin  No. 
Ill — E.  E.  R.  T],  although  I  have  never  heard  of  the  perceutage  being  more  than 
.70  per  cent.,  and  this  only  where  light  plates  were  used  and  tlie  men  were  careless. 
The  average  now  is  about  .40  per  cent.,  I  believe.  The  Indian  Midland  Railway 
has  only  nsed  tlie  latest  type,  and  this  explains  the  small  number  of  breakages  on 
that  line.  Bowls  of  corrugated  steel  have  been  largely  used  on  the  Oude  and  Rohil- 
kund  Railway,  where  they  are  packed  with  sand ;  but  although  better  than  the  cast- 
iron  bowls,  they  are  not  satisfactory  where  the  speed  is  high  and  rolling-stock  heavy. 
Tozer's  steel  cross-tie  (see  England)  has  been  used  on  some  of  the  state  lines  with 
double-headed  rails.  With  flange  rails  a  steel  cross-tie  similar  to  that  in  use  on  the 
Northeastern  Railway  of  England  has  been  tried.  This  latter  type  has  been  adopted 
as  the  standard  on  the  new  Bcngal-Nagpur  Railway,  but  engineers  of  experience  are 
of  opinion  that  the  metal  will  soon  bo  rusted  away,  especially  on  the  sandy  plains, 
where  there  is  a  good  deal  of  salt  in  the  earth. 

The  advantages  of  using  the  Denham-Olpherts  ties  in  India  are  as  follows:  (1) 
Every  part  can  be  made  in  the  country  by  uneducated  native  workmen,  and  without 
very  expensive  machinery,  at  a  lower  price  than  is  paid  for  good,  hard  wood  ties. 
The  cost  of  good  sal  ties  is  5  rupees  to  .'">  rupees  4  annas  ($1.67  to  f  1.75);  chairs,  spikes, 
keys,  etc.,  48  cents,  or  a  total  of  6  rupees,  8  annas  to  6  rupees  12  annas  ($2.16  to  $2.24) 
per  tie,  while  the  metal  tie  costs  5  rupees  8  annas  ($1.83)  complete.  The  wooden  ties 
when  removed  from  the  track  can  be  sold  for  8  to  16  annas,  while  the  cast-iron  ties, 
which  cost  55  rupees  ($18.33)  jier  ton  when  new,  are  wortk  30  rupees  ($10)  per  ton  as 
scrap  ;  a  new  tie  can  almost  be  made  out  of  the  remains  of  an  old  one.  At  present 
we  have  no  appliances  for  working  up  old  steel  ties  into  new  ones.  (2)  There  is  no 
danger  from  fire,  and  in  a  country  where  on  a  May  morning  three  or  four  ties  some- 
times catch  fire  on  a  mile  of  track,  this  is  an  important  point.  (3)  There  are  no 
wooden  keys  to  keep  tight  or  renew.  (4)  There  are  no  spikes  to  work  loose  or  break, 
or  for  the  villagers  to  steal.  (5)  The  gauge  is  always  preserved  and  does  not  require 
constant  adjusting.  I  find  that  Denham-Olpherts  ties  require  to  be  carefully  packed 
at  least  three  times  before  the  ballast  is  boxed  up.  In  this  respect  they  are  at  first 
a  little  more  trouble  than  wooden  ties,  but  once  they  get  a  good  bearing  they  stand 
three  times  as  long  as  wooden  ties.  The  rails  do  not  creep  nearly  as  fast  where  Den- 
ham-Olpherts ties  are  used,  and  the  lower  table  of  the  rails  does  not  get  marked  or 
indented  as  on  track  where  it  is  supported  in  chairs,  and  it  is  consequently  available 
for  service  after  the  upper  table  is  worn  out.  About  two  years  ago  a  young  in- 
spector on  a  state  railway,  who  was  then  using  Denham-Olpherts  ties  for  the  first 
time  wrote  to  me  in  great  distress ;  the  ballast  was  very  poor,  and  he  said  that  do 
what  ho  would  the  ties  were  continually  loose.  I  replied  that  a  little  patience  was 
necessary  and  that  when  once  he  had  his  Denham-Olpherts  ties  properly  bedded 
he  would  find  little  trouble  with  them  and  could  reduce  his  maintenance  gangs. 
Twelve  months  later  he  wrote  again,  saying  that  his  dowji  track,  which  was  laid 
with  the  Denham-Olpherts  ties,  gave  25  per  cent,  less  trouble  than  the  up-track,  which 
was  laid  with  wooden  ties,  and  he  only  wished  the  chief  engineer  would  allow  him  to 
relay  the  up-track.  The  saving  in  labor  is  even  more  apparent  after  the  fourth  year 
when  a  track  on  wooden  ties  begins  to  need  a  lot  of  repairs,  unless  the  renewal  of 
ties  has  gone  on  systematically  and  carefully  all  the  time.  Even  where  wooden  ties 
are  changed  monthly,  there  is  generally  an  extra  large  number  to  renew  after  a  cer- 
tain period  and  this  continual  pulling  about  of  the  track  does  not  conduce  to  smooth 
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running.  During  the  bot  months  it  is  almost  impossible  to  keep  wooden  keys  in 
the  chairs,  even  with  a  man  to  every  2  miles  of  rails  ;  and  the  villagers  being  very 
fond  of  iron  spikes,  which  they  find  useful  for  making  agricultural  implements,  a 
great  number  are  stolen  annually;  I  have  known  200  taken  in  one  night  from  a  mile 
of  track.    This  explains  why  1  prefer  metal  ties. 

We  use  the  hardest  stone  procurable,  broken  from  three-fourths  inch  to  2  inches 
diameter,  or  cube,  for  ballast,  and  when  a  road  is  laid  with  at  least  6  inches  of  this 
under  the  ties,  the  Denham-Olpherts  tie  gives  as  elastic  a  track  as  can  be  desired. 
Most  cast-iron  ties  are  unpleasantly  rigid,  and  thus  damage  the  rolling  stock.  One 
of  the  gravest  defects  in  many  of  the  steel  ties  used  with  flange  rails  is  that  a  rail 
can  not  be  renewed  without  bending  onn  of  the  clips,  which  fit  over  the  flanges,  and 
this  forcing  of  the  clips  upwards  often  results  in  breaking  them  and  the  tie  is  then 
comparatively  useless.  With  mild  steel  this  ought  not  to  occur,  but  there  is  no 
gainsaying  the  fact  that  large  numbers  may  be  seen  which  have  been  damaged  in  this 
way.  One  type  of  tie  did  not  admit  of  the  rail  being  taken  out  at  all,  and  the  only 
way  in  which  a  defective  tie  could  be  removed  was  by  taking  off  the  fish-plates,  slew- 
ing the  rails  out  of  line,  and  then  slipping  the  ties  off  the  end  one  by  one.  Most  of 
the  steel  ties  are  also  made  of  metal  far  too  thin  for  the  heavy  strains  which  ties  have 
sometimes  to  bear,  when  improperly  packed  or  when  owing  to  the  bank  sinking  they 
are  left  partially  unsupported.  Of  course  this  is  done  to  lower  the  price,  but  such 
ties  can  not  be  economical,  and  railway  engineers  would  do  well  to  refuse  to  have 
anything  to  do  with  ties  which  are  only  three-eighths  inch  thick.  Plates  one-half 
inch  thick  give  rasch  better  results  and  are  cheaper  in  the  end. 

Ballast  for  metnl  ties. — Diflfereut  materials  have  been  used;  saud, 
gravel,  burnt  clay,  broken  brick,  aud  broken  stone ;  the  first  two  are 
principally  used  with  metal  ties.  According  to  a  paper  on  Stone  bal- 
last in  India,  in  the  Railroad  Gazette,  New  York,  May  3,  1889,  the 
cast-iron  bowls  were  not  found  suitable  for  fast  traffic  on  account  of 
their  making  a  very  rigid  road  and  the  large  number  of  breakages. 
For  packing  these  bowls,  fine  sand  was  generally  used,  and  in  some 
cases  where  they  were  i)acked  with  gravel  or  broken  brick  the  results 
were  very  bad,  "from  25  to  40  per  cent,  having  failed  in  two  years 
under  moderate  traffic."  Where  sand  was  used  an  upper  layer  of  brick 
or  stone  about  3  inches  thick  was  found  necessary  in  order  to  prevent 
the  sand  from  flying  np  and  damaging  the  machinery  and  bearings  of 
the  engines  and  rolling  stock.  In  one  or  two  cases  where  hard  stone  1 
to  1 J  inches  in  diameter  was  used,  very  good  results  were  obtained,  and 
the  track  was  more  elastic  than  with  sand  or  any  other  description  of 
ballast.  The  Denham  Olpherts  cast-iron  plate  ties  are  usually  packed 
with  hard  stone  ballast,  but  where  double-headed  rails  are  used  (the 
rails  being  suspended  by  the  head  instead  of  resting  in  the  chairs)  the 
track  is  as  elastic  as  track  on  wooden  ties.  Sand,  gravel,  and  stone  are 
used  with  the  steel  cross-ties. 

Wooden  vs.metal'ties  — The  wooden  ties  used  are  mainly  of  imported 
creosoted  fir,  or  of  native  sal  or  deodar,  the  sal  being  the  best  for  the 
purpose.  There  has  naturally  been  considerable  controversy  over  the 
rospective  merits  of  woi)den  and  metal  ties,  the  former  being  indorsed 
by  some  few  engineers,  but  mainly  by  parties  interested  in  private  forest 
properties.  The  testimony  of  numerous  eminent  and  practical  engineers 
in  favor  of  the  latter,  and  the  steady  increase  of  their  use  after  years 
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of  experiment  and  experience,  brings  the  balance  of  competent  opinion 
decidedly  in  favor  of  the  metal  ties.  In  February,  1888,  the  following 
prices  were  given  by  a  correspondent  of  Indian  Engineering,  a  Calcutta 
paper,  the  prices  for  the  wooden  and  cast-iron  ties  being  those  of  the 
East  Indian  Railway  and  that  of  the  steel  ties  of  the  Oude  and  Rohil- 
kund  Railway:  Sid  and  deodar  ties  cost  5  rupees  ($1.66)  and  3  rupees 
8  annas  ($1.16)  each,  respectively ;  but  as  the  iron  chairs  and  fasten- 
ings cost  1  rupee  13  ann.as  9  pice  (60  cents),  the  total  cost  per  tie  was  6 
rupees  13  annas  9  pice  ($2.26)  and  5  rupees  5  annas  9  pice  ($1.76)  each, 
respectively.  The  Denham-OIpherts  cast-iron  plate  ties  cost  5  rupees 
13  annas  ($1.91)  each  complete,  and  the  steel  ties  9  rupees  4  annas 
($3.05)  each,  imported.  The  average  life  of  a  deodar  tie  is  about  ten 
years  and  of  sal  about  eighteen  years ;  other  authorities  give  the  life  at 
twelve  years  for  sal,  seven  years  for  deodar,  and  five  years  for  creosoted 
pine.  The  number  of  renewals  has  been  put  at  about  10  per  cent,  per 
annum  for  wood  and  1  per  cent,  per  annum  for  Dcnham-Olpherts  iron 
ties.  Jungle-wood  ties  have  been  tried  on  the  Rohilkund  and  Kumaon 
Railway,  but  the  wood  was  found  unsuitable  for  this  purpose,  as  it  can 
not  stand  exposure  to  wet  and  rain,  and  decays  very  rapidly.  At  the 
beginning  of  1887  there  were  70,000  of  these  ties  in  the  track,  but  during 
that  year  21,000  were  renewed,  and  in  the  first  half  of  1888  over  17,000 
were  renewed,  that  is  to  say,  in  eighteen  months  more  than  half  the 
ties  on  the  line  had  been  reriewed.  Sal  was  used  in  place  of  the  jungle 
wood,  and  the  company's  report  of  November,  1888,  stated  that  there 
were  at  least  5  sal  ties  under  every  rail.  The  weight  of  the  heaviest 
wooden  tie,  with  chairs,  spikes,  etc.,  complete,  is  about  240  pounds  j 
and  of  deodar  ties  180  pounds. 

It  has  been  claimed  that  in  case  of  derailment  there  is  likely  to  be 
less  damage  to  track  and  rolling  stock  if  the  accident  occurs  where 
wooden  ties  are  used  than  would  be  the  case  where  metal  ties  are  used ; 
while  this  may  be  true  to  some  extent,  the  metal  tie  is  likely  to  give  a 
better  and  safer  track  and  less  liable  to  derailment  than  a  wooden  tie. 
European  experience  has  shown  that  a  steel-tie  track  can  be  made  to 
withstand  derailments,  and  the  Sind-Pishin  Uailway  in  India  has  put 
ill  a  hydraulic  press  for  reshaping  steel  ties,  and  steel  ties  damaged  in 
this  or  other  ways,  have  been  repaired  at  small  cost  and  put  in  service 
again. 

The  following  comparative  estimates  of  the  cost  and  expenses  of 
wooden  and  metal  ties  appeared  in  the  Indian  Engineer  during  1888.  The 
first  is  for  deodar  wood  and  Denham-OIpherts  cast-iron  ties  in  main 
track ;  and  the  second  is  for  sal  wood  and  cast-iron  bowls  for  sidings. 
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No.  1  (wood). 

1,760  deodar  ties,  with  fittings,  at  5  rupees  1  anna 

70,200  cubic  .yards  ballast,  at  5  rupees  per  100 

Less  valne  of  1,760  fire-wood  ties,  at  4  annns  (8  cents),  when  taken  out  of  track. 
Balance 

No.  1  (iron). 

1,760  Denham-Olpherts  ties,  complete,  at  6  rupees 

55,440  cubic  feet  of  ballast,  at  5  rupees  per  100 

Less  Taluo  of  3,5*20  plates  and  3,620  jaws  when  broken,  less  5  per  cent,  for  loss 
of  small  pieces  =  148i  tons,  at  30  rupees  ($10.) 

Balance 


Rupees. 


8,910 
3.960 


12, 870 
440 


10,560 
2,772 


13, 332 
4,455 


8,877 


United 
States  cur- 
rency. 


$2, 070.  00 
1, 320.  00 


4, 290. 0(1 
146. 60 


4, 143. 34 


3, 520. 00 
924. 00 


4, 444.  00 
I.-ISS.OO 


2, 959. 00 


Tbis  shows  a  saving  of  3,553  rupees  ($1,184.34)  per  mile  by  usiug  iron 
instead  of  wooden  ties,  supposing  the  life  of  each  to  be  the  same ;  but 
as  the  former  will  last  at  least  twice  as  loug  as  sal,  and  three  times  as 
long  as  deodar,  the  economy  is  still  greater. 


No.  2  (wood). 

1,600  sftl  ties,  at  5  rupees  each 

3,200  cast-iron  cliairs  (21  pounds)  8  annns  each 
6,400  wrought-iron  spikes  .at  1  auna  each 

Total 

No.  2  (iron). 

1,600  bowl  ties,  complete,  at  7  rupees  each 

Extra  cost  of  laying 

Total 


Bupees. 


8,000 

1,600 

40U 


10.000 


11, 200 
100 


11,  300 


United 

States  car- 

rency. 


$2,  666.  66 
533.  34 
133.  33 

3,  333.  33 


3,  733. 33 
33.  :i3 


3, 766.  f.6 


The  saving  in  first  cost  would,  therefore,  be  1,300  rupees  ($433.33)  per 
mile  in  favor  of  the  wooden  ties.  Under  the  most  favorable  conditions 
the  cost  of  the  track  with  wooden  ties  for  50  years  would  be  as  follows : 


Rupees. 


United 
States  cur- 
rency. 


First  cost  

Two  renewals,  1,600  by  2  new  ties,  at  5  rnpees 

Total 


10,  000 
16,  000 


$3,  333.  33 
5, 333.  33 


26,  (00 


8,  666. 66 


The  value  of  the  wooden  ties  taken  out  would  not  more  than  pay  the 
cost  of  labor  in  taking  out  the  old  and  putting  in  new  ties,  and  may 
therefore  be  left  out  of  consideration.  The  cost  of  the  track  with  iron 
ties  for  the  same  period  would  be  11,300  rupees  ($3,766.06)  per  mile  for 
first  cost  ami  labor,  or  a  total  saving  of  14,700  rui)ees  ($4,900)  per  mile 
in  favor  of  the  metal  ties.    In  such  sidetracks,  except  in  case  of  acci- 
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dent,  the  life  of  these  metal  ties  may  bo  estimated  at  fifty  years,  while 
wooden  ties  require  renewal  every  twelve  or  fifteen  years,  it  being  an 
undoubted  fact  that  white  ants,  wet  and  dry  rot,  etc.,  destroy  wooden 
ties  much  faster  in  sidings  than  in  tlie  main  track. 

There  are  materially  different  conditions  in  ditterent  parts  of  so  large  a 
country;  but,  speaking  generally,  wood  is  not  procurable  in  quantity  as 
a  rule,  and  must  therefore  be  transported  from  one  section  to  another  to 
a  certain  extent.  In  Bengal  wooden  ties  last  about  five  years,  as  they 
soon  split  under  the  intense  heat  and  rot  during  the  rainy  season.  lu 
Burmah  iron-wood  and  teak  ties  are  used;  the  former  is  not  attacked  by 
the  white  ants  and  is  little  affected  by  dry  rot,  the  latter  is  softer  and 
lasts  about  8  or  10  years.  Native  hard  and  soft  woods  cost  too  much  and 
are  not  obtainable  in  sufficient  quantity ;  imported  creosoted  pine  is 
cheaper  but  not  durable.  The-  tropical  climate  is  hard  on  wood,  and  the 
white  ants  destroy  large  quantities  of  timber  in  a  very  short  time.  Metal 
in  some  form  or  other  is  surely  taking  the  place  of  wood.  Sir  A.  M.  Ren- 
del,  consulting  engineer  of  state  railways,  states  that  the  cast-iron  plates 
and  steel  crossties,  though  dearer  in  first  cost  than  imported  Baltic  tiui- 
ber,  and  in  Upper  India  than  sal  or  deodar,  are  cheaper  In  maintienancc 
than  any  kind  of  wood.  Metal,  taking  durability  into  account,  is  cer- 
tainly more  economical,  and  in  Bengal  steel  ties  are  used  for  cheapness 
and  because  timber  is  not* procurable  with  facility  or  in  sufiBcient  quan- 
tity. The  advantages  of  metal  are  eminently  in  economy.  Comparisons 
made  by  engineers  on  the  state  railways  between  tracks  with  metal  and 
tracks  with  wooden  ties  show  decidedly  in  favor  of  the  former.  But 
metal  ties  are  also  more  efficient,  and  one  of  these  engineers  stated  in 
his  report  that,  in  his  opinion,  metal  ties  should  be  used  in  preference 
to  wooden  ties  even  if  the  latter  were  obtainable  sufficient  in  quantity 
and  quality  at  the  existing  prices.  It  is  difficult  to  obtain  a  large  and 
regular  supply  of  wooden  ties,  and  the  price  of  timber  is  said  to  have 
been  doubled  during  the  last  twenty  years. 

Tie-bars. — When  separate  pieces  are  used,  connected  by  a  transverse 
tie-bar  or  tie-rod,  as  in  the  case  of  cast  iron  bowls  or  plates,  experience 
has  shown  that  each  pair  should  be  so  connected.  In  the  case  of  floods 
on  the  Northwestern  Railway  in  November,  1887,  at  a  part  where  only 
the  alternate  pairs  of  bowls  were  connected  by  tie-rods,  the  sinking  or 
softening  of  the  embankment  allowed  the  disconnected  bowls  to  part 
when  the  weight  of  an  engine  came  upon  them,  and  a  train  was  thereby 
derailed  and  wrecked.  After  that  it  was  decided  to  put  a  tie-bar  to 
every  pair  of  bowls. 

Bowl-ties. — In  The  Indian  Engineer,  January  10,  1889,  it  was  stated 
that  about  twenty-three  years  previous  this  type  of  track  was  not  in 
favor  on  the  Madras  Railway,  and  large  stocks  were  allowed  to  lie  on 
the  beach  at  Royapuram  for  months  together;  now  it  is  the  standaiil 
for  the  whole  line.  More  than  twenty  years  ago  the  East  Indian 
Railway  Company  found  that  this  same  form  of  tie  was  nnsuite-d  for  a 
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line  with  high  speeds  and  heavy  loads,  and  they  were  either  replaced 
by  some  other  type  or  used  in  sidings  only;  in  the  face  of  this  the  Great 
Indian  Peninsula  Eailway  still  adheres  to  it  as  its  standard  tie,  and  is 
not  onl3'  using  it  for  maintenance,  but  also  on  tlie  doubling  of  the  line 
which  is  being  pushed  on  vigorously.  The  Indian  Midland  Railway  is 
also  using  it,  and  the  Sind,  Punjab,  and  Delhi  section  of  the  Northwest- 
ern Railway  is  still  laid  with  bowls  for  some  distance,  although  in  this 
part  of  the  country  they  are  not  held  in  such  high  estimation  as  formerly. 
The  Oude  and  liohilkund  Railway  is  now  using  a  bowl-tie  of  corrugated 
steel.  Mr.  Ernest  Benedict,  in  a  paper  on  Metal  Sleepers  for  Railways, 
read  before  the  Institution  of  Engineers  and  Shipbuilders,  Glasgow, 
Scotland,  in  March,  1877,  mentioned  the  following  roads  as  using  cast- 
iron  bowls:  Madras  Railway,  800  miles;  Oude  and  Robilkund  Railway, 
444  miles;  Great  Southern  of  India  (South  Indian),  86  miles;  Scinde, 
Punjab,  and  Delhi  Railway;  Bombay,  Baroda,  and  Central  India  Rail- 
way ;  East  Indian  Railway ;  Eastern  Bengal  Railway ;  Calcutta  and 
Southeastern  Railway. 

The  Government,  in  1875,  decided  against  cast  iron  bowl  sleepers  (ties)  on  the 
Madras  Rail  way  and  in  Bengal,  on  the  ground  of  their  extra  cost  as  compared  with 
wooden  sleepers.  They,  however,  made  a  proviso  that  if  iron  sleepers  could  be  made 
in  India  of  native  iron  this  conclusion  might  be  reversed.  The  question  of  the  com- 
parative advantage  of  wooden  and  iron  sleepers  should,  they  said,  be  treated  from  a 
purely  financial  point  of  view;  that  is,  all  payments  whether  in  first  cost,  renewals, 
or  interest  on  both,  should  be  taiieu  as  part  of  the  money  spent  on  the  sleepering. 
Supposing  the  bowls  to  last  twenty-four  years,  the  total  amount  spent  on  them  (in- 
cluding prime  cost,  renewals,  and  interest)  would  come  to  36,846  rupees  a  mile  ar.  the 
end  of  the  twelfth  year,  and  74,063  rupees  at  the  end  of  the  twenty-fourth  year. 
Taking  the  bowls  to  last  fifty  years,  the  figures  would  be"  32,734  rupees  and  62,574 
rupees.  With  wooden  sleepers  lasting  twelve  years,  the  cost  would  be  23,530  rupees 
and  52,551  rupees,  respectively. 

Mr.  Benedict  believed  at  that  time  in  a  comparatively  small  bowl,  of 
circular  form,  with  the  bearing  in  the  center;  plenty  of  these  ties  to  be 
used  and  each  pair  connected  by  a  tie-bar.  He  considered  them 
stronger,  handier  for  the  natives,  and  more  firm  in  the  ballast.  While 
tliey  had  not  been  tried  on  lines  with  very  heavy  traffic,  he  believed 
they  would  answer  on  all  other  lines,  and  in  side  tracks  would  be  prac- 
tically everlasting.  In  regard  to  the  white  ants,  he  stated  that  they 
work  in  a  covered  way  of  clay  ;  they  could  not  bear  the  shaking  of  a 
railway  which  destroyed  their  covered  way,  and,  therefore,  did  not 
attack  ties  in  the  main  track. 

In  some  cases  the  bowls  were  found  to  make  too  rigid  a  track,  and 
in  some  rock  cuts  it  became  necessary  to  put  a  greater  depth  of  ballast 
under  them. 

Manufacture  of  ties  in  India.— Ciist-iron  ties  are  now  manufactured 
at  the  Burrakur  Iron  Works,  Burrakur,  Bengal,  and  at  the  works  of 
the  East  Indian  Railway  Company,  at  Jamalpur,  Bengal.  The  engi- 
neering press  advocates  the  establishment  of  more  extensive  works,  so 
as  to  make  the  manufacture  of  ties  and  other  material  for  railways  and 


219 

general  use  a  home  industry,  iusteiul  of  importing  so  largely  from 
England  as  at  present.  There  is  abundance  of  good  ore,  with  coal  and 
limestone,  all  practically  unworked,  while  thousands  of  tons  of  cast- 
iron  ties  are  brought  from  England  every  year,  and  the  railways  have 
large  stocks  of  old  rails  on  hand.  Experience  at  the  railway  shops  and 
foundries  has  shown  that  native  labor  can  be  utilized.  The  Govern- 
ment has  been  urged  to  assist  in  tins  enterprise,  and  there  have  been 
propositions  to  establish  steel  works  at  Burrakur.  The  Burrakur  Iron 
Works  supply  pig  iron  and  manufacture  large  quantities  of  railway 
chairs  and  ties.  In  February,  1888,  it  was  reported  that  they  were 
carrying  out  a  large  order  for  Denham-Olpherts  plate  ties,  at  the  rate 
of  10,000  per  month.  The  prices  of  chairs  and  ties  was  about  3  rupees, 
8  annas  per  112  pounds  (about  97  cents  per  pound) ;  or  55  to  58  rupees 
($18.33  to  $19.33)  per  ton.  From  Mr.  Ritter  von  Schwarz,  superintend- 
ent of  the  works,  I  have  received  a  very  full  report.  Jamalpuris  prac- 
tically a  railway  towu,  having  the  works  of  the  railway  company,  while 
the  majority  of  the  inhabitants  are  employed  in  the  offices  or  work- 
shops. At  the  foundries,  attention  has  been  given  to  the  production 
of  the  Denham-Olpherts  plate  ties,  the  company  using  its  own  scrap, 
supplemented  by  pig-iron  from  the  Burrakur  Iron  Works.  About 
10,000  tons  of  castings  have  been  worked  up  into  100,000  of  these  ties. 
During  the  year  ending  March  31,1889,  100,000  of  these  ties  were  made, 
and  the  men  were  then  at  work  on  a  number  for  the  Patna-Gya  Rail- 
way. At  the  end  of  1888,  the  shops  turned  out  400  or  500  complete 
ties  per  day.  A  large  quantity  of  the  Burrakur  iron  was  used,  the  use 
of  imported  iron  having  been  suspended.  The  wrought-iron  for  the  tie- 
bars,  keys,  etc.,  is  made  from  old  rails  and  other  scrap,  and  rolled  by 
the  company's  rolling-mill,  which  is  said  to  be  the  only  one  in  India 
and  is  worked  with  marked  success.  Having  found  that  considerable 
economy  would  result  from  manufacturing  the  ties  for  its  own  lines, 
the  company  has  engaged  an  inspector  from  England  to  superintend 
the  work  and  to  carry  out  the  tests  required  by  the  specifications 
adopted  for  similar  ties  manufactured  in  England. 

Cast-iron  vs.  steel  ties. — There  is  naturally  considerable  difference  of 
opinion  between  the  advocates  of  cast-iron  and  steel  ties,  and  the  matter 
of  breakages  and  damages  to  track  in  cases  of  derailment  of  trains  is 
one  of  the  disputed  points.  A  correspondent  of  Indian  Engineering, 
March  24,  1888,  stated  that  in  February,  1888,  a  spare  tender  was  de- 
railed at  a  crossing  and  dragged  for  200  feet  over  a  track  laid  with  Den- 
ham-Olphert's  cast-iron  plate  ties  without  doing  any  damage ;  the  track 
was  fully  ballasted.  He  also  instances  a  case  in  which  the  middle  car 
of  a  train  was  derailed  and  dragged  nearly  one-fourth  of  a  mile  over  a 
track  laid  with  wooden  ties  ;  every  deodar  and  fir  tie  was  damaged,  many 
being  broken  in  two,  and  having  to  be  taken  out;  the  track  had  been 
opened  out  for  repairs,  and  the  ties  were  uncovered.  In  this  connection 
it  should  be  noted  that,  while  accidents  are  among  the  points  to  be  cou- 
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sidered,  they  are  of  comparatively  minor  importance  to  the  question, 
and  it  must  be  remembered  that  the  results  of  accidents  are  very  vari- 
able. In  one  case  a  derailed  wheel  may  cause  very  little  damage  to  the 
track,  while  in  a  similar  case,  and  under  apparently  similar  conditions 
the  track  may  be  practically  destroyed.  As  a  rule,  cast-iron  is  not  consid- 
ered by  engineers  as  a  suitable  material  for  such  use  in  railway  track, 
owing  to  its  liability  to  fracture  under  sudden  or  heavy  shocks ;  and,  while 
undercertain  conditions,  this  material  has  given  good  results  and  has  been 
extensively  used,  the  general  experience— including  that  of  India — 
points  to  steel  as  the  metal  most  suitable  in  every  way  for  railway  ties. 
The  correspondent  above  referred  to  is  an  advocate  of  cast-iron  ties,  and 
claims  that  steel  ties  can  not  be  made  in  India,  have  little  if  any  value 
as  scrap,  and  are  difficult  to  tamp.  He  thinks  the  minimum  weight  of  a 
steel  tie  should  be  160  pounds.  The  future  growth  of  industry  in  India 
may  Include  the  establishment  of  steelworks,  as  noted  in  the  preceding 
paragraph,  and  certainly  the  steel  ties  are  very  highly  spoken  of  by 
competent  authorities.  It  is  said  that  the  Indian  Government  has 
adopted  the  steel  tie  for  the  State  and  frontier  lines,  on  account  of  the 
danger,  from  a  military  point  of  view,  attending  the  use  of  cast-iron 
bowls.  Experiments  have  shown  that  a  road  on  the  latter  can  be  de- 
stroyed in  a  very  short  time  with  a  few  sledge  hammers.  It  would  seem, 
however,  that  the  same  sledges  might  be  used  to  knock  out  the  key 
fastenings  of  the  steel  ties  for  a  few  rail  lengths  and  the  rails  removed  ; 
but,  of  course,  with  cast-iron,  the  jaws  would  be  knocked  and  the  bowls 
cracked,  rendering  them  quite  useless.  As  regards  the  cast-iron  plate 
ties,  it  is  said  that  cracked  plates  have  been  kept  in  the  track  without 
showing  any  tendency  to  shift. 

Steel  ties. — The  steel  ties  which  are  now  so  extensively  used  were  de- 
signed by  Sir  A.  M.  Rendel,  consulting  engineer  for  State  railways,  and 
have  given  excellent  results,  while  the  key  or  wedge  fastening  used  has 
proved  very  successful  in  service.  The  ties  are  of  mild  steel,  and  are 
manufactured  by  most  of  the  large  steel  works  in  England.  Mr.  Rendel 
states  that  any  danger  from  rust  is  very  remote,  and  that  the  ties  will 
stand  under  heavy  traffic.  Up  to  1888  about  525,000  tons  of  steel  ties 
had  been  sent  out  from  England,  and  about  70,000  or  80,000  tons  have 
been  sent  out  since  that  time.  An  objection  which  has  been  made 
against  some  of  these  ties  is  that  there  is  extra  trouble  in  renewals ;  the 
arrangement  of  the  clips  or  lugs  is  such  that  the  rails  have  to  be  canted 
in  order  to  fit  the  flange  of  the  rail  on  to  the  seat,  and  the  objection  is 
that  to  renew  one  tie  two  rails  must  have  the  joints  unfastened,  the 
keys  all  driven  out,  and  must  then  be  lifted  out ;  the  old  tie  is  then  re- 
moved, the  new  one  put  in  its  place,  the  rails  put  back,  keys  re-driven 
and  joints  fastened.  One  way  of  avoiding  this  trouble  is  to  bend  back 
one  of  the  lugs  of  the  tie  sufficiently  to  allow  the  tie  to  drop  from  the 
rail  when  the  ballast  is  removed,  but  it  is  difficult  to  get  a  purchase  on 
the  lugs  while  the  tie  is  in  place.    The  trouble  may  be  reduced  by  taking 
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out  one  rail  only,  and  then  tilting  up  the  free  end  of  the  tie  until  the 
otl)er  end  can  be  slipped  ott'  the  rail-flange;  The  objection  does  not,  of 
course,  obtain  with  ties  which  have  the  clips  sufliciently  wide  apart  to 
admit  the  rail-flange  horizontally.  The  engineers  of  the  roads  using 
these  ties  luive  reported  very  favorably  of  them.  (Notes  of  special  re- 
ports will  be  found  inclnded  in  the  matter  relating  to  the  Northwestern 
Railway,  Southern  iNIahratta  Railway,  Sind-rishin  Railway,  Nizam's 
Railway,  and  Sontli  Indian  Railway.)  Mr.  Bull,  of  the  Cuddapah- 
Nellore  Railway,  (Villnpuram  Uharmavaram  system),  and  Mr.  Lyle,  of 
Nizam's  RailjW'ay,  have  suggested  that  small  holes  on  the  top,  at  the  ends, 
would  facilitate  proper  tamping.  Sir  Juhind  Danvers,  in  a  paper  on 
"  The  Progress  of  Railways  aiul  Trade  in  India,"  read  before  the  Society 
of  Arts,  England,  in  March,  1889,  said:  "A  steel  sleeper  is  used  and 
found  very  serviceable."  Some  steel  ties  of  the  "  Post  "type  (Nether- 
lands State  Railways)  have  been  designed  for  India,  but  not  yet  intro- 
duced. 

Contracts  for  metal  ties. — The  following  is  a  list  of  some  of  the  con- 
tracts awarded  during  the  last  two  or  three  years ;  it  is  by  no  means 
complete,  or  even  approximately  so,  but  will  serve  to  show  that  these 
ties  are  now  firmly  established  in  India,  and  that  the  experimental  stage 
has  been  passed,  the  ties  being  ordered  from  time  to  time  like  any  other 
track  material : 

Indian  State  Railways:  Steel  ties,  July  19,  1887, December  4,  1888; 
steel  and  cast-iron  ties,  August  27,  1889. 

East  Indian  Railway  Company :  Cast  iron  plate  ties,  April  7,  1887, 
January  26,  1888,  February  14,  1889,  November  14,  1889;  steel  ties, 
October  31,  and  November  12,  18S0. 

Bengal  and  Nagpur  Railway  Company :  Steel  ties,  May  23,  1887 
(180,000),  February  28,  1888,  October  30,  1888  (216,000),  June  4,  1889 
(375,000). 

Southern  Mahratta  Railway  Company :  Steel  ties,  November  28, 1888, 
April  17,  1889. 

Indian  Midland  Railway  Company :  Cast-iron  bowls,  June  7,  1888. 

Madras  Railway  Company:  Cast-iron  bowls,  December  7, 1888. 

South  Indian  Railway  Company:  January  31,  1888(12,684  tons  of 
cast-iron  bowls),  November  27,  1888  (23,965  tons  of  steel  ties),  Febru- 
ary 5, 1889  (9,513  tons  of  cast-iron  bowls),  July  2,  1889. 

Bombay,  Baroda  and  Central  India  Railway  Company  :  October  18, 
1887,  and  February  11,  1889  (steel) ;  July  9,  1889  (cast-iron). 

Delhi,  Umballa  and  Kalka  Railway  Company:  February  27,  1889 
(100,000  pairs  of  cast-iron  plate  ties.) 

Indian  State  Railways. — About  twelve  or  fourteen  years  ago, 
according  to  a  statement  by  an  engineer  formerly  connected  with  these 
roads,  the  state  railways  were  using  on  the  meter-gauge  lines  an  iron 
rail  3.52  inches  high,  and  weighing  40  pounds  per  yard ;  the  fish-plates 
were  14^  inches  long,  weighing  1^  pouuds.    These  rails  were  laid  ou 
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ties  of  cieosoted  Norway  pine,  or  Indian  teak;  these  were  spaced  34 
inches,  center  to  center,  and  22  inches  at  joints.  The  most  common 
metal  ties  then  in  use  were  the  inverted  bowls  of  cast-iron,  with  chairs 
cast  on  top;  each  pair  of  bowls  was  connected  by  a  light  wroughtirou 
transverse  tie-rod.  There  was  also  a  wrought-iron  longitudinal  sup- 
port, with  chairs  bolted  on  top ;  the  longitudinals  were  of  inverted 
trough  section,  and  were  connected  by  wrought-iron  tie-rods.  In  both 
bowls  and  longitudinals  there  were  holes  iu  the  upper  part,  through 
which  sand  was  poured  and  rammed  to  give  a  firm  bearing.  (Whether 
the  longitudinals  were  used  on  the  state  railways  is  not  definitely 
stated.) 

A  brief  report,  giving  a  summary  of  the  trials  of  metal  ties  on  these 
lines,  was  made  in  1885  by  Sir  Guilford  L.  Molesworth,  consulting 
engineer  for  state  railways.  His  conclusions  were  in  favor  of  bowls,  or 
Denham-Olpherts  plate-ties  of  cast  iron,  with  vertical  wedge  fastenings, 
capable  of  alteration  of  gauge  on  sharp  curves.  Of  other  types  he  pre- 
ferred the  rolled  wrought-iron  Vautherin  tie  to  the  stamped  steel  Mac- 
Lellan  tie.  Considerable  progress  has,  however,  been  made  since  the 
date  of  his  report,  and  the  new  steel  tie  has,  as  already  stated,  come 
into  extensive  use. 

The  first  metal  ties  tried  were  Mr.  Greaves'  cast-iron  inverted  bowls, 
laid  in  1873.  They  were  laid  on  stone,  broken  small,  and  proved  fairly 
satisfactory.  (See  plate  No.  20.)  A  similar  tie  was  laid  on  the  Porada 
branch,  without  ballast,  the  soil  of  the  embankment  being  earth  and 
clay  mixed.  The  plan  answered  well  in  a  district  where  ballast  would 
have  been  expensive.  The  "Greaves"  bowls  were  of  circular  form, 
about  22  inches  in  diameter  across  the  bottom,  and  15  inches  long  on 
top  under  the  rail.  The  depth  under  the  rail  was  4f  inches ;  height  8^ 
inches  from  the  bottom  of  bowl  to  top  of  jaw  of  rail-chair ;  9f  inches 
from  bottom  of  bowl  to  top  of  rail.  The  thickness  varied  from  three- 
eighths  inch  to  one-half  inch,  and  the  weight  of  each  casting  was  79 
pounds.  The  rail  chair  was  in  the  middle  of  the  top,  and  on  each  side 
was  a  pocket  in  the  metal  for  a  wooden  packing-piece,  or  cushion,  3^^  by 
2^  inches,  and  1  inch  thick,  upon  which  the  rail  rested.  In  each  bowl 
were  two  holes  three-fourths  inch  in  diameter,  for  tamping  the  sand- 
ballast.  The  rails  were  of  double-headed  section,  4|  inches  high,  weigh- 
ing 68  pounds  per  yard.  Each  pair  of  bowls  was  connected  by  a 
wrought-iron  tie-bar  2  by  one-half  inches,  and  7  feet  9f  inches  long;  the 
bar  was  placed  on  edge  and  passed  through  each  bowl,  being  secured 
by  a  gib  on  one  side  and  a  cotter  on  the  other,  passing  through  slots 
in  the  bar.  A  complete  tie,  therefore,  consisted  of  two  bowls,  one  tie- 
bar,  two  gibs  and  two  cotters.  The  following  was  the  weight  per  mile 
in  tons  of  2,240  pounds  for  1,760  pairs  of  bowls: 

Tons.    Pounds. 

Cast-iroD  in  bowls 124  336 

Wronght-iron  in  tie-bars,  gibs,  and  cotters 21        1, 344 

Total 145        1,680 
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In  1876  a  few  cast-iron  ties  of  De  Bergue's  patent  were  sent  out  from 
England  and  were  tried  experimentally  on  the  meter-gauge.  (See  i)late 
20.)  They  consisted  of  a  pair  of  shallow  "  saucers,"  placed  bottom  down, 
and  connected  by  a  wroughtiron  tie-bar  2^  by  three-eights-inch,  the  up- 
per edge  of  which  engaged  with  a  groove  in  the  bottom  of  the  "saucer," 
while  the  lower  part  projected  down  into  the  ballast.  Flange  rails  were 
used,  and  were  fastened  by  iron  clamps  bearing  on  the  tie  and  the  inner 
flange  of  the  rail,  with  a  hooked  bolt  passing  through  the  clamp ;  the 
hook  held  the  bottom  of  the  tie  bar,  and  the  nut  was  screwed  down  on 
the  clamp.  The  weight  per  tie  was  54^  pounds,  and  it  was  intended  to 
use  eight  complete  ties  to  a  pair  of  40- pound  rails  21  feet  long. 

In  the  same  year  a  few  wrought-iron  cross-ties  of  the  "  Vautherin" 
type  were  also  tried  experimentally  on  the  meter-gauge.  (See  plate  20.) 
They  were  5.9  feet  long,  about  2|  inches  deep,  3^  inches  wide  on  top,  6J 
inches  wide  inside  at  the  bottom,  and  about  9  inches  wide  over  thebottom 
flanges ;  the  thickness  was  about  one-fourth  or  five-sixteenths  of  an  inch. 
(These  dimensions,  except  length,  are  measured  from  half-size  lithograph 
drawings,  and  are  therefore  only  approximate.)  The  ties  were  curved 
to  a  radius  of  19.05  meters  (62.5  feet),  giving  the  rails  an  inward  inclina- 
tion of  1  in  20 ;  they  were  curved  as  soon  as  they  left  the  rolls,  and  the 
exact  curve  was  afterwards  given  when  the  metal  was  cold.  The  weight 
was  about  12  kilograms  per  meter,  or  24.15  pounds  per  yard.  The  rails 
were  of  flange  section,  weighing  40  pounds  per  yard ;  the  outside  flange 
was  held  by  a  gib  and  the  inner  flange  bj'  a  gib  held  in  place  by  a  verti- 
cal cotter,  with  a  second  gib  or  packing-piece  inserted  between  the  back 
of  the  cotter  and  the  metal  of  the  tie. 

In  1878  two  types  of  Livesey's  wrought-iron  ties  were  tried  on  the 
Western  Eajputana  line ;  one  consisting  of  a  pair  of  bowls  of  improved 
form,  and  the  other  consisting  of  a  pair  of  corrugated  plates  of  inverted 
trough  section,  the  trough  being  parallel  with  the  rails,  with  the  corru- 
gations at  right  angles  with  them.  (See  plate  No.  20.)  In  both  types 
the  pieces  were  connected  by  tie-bars  1^  by  three-eights-inch,  passing 
through  and  secured  by  a  gib  on  the  outer  side  and  a  cotter  on  the  inner 
side  of  each  piece.  The  gauge  was  1  meter.  The  rails  weighed  40 
pounds  per  yard,  and  were  generallj-^  secured  to  the  bowls  by  a  riveted 
clip  on  the  outer  side,  and  a  bolted  clip  on  the  inner  side;  while  to  the 
corrugated  plate-ties  they  were  secured  by  two  riveted  clips  on  the  outer 
side,  and  a  bolted  clip  on  the  inner  side;  in  some  cases  a  gib  and  cotter 
fastening,  similar  to  that  of  the  Vautherin  tie,  was  used.  The  patentee 
proposed  to  lay  six  complete  ties  to  a  pair  of  rails  21  feet  long,  and  the 
weight  of  track  complete  was  estimated  at  40  tons  per  mile.  These 
were  reported  upon  unfavorably. 

The  MacLellan  steel  cross-ties  used  in  1882  were  of  similar  type  to 
the  new  standard  steel  ties,  and  were  used  for  meter  gauge  lines  with 
rails  weighing  41^  pounds  per  yard.  They  were  5  feet  3  inches  long 
over  all,  each  stamped  from  a  plate  5  feet  6  inches  long,  14  inches  wide, 
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and  three-sixteenths  inch  thick.  The  thickness  was  uniform,  but  the 
cross-section  of  the  tie  varied ;  at  the  rail-seat  it  was  flat  for  about  5 
inches,  3^  inches  deep,  and  9^  inches  wide  over  the  bottom ;  at  the 
middle  it  was  of  arched  section  4^  inches  deep  and  8^  inches  wide  at 
the  bottom,  while  at  an  intermediate  point  it  was  4J  inches  deep  and 
8^  inches  wide.  The  ends  were  bent  to  give  the  rails  an  inward 
inclination,  and  the  extremities  were  closed  by  rounding  oft'  the  top 
table.  The  fastenings  were  of  the  gib  and  cotter  type,  above  described. 
The  tie  weighed  50  pounds  and  the  fastenings  3^  pounds.  The  ties  for 
lines  of  5  feet  6  inches  gauge  were  8  feet  6  inches  long,  made  from  plates 
8  feet  9  inches  long,  15  inches  wide,  and  seven  thirty-seconds  inch 
thick,  the  finished  tie  being  three-sixteenths  inch  thick ;  the  cross- 
section  was  nearly  identical  with  the  above,  but  at  the  rail  seat  it  was 
flat  on  top  for  a  width  of  6  inches,  9|  inches  wide  at  the  bottom,  and  4 
inches  deej);  the  tie  weighed  100  pounds,  and  the  fastenings  5  pounds. 

The  cast-iron  bowls  designed  by  Mr.  Molesworth  in  1878  were  for 
meter  gauge  lines  with  flange  rails,  and  were  of  a  generally  similar  form 
to  those  first  described  (1873) ;  they  were  18  inches  in  diameter,  with 
radial  ribs  on  the  outside ;  one'flange  of  the  rail  was  held  by  a  project- 
ing lug  or  jaw,  and  the  other  by  a  wrought-iron  gib  and  cotter.  The 
thickness  was  tive-sixteenths  inch  in  the  web,  and  the  depth  inside  was 
3§  inches.  The  tie-bar  was  2  by  f-inch  and  6  feet  1  inch  long;  it  was 
laid  on  edge,  and  passed  through  the  bowls,  being  secured  to  each  by  a 
gib  on  the  inner  side  and  a  cotter  on  the  outer  side  of  the  track.  An 
adjustment  of  one-fourth  inch  at  curves  could  be  obtained  by  reversing 
the  positions  of  one  gib  and  cotter,  or  one- half  iii6h  by  reversing  both 
gibs  and  cotters.  The  modification  of  1882  consisted  in  the  use  of  a 
vertical  cast  iron  gib  and  cotter  fastening  for  the  rails.  The  tie-bar 
was  of  wrought  iron  or  steel,  IJ  by  |  inch,  and  4  feet  7f  inches  long ;  it 
had  notches  thirteen-sixteenths  inch  wide  by  three-eighths  inch  deep, 
accurately  punched  to  tem[)let  to  give  the  gauge;  a  plug  in  a  hole  in 
the  top  of  each  bowl  under  the  rail  engaged  with  the  notch  in  the  bar; 
the  faces  of  this  gauge-plug  were  not  vertical,  and  there  was  thus  a 
difference  of  gauge  according  to  the  different  positions  of  one  or  both 
plugs.  By  this  arrangement  the  gib  and  cotter  fastenings  at  the  end 
of  the  tie-bar  are  dispensed  with.  These  ties  were  tried  on  the  Tirhoot 
Railway  and  the  Fazilka  Branch  of  the  Eajputana-Malwa  Railway. 

The  Denham-<  )lpherts  cast-iron  plate  ties  are  described  fully  later 
on.  Mr.  Molesworth  devised  a  modification,  consisting  in  the  use  of  a 
cast-iron  wedge  with  one  of  its  faces  corrugated ;  this  is  driven  between 
a  fixed  lug  and  the  loose  jaw  which  holds  the  inner  flange  of  the  rail. 
(See  Plate  No.  21).  The  shape  of  these  wedges  is  such  that  when  the 
corrugated  face  of  each  wedge  in  a  complete  tie  is  towards  the  middle 
of  the  track  the  gauge  is  3  feet  3|  inches  (1  meter) ;  when  one  wedge 
is  turned  with  its  corrugated  face  to  the  outside  of  the  track  the  gauge 
is  three-eighths  inch  slack,  and  when  both  wedges  are  so  turned  the 
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gauge  is  three-fourths  inch  slack.  This  arrangement  lias  not  been  very 
successful,  owing  to  the  diiliculty  of  accurate  fitting  in  casting;  while 
such  fitting  could  probably  be  secured  by  careful  work,  the  system  is 
more  complicated  than  the  ordinary  fastening.  A  simple  plan,  sug- 
gested by  Mr.  Schwarz,  of  the  Burrakur  Iron  Works,  is  to  use  at  the  ends 
of  the  tie-bar  gibs  of  different  widths,  arranged  in  offsets ;  the  gauge 
would  be  tight  or  slack  according  as  the  gibs  were  put  with  the  wide 
or  narrow  part  in  the  slot. 

In  1881  proposals  were  advertised  for  cast-iron  bowls  slightly  differ- 
ent from  those  made  in  1878  for  the  PatnaGya  Railway.  They  were 
oval  in  plan,  23^  inches  long  by  20 J  inches  wide  on  the  bottom,  5  inches 
deep  in  the  middle,  11  inches  center  to  center  of  the  wooden  bearing 
pieces ;  the  thickness  was  about  f  inch.  The  tie-bars  were  7  feet  10 
inches  long,  2^  by  J  inch,  placed  on  edge,  and  secured  by  gibs  and  cot- 
ters driven  horizontally.  The  rails  were  of  double-headed  section,  se- 
cured between  the  jaws  of  the  chair  by  a  wooden  key  driven  on  the  out- 
side of  the  rail. 

The  new  type  of  steel  tie  now  in  extensive  use,  and  which  is  the 
standard  metal  tie  of  the  state  railways,  is  a  cross-tie  of  rounded  trough 
section,  with  closed  ends,  and  having  an  extra  thickness  of  metal  in  the 
top  table ;  in  its  general  form  it  resembles  half  a  pea-pod.  They  are 
modified  from  the  older  type  of  MacLellan  steel  ties,  to  meet  the  objec- 
tions made  by  Sir  Guilford  L.  Molesworth,  consulting  engineer,  as  to 
the  want  of  metal  at  the  fastenings.  They  were  first  made  for  the 
frontier  lines,  but  are  now  adopted  for  all  classes  of  lines,  both  of  meter 
gauge  and  the  Indian  gauge  of  5  feet  6  inches.  (See  plate  No.  22.) 
They  are  made  of  mild  steel  plates  rolled  flat  to  the  desired  thickness 
and  then  pressed  or  stamped  while  red-hot  between  dies  in  a  press, 
which  operation  turns  down  the  sides  and  shapes  the  ends  (which  are 
curved  down  and  flared  out),  gives  the  rail-seat  an  inclination  of  1  in  20 
and  presses  out  the  two  clips  or  lugs  for  each  rail.  The  steel  is  speci- 
fied to  be  equal  to  a  tensional  stress  of  between  26  and  31  tons  per 
square  inch,  with  a  contraction  of  30  per  cent,  of  the  tested  area  at 
the  point  of  fracture.  The  space  between  the  edges  of  the  lugs  is 
slightly  narrower  than  the  width  of  the  rail-flange,  so  that  the  rail  has 
to  be  canted  or  tilted  to  one  side  to  put  it  into  place.  This  has  the  dis- 
advantage of  preventing  the  removal  of  one  tie  independently  of  the 
rest  of  the  track,  as  in  order  to  take  out  one  tie  the  two  rails  must  be 
loosened  for  their  whole  length  and  tilted  over,  or  one  rail  loosened  and 
the  tie  tilted  up.  Each  rail  is  secured  by  a  taper  key  with  a  split  end, 
which  is  driven  between  one  of  the  lugs  and  the  rail-flange  overlapping 
the  flange.  They  are  usually  on  the  outer  side  of  the  rail,  but  one  or 
both  may  be  placed  on  the  inner  side  if  the  gauge  is  to  be  widened. 
After  the  key  is  driven  the  split  end  is  opened  with  a  chisel,  to  prevent 
the  key  from  slacking  back  or  working  loose.  The  ties  are  dipped  in  a 
black-varnish  solution.  They  are  not  patented. 
22893— Bull.  4 16 
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For  the  5  feet  6  inches  gauge,  the  ties  are  made  from  plates  9  feet 
long  and  15  inches  wide,  with  the  middle  thirteen  thirty-seconds  inch 
thick  for  a  width  of  4^  inches,  and  the  sides  about  seven  thirty-seconds 
inch  thick  (specified  to  be  of  such  thickness  as  will  make  the  tie  weigh 
120  pounds).  The  finished  tie  is  8  feet  9  inches  long ;  at  the  rail  seat  it 
is  9^  inches  wide  at  the  bottom  and  4^  inches  deep;  at  the  middle  it  is 
4§  inches  deep  and  8i  or  '9  inches  wide  at  the  bottom,  while  at  an 
intermediate  point  it  is  4i  inches  deep  and  9  inches  wide;  the  ends  are 
13  inches  wide.  The  lugs  Jire  3  inches  long  and  the  keys  8  inches  long. 
The  tie  weighs  120  pounds  and  the  keys  1  pound  each,  making  a  total 
of  122  pounds  for  each  tie,  complete.  The  rails  are  of  flange  section, 
4}f  inches  high,  4  inches  wide  over  the  flange,  and  weighing  75  pounds 
per  yard.  For  the  meter  gauge  the  tie  is  made  from  a  plate  5  feet  9 
inches  long  and  14  inches  wide,  with  the  middle  part  three-eighths  inch 
thick  for  a  width  of  4  inches,  and  the  sides  about  three-sixteenths  or 
one-fourth  inch  thick  (specified  to  be  of  such  thickness  that  the  tie  will 
weigh  69  pounds).  The  finished  tie  is  5  feet  6  inches  or  5  feet  7  inches 
long ;  at  the  middle  it  is  flat  on  top  for  a  width  of  4  inches,  and  the 
bottom  width  is  9.J  inches ;  at  the  middle  it  is  of  arched  section,  8^ 
inches  wide  at  the  bottom  and  5  inches  deep.  The  ends  flare  out  to  a 
width  of  13  inches.  The  lugs  are  3  inches  long,  spaced  2^  inches  apart 
in  the  clear,  and  the  keys  are  6  inches  long.  The  tie  weighs  69  pounds 
and  the  two  keys  1.25  pounds,  making  70.25  pounds  for  the  tie  com- 
plete. The  rails  are  of  flange  section,  3J  inches  high,  3^  inches  wide 
over  the  flange,  and  weighing  41;^  pounds  per  yard.  The  price  of  the 
broad-gauge  ties  is  said  to  be  about  6  rupees  ($2)  each  in  India.  It  has 
been  stated  (The  Indian  Engineer,  March  31,  1888)  that  after  two  or 
three  years'  experience  the  general  opinion  was  that  these  ties  were  too 
thin,  especially  for  the  northwest  provinces,  where  the  soil  and  the 
ballast  are  of  a  peculiarly  corroding  character.  Sir  A.  M.  Eendel,  con- 
sulting engineer  in  England  for  the  state  railways  and  guaranteed 
lines,  who  introduced  these  ties,  prefers  them  to  the  cast-iron  plates. 
In  February,  1888,  there  were  over  3,000  miles  of  this  track  (including 
Mexico),  on  lines  of  all  descriptions  as  regards  grades,  curves,  etc. 
They  had  been  laid  during  the  past  ten  years,  but  principally  during 
the  previous  four  years.  The  traflic  was  not  then  very  heavy.  The 
weight  of  the  broad-gauge  locomotives  was  up  to  45  tons  in  all  and 
36  tons  on  three  pair  of  wheels,  which  would  be  increased  to  42  tons ; 
the  engines  of  the  meter  gauge  lines  had  a  weight  of  24  tons  on  six 
coupled  wheels.  The  ties  are  spaced  about  3  feet  apart  center  to  center, 
or  eleven  to  a  rail  length  of  30  feet.  The  cost  was  then  about  $20  per 
ton  delivered  at  a  port  in  England,  and  the  expense  of  maintenance 
had  been  very  low.  As  to  durability,  it  is  known  that  steel  ties  in  an- 
other form  have  lasted  for  sixteen  years  on  the  Oude  and  Eohilkund 
Railway  without  injury.    All  kinds  of  ballast  are  used,  but  gravel  or 


227 

fine  sand  is  the  best ;  the  behavior  of  the  ballast  under  the  tie  is  very 
good,  particularly  during  floods  and  rainy  seasons.  The  road-bed  is 
of  ordinary  type,  generally  well  ballasted.  There  is  no  trouble  with 
maintenance  of  track  nor  with  the  rail  attachments,  nor  from  break- 
ages. 

The  following  statement,  showing  the  quantities  and  various  descrip- 
tions of  metal  ties  which  have  been  sent  to  India  for  the  state  railways 
since  1874,  by  the  India  oflSce,  was  furnished  me  in  September,  1889,  by 
Mr.  Abercrombie  Jopp,  director-general  of  stores,  India  office,  London. 

Statement  of  iron  and  steel  ties  sent  to  India  by  the  India  office  during  years  1874  to  1889. 


Description  of  ties. 


Number 
supplied. 


Miles 

of  8iD<;le 

track. 


Meter  gauge : 

DeBergue's  system  ;  cast-iron  bowls pairs 

Vautherin  ;  wrought-iron  cross-ties ......'. number 

Cast-iron  bowls pairs 

■NVrought-iron  bowls do  . 

Wrough  t-iron  cross-ties number 

Steelcross-ties do.. 

Denbam-Olphert's  cast-iron  plates pairs 

Total  ties  for  meter  gauge ,. ... 

Indian  gauge  (5  feet  6  inches) : 

Ci>8t-irou  bowls , pairs 

Ste**!  cro8s-tie.s  number 

Denham-Olpbert's  cast-iron  plates ^ pairs 

Total  ties  for  3J-foot  gauge 

Total  of  complete  cross-ties 


7,040 
6,  332 
39, 018 
36.000 
286, 000 
723,  829 
347,000 


1, 445,  219 


364,361 

1,941,398 

245,  347 


2,551,106 


3, 996, 325 


4 
4 

20 

18 

143 

361} 

1734 


724i 


183i 

9884 
1224 


1,2944 


2,018} 


East  Indian  Eailway. — The  line  was  originally  laid  almost  entirely 
with  wooden  ties,  but  cast-iron  plate  ties  are  now  extensively  used.  The 
Siuhgharon  branch  is  laid  partly  with  Greaves  cast-iron  bowls  and 
partly  with  creosoted  fir  ties.  Creosoted  fir  and  sal  ties  are  used  gen- 
erally on  the  other  branches.  Cast-iron  bowls  have  been  used,  but  sev- 
eral years  ago  they  were  found  unsuitable  for  a  line  with  high  speed 
and  heavy  loads,  and  they  were  afterwards  only  used  in  sidings.  In 
1877  Mr.  Benedict,  in  a  paper  on  "  Metal  sleepers  for  railways,"  read 
before  the  Society  of  Engineers  and  Ship-builders,  Glasgow,  Scotland, 
stated  that  thus  far  the  bowls  had  not  done  well,  but  that  a  further 
trial  would  be  made.  The  steel  cross- ties  have  been  used,  but  the  stand- 
ard metal  tie  on  this  road  is  the  Deuham-Olpherts  cast-iron  plate  tie. 
In  the  company's  report  for  the  half  year  ending  December  31,  1889,  it 
was  stated  that  the  lavish  expenditures  during  the  past  few  years  upon 
renewals  of  the  line,  rej^lacing  iron  rails  with  steel  rails  and  wooden 
ties  by  metal  ties,  were  then  taking  effect,  as  there  was  no  longer  the 
heavy  maintenance  which  had  formerly  burdened  the  road,  and  it  was 
predicted  that  these  maintenance  expenses  would  continue  to  decrease 
with  the  gradual  extending  of  the  improvements. 
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The  length  of  this  system  opeu  for  traffic  on  December  31, 1888  (ex- 
clusive of  sidings),  was  as  follows : 

Miles.  Feet. 

East  India  Railway,  proper 1,513  2,376 

Tarakeshwar  Railway 22  1,214 

Patna-Gya  State  Railway 57  1,056 

Ghazipur-Dildarnagar  Prov.  State  Railway 11  5,239 

Sindia  State  Railway 74  4,657 


Total 1,677    3,982 

The  standard  type  of  track  consists  of  double-headed  steel  rails  30 
feet  long,  weighing  75  pounds  per  yard,  laid  on  Denham-Olpherts  cast- 
iron  plate  ties  weighing  227  pounds  each ;  eleven  ties  to  a  rail  length. 
The  total  number  of  these  ties  had  increased  from  413,000  at  the  end 
of  1882  to  1,311,000  at  the  end  of  1887,  the  latter  amount  representing 
about  680  miles  of  track.  At  the  prices  of  iron  in  April,  1888,  the  cost 
of  track  laid  with  these  ties  was  less  than  that  of  a  track  on  wooden 
ties.  The  breakages  since  1885  averaged  about  .84  per  cent,  per  annum. 
These  ties  are  described  in  full  farther  on.    (See  plate  No.  23.) 

In  January,  1888,  the  Government  called  for  an  exhaustive  report  on 
the  behavior  of  the  Denham-Olpherts  plate- ties  on  various  sections  of 
the  line,  and  also  for 'the  opinions  of  the  engineers  who  had  such  ties  in 
their  districts.  During  the  half-yearly  inspection  made  in  January  and 
February,  1888,  very  careful  examinations  were  made  in  order  to  form 
an  opinion  as  to  the  relative  merits  of  the  track  on  cast-iron  and  on 
wooden  ties,  and  in  April,  1888,  Major  W.  H.  Coaker,  deputy  consulting 
engineer  for  railways,  presented  his  report.  He  stated  that  the  ex- 
cessive oscillation  complained  of  on  some  sections  was  due  to  the 
rounded  shape  of  the  head  of  the  new  rails  and  not  to  irregularity  in 
gauge  caused  by  the  use  of  the  metal  ties,  as  had  been  alleged.  On  the 
whole  he  was  of  opinion  that  these  plate-ties  make  an  excellent  track, 
and  notwithstanding  the  use  of  stone  ballast,  which  is  generally  un- 
suited  for  cast-iron  ties,  the  track  was  fairly  elastic,  owing  to  the  rail 
being  suspended  by  its  head :  he  advised  the  use  of  twelve  ties  instead 
of  eleven  to  a  30  foot  rail  length,  and  this  has  been  adopted  in  some 
cases  where  the  rails  are  laid  to  break  joint.  As  to  irregularities  in 
gauge,  there  is  little  difference  between  track  on  cast-iron  and  on 
wooden  ties,  as  will  be  seen  by  the  following  summary  of  a  number  of 
gauge  tests  made  early  in  1888  and  included  in  Major  Coaker's  report : 


Wooden. 


Tight... 
Slack... 
Correct. 
Varied. . 


Total. 


In  regard  to  the  question  as  to  the  reported  difficulty  in  insuring  ac- 
curacy of  gauge  with  the  cast-iron  ties,  Mr.  Denham,  chief  engineer  of 
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the  railway  and  one  of  the  inventors  of  the  tie,  stated  that  this  was 
due,  First,  to  letting  separate  contracts  to  different  parties  for  the  cast- 
iron  and  wrought  iron  work  ;  Second,  to  faulty  packing  or  tamping,  as 
if  tamped  too  much  on  the  outside  the  plates  will  dip  inwards  and  nar- 
row the  gauge,  or  if  tamped  too  much  on  the  inside  the  gauge  will 
widen ;  this  trouble  can  be  avoided  by  having  the  work  carefully  done; 
Third,  to  the  difficulty  in  manufacturing  the  pieces  so  as  to  render  the 
gauge  exact  at  all  times,  although  careful  work  has  reduced  this  source 
of  trouble  to  a  minimum.  Mr.  Denham,  as  one  of  the  patentees,  pre- 
ferred not  to  make  a  statement  of  his  opinions  as  to  the  merits  and  de- 
merits of  the  tie,  but  sent  in  a  number  of  reports  from  the  district  en- 
gineers. While  differing  in  opinion  and  as  to  details,  the  impression 
given  by  these  reports  is  that  the  ties  are  very  satisfactory ;  rather 
frequent  packing  is  required  ;  but  as  there  is  not  the  trouble  with  the 
fastenings  that  there  is  with  the  wooden  ties,  the  track-men  have  more 
time  to  attend  to  the  packing,  and  the  net  result  is  a  redaction  of  the 
maintenance  expenses.  The  number  of  renewals  is  also  very  consider- 
ably reduced  below  that  of  wooden  ties,  eflecting  an  economy  of  over 
CJ  per  cent,  per  annum.  The  saving  in  maintenance  on  the  Allahabad 
division  is  estimated  at  821  rupees  ($273.80)  per  mile  per  annum  in  favor 
of  cast-iron  over  sal  ties;  on  this  division  there  were  in  January,  1888, 
276f  miles  laid  with  these  ties;  on  103J  miles  the  rails  rest  on  wooden 
cushions,  and  on  173J  miles  they  are  suspended  in  the  jaws  of  the  chairs; 
tbe  ties  were  first  laid  on  this  division  in  1880  for  a  length  of  5  miles. 

The  following  table  is  taken  from  the  report  of  the  chief  engineer, 
Mr.  Denham,  for  the  half  year  ending  December  31,  1888,  and  shows  a 
record  of  the  tie  work  during  that  period : 


Ties  in  track,  in- 
clading  sidings. 

Removed. 

Laid. 

Removal  on 
total. 

ToUl 
remov- 
al of 
each 
class. 

Jnly  1, 
1888. 

Decem- 
ber 31, 
1888. 

Defect-    Other 
ive.      causes. 

Total. 

Defect- 
ive. 

Other 
causes. 

Wooden  transverse : 
Fir  (10  ft.  by  10 

by  5  in.).. Kg.. 
Sal  (10  ft.  by  10 

by  5  in.).. No.. 
Others do.. 

423,793 

1,597,021 
896, 372 

394,346 

1,560,852 
892, 909 

19, 622     12, 773 

34,  868     39,  787 
11, 726     10, 422 

32, 395 

74,655 
22,148 

3,948 

38,486 
18.685 

Percent 

4.63 

2.18 
1.30 

Percent 

3-01 

2.49 
1.17 

Percent 

7.64 

4.67 
2.47 

Total do.. 

2, 917, 186 

2,  849, 107 

66,  216  1  62, 982 

129,196 

7,060} 
136 

1,219 

4 

61.119 

80,983} 
62 
1,722 

*2.26 

.89 

.09 

.48 
.01 

*2.16 

.09 
.07 
.03 

*4.42 

Iron: 

D  e  n  h  a  m-Ol- 

phert's    plnte 

ties  (227.37  lbs. 

each)  ..  pairs.. 
Denham's  plate 

ties  . ..  paii's.. 
Bowl  ties(228  lbs. 

each).,  pairs.. 
Others  ....So... 

1.451,076 

82,695 

237, 592J 
34,448 

1, 624, 909 

82,621 

238, 095} 
34.444 

6,747} 

78 

1,147 
4 

1,313 

58 

72 


.48 

.18 

.51 
.01 

Total 

1,805. 8  Hi 
4,722,997} 

1,  880, 159} 

6,976}     1,443 

8,419} 

82, 767} 

•.88 

•.08 

•  46 

Grand  total  . . . 

4,  729, 266} 

73,192}   64,425 

I 

137, 617} 

143,886 

*1.66 

•1.36 

•2.91 

•Ayerage. 
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The  next  table  shows  the  total  length  of  single  track  laid  with  wooden 
and  iron  ties  on  December  31, 1888 : 


East  Indian  Kailway  proper 
Other  lines 

Total 


Wooden. 


Mile*.    Feet. 

1,294    4,148 

101    1,329 


1, 396       197 


Iron  bowl. 


Miles.    Feet. 
79    2,903 


79    2,903 


Iron  plate. 


Mileg.    Feet. 

735    1, 630 

26    5,051 


762    1,401 


Wood  and 
iron  and  tim- 
ber inter- 
mixed; 


Miles.  Feet. 
265  5,030 
59    3,231 


325    2,981 


As  already  stated,  the  company  has  undertaken  the  manufacture  of 
cast-iron-plate  ties  at  its  Jamalpur  works,  and  early  in  1888  the  Bur- 
rakur  Iron  Works  were  turning  out  10,000  of  the  same  class  of  ties  per 
month  for  this  road. 

The  following  is  the  substance  of  a  detailed  statement  in  regard  to 
the  Deuham-Olpherts  cast-iron-plate  ties,  which  was  sent  to  me  in  Feb- 
ruary, 1888,  by  Sir  A.  M.  Rendel,  consulting  engineer.  There  were 
about  900  miles  in  all  on  the  East  Indian,  Eastern  Beugal,  and  branches, 
and  further  supplies  had  been  ordered.  The  divisions  laid  with  these 
ties  were,  as  a  rule,  level  and  straight ;  the  traffic  was  heavy  and  slow, 
hauled  by  engines  weighing  40  to  44  tons,  with  14  tons  on  each  pair  of 
wheels,  say  28  tons  on  two  pair  and  40  tons  on  three  pair  of  coupled 
wheels.  A  detailed  description  of  these  ties  is  given  further  on.  They 
are  spaced  about  3  feet  apart  center  to  center  of  tie -bars.  The  plates, 
with  their  jaws,  weigh  109  pounds  each,  or  218  pounds  per  pair ;  the 
tie-bar  and  accessories  weigh  28  pounds.  The  cost  for  one  tie  com- 
plete, including  tie-bar  and  fastenings,  was  then  about  $2.16,  de- 
livered at  an  English  port.  The  labor  of  maintenance  was  normal 
and  the  breakages  were  not  serious.  The  results  as  to  durability 
have  been  good.  Various  kinds  of  ballast  have  been  tried,  including 
broken  stone,  brick,  sand,  and  kunker  (this  latter  is  a  kind  of  nodular 
limestone,  commonly  burnt  for  lime  in  India ;  it  is  rather  soft).  The 
road-bed  is  of  ordinary  construction,  well  ballasted,  and  the  ballast  be- 
haves well  under  the  ties.  The  rails  are  of  double-headed  sections, 
weighing  75  pounds  per  yard ;  the  joints  are  suspended.  The  reason 
for  adopting  metal  ties  was  that  native  hard  or  soft  woods  cost  too 
much  and  were  not  obtainable  in  sufficient  quantities,  while  imported 
creosoted  pine  was  cheaper  but  not  so  durable.  The  general  results 
are  satisfactory,  and  there  is  no  particular  trouble  with  maintenance. 
As  compared  with  wooden  ties  they  are  more  durable  but  less  elastic. 
Various  kinds  of  wooden  ties  are  used,  but  the  tropical  climate  is  very 
bad  on  timber,  A  good  sal  wood  tie,  which  is  the  best  to  be  got  in 
India  and  is  sometimes  very  good,  costs  5  rupees  to  5  rupees  5  annas 
($1.01  to  $1.83.)    Mr.  Rendel  prefers  the  steel  cross-ties. 

A  cast-iron-plate  tie  designed  by  Sir  Bradford  Leslie,  formerly  chief 
engineer  of  the  road,  was  used  on  a  short  branch  line  crossing  the 
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Hoogbly  River  and  proved  quite  a  success;  it  could  be  easily  and 
^^quickly  laid  and  had  but  few  breakages.  The  plate  is  24  by  17  inches, 
the  greater  length  being  parallel  with  the  rail.  There  are  two  fixed 
jaws  on  the  outer  side  of  the  track  and  a  loose  jaw  on  the  inner  side; 
this  loose  jaw  has  a  projection  which  passes  through  a  slot  in  the  i)late 
and  straddles  the  tie-bar ;  it  is  held  in  place  by  a  flat  taper  key  driven 
through  it  and  through  webs  on  the  rail  chair.  The  plate  has  a  seg- 
mental rib  on  the  lower  side  with  two  transverse  ribs  or  webs  on  each 
side.  The  tie-bar  is  2  inches  deep;  it  is  set  on  edge  and  is  under  the 
plate,  passing  through  a  slot  in  the  longitudinal  rib;  at  each  edge  is  a 
notch  in  the  upper  edge  which  engages  with  a  downward  projecting 
flange  on  the  outer  edge  of  the  plate.  Double-headed  rails  are  used, 
and  are  supended  in  the  jaws,  as  in  the  Denham-Olpherts  ties." 

Patna  GYA  Railway. — This  line  is  now  operated  as  a  part  of  the 
East  Indian  railway  system.  Cast-iron  bowls  were  in  use  in  1877. 
(See  State  Railways  and  East  Indian  Railway). 

Rajputana-Malwa  Railway.— This  line  is  leased  by  the  Bombay, 
Baroda  and  Central  India  Railway  Company  and  forms  a  part  of  its 
system.  Wooden  ties  of  deodar  and  creosoted  pine  were  originally 
used,  but  as  the  latter  perished  very  rapidly  they  were  replaced  with 
deodar.  The  Fazilka  Branch  (50  miles  long)  of  the  Rewari-Ferozepore 
section  is  laid  with  steel  rails  on  Molesworth's  and  Denham-Olphert's 
iron  ties.    (See  State  Railways.) 

Bbngal-Nagpur  Railway. — This  road  is  to  be  about  800  miles 
long,  and  at  a  meeting  of  the  company  in  London  in  June,  1889,  it  was 
stated  that  294^  miles  were  then  open  for  traffic ;  track  had  been  laid 
on  260  miles  more,  of  which  45  miles  were  ready  to  be  put  in  operation 
as  soon  as  the  rainy  season  was  over.  Some  of  the  older  sections  of  the 
line,  built  about  1880-1881,  were  of  1-meter  gauge,  but  the  Indian  gauge 
of  5  feet  6  inches  having  been  adopted,  these  lines  are  being  converted 
to  the  broad  gange. 

The  type  of  track  adopted  consists  of  steel  flange  rails  on  steel  cross- 
ties,  except  in  those  places  where  timber  can  be  readily  obtained  from 
neighboring  forests.  In  April,  1888,  there  were  180  miles  laid  with 
steel  ties  (See  plate  No.  25).  These  ties  are  of  the  type  now  adopted 
for  the  State  railways  (already  described).  They  are  8  feet  9  inches 
long,  bent  to  give  the  rails  an  inclinatien  of  1  in  20,  and  have  the  ends 
curved  down  with  a  radius  of  9  inches  and  flared  out  to  a  width  of  13 
inches.  They  weigh  120  pounds  each  or  122  pounds,  with  two  keys. 
The  rails  are  secured  by  clips  stamped  up  out  of  the  top  table  of  the  tie; 
for  the  meter-gauge  sections  two  sets  of  clips  are  made,  one  set  for  each 
gauge,  the  object  being  to  permit  of  converting  the  gauge  of  the  line, 
wlule  keeping  the  meter-gauge  open  for  traffic.  The  rolled  section  from 
which  the  ties  are  made  is  of  trough  shape,  9  feet  long,  flat  on  top  for 
a  width  of  5J  inches,  11§  inches  wide  at  the  bottom,  3|f  inches  deep ; 
the  thickness  is  seven-thirty- seconds  inch,  with  the  middle  part  of  the 
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top  table  three-eighths  inch  thick  for  a  width  of  4J  inches ;  the  cor- 
ners are  bent  to  a  curve  of  1  inch  radius.  At  the  middle  the  cross- 
section  is  4|  inches  deep,  8  inches  wide  at  the  bottom ;  the  top  is  curved 
to  a  radius  of  lOJ  inches,  and  the  corners  to  a  radius  of  1|  inches ;  the 
distance  between  the  centers  of  the  corner  curves  is  3^  inches,  and  the 
sides  flare  outward  slightly  towards  the  bottom.  At  the  rail  seats  the 
top  is  flat,  giving  a  width  of  4^  inches ;  the  section  at  the  inner  rails 
(meter  gauge)  is  8J  inches  wide  at  the  bottom  and  4f  inches  deep ;  at 
the  outer  rails  (broad  gauge)  it  is  10  inches  wide  at  the  bottom  and  4^ 
inches  deep.  The  clips  are  3  inches  long  and  the  keys  8  inches  and  6 
inches  long  for  the  broad  and  narrow  gauges  respectively.  The  adjust- 
ment of  the  gauge  is  effected  by  driving  one  or  both  of  the  keys  on  the 
inside  instead  of  the  outside  of  the  track.  The  ties  are  steeped  while 
hot  in  linseed  oil  and  tarred.  They  were  manufactured  by  Bolckow, 
Vaughan  &  Co.,  of  England,  and  cost  $24.54  per  ton,  or  about  4  rupees 
8  annas  ($1.48)  each  in  India.  The  ties  are  spaced  3  feet  center  to  cen- 
ter, 1,760  to  the  mile.  They  are  laid  in  ballast  of  broken  stone  li  inches 
size  J  this  behaves  well  under  the  ties,  does  not  crush,  and  is  elastic  and 
clean.  It  has  also  been  proposed  to  lay  some  Denham  01[)herts  cast- 
ironplate  ties  as  an  experiment. 

These  steel  ties  were  adopted  on  account  of  the  low  cost  of  steel  and 
because  timber  was  not  procurable  in  suflBcient  quantity.  Wooden  ties 
last  about  five  years;  they  soon  split  from  the  intense  heat,  and  rot 
during  the  rainy  season.  The  climate  has  no  effect  on  the  metal  ties. 
Wooden  ties  are  used  to  some  extent,  and  the  rails  are  secured  to  them 
by  spikes  five-eighths  of  an  inch  square  in  the  shank  and  5  inches  long 
under  the  head,  with  a  notch  cut  in  the  sides  at  a  distance  of  If  inches 
from  the  point.  The  meter-gauge  line  was  laid  with  40-pound  rails 
on  teak,  sal,  and  creosoted  jnne  ties.  One  advantage  of  the  steel  ties 
is  that  the  number  of  separate  pieces  is  small  and  the  fastenings  are 
simple,  which  makes  the  track  very  easy  to  lay  with  rapidity  and  accu- 
racy. It  is  said  that  rust  is  liable  to  form  at  the  rail-seat,  but  the 
engineers  have  no  anxiety  on  this  account.  The  space  between  the 
clips  being  narrower  than  the  flange  of  the  rail,  the  rails  have  to  be 
canted  when  being  put  in  or  taken  out,  and  this  causes  a  good  deal  of 
extra  work  when  tie  renewals  are  to  be  made.  It  is  said  by  outside  au- 
thorities that  the  ties  are  of  too  light  section,  the  finished  thickness  be- 
ing about  three- sixteenths  of  an  inch.  The  road  being  new,  there  has 
not  yet  been  time  to  ascertain  their  durability  or  the  expense  of  main- 
tenance, but  up  to  the  date  of  the  reports  received  (April  and  May, 
1888),  the  general  results  have  been  satisfactory ;  not  one  tie  had  been 
damaged  and  the  engineers  were  well  satisfied  with  them.  Mr.  T.  R. 
Wynne  is  chief  engineer  and  Mr.  P.  T.  Large  is  superintending  engi- 
neer. 

The  rails  for  the  meter-gauge  weigh  41^  pounds  per  yard.  They  are 
3^  inches  high,  with  a  head  Iff  inches  wide  (having  inward  flaring 
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plane  sides),  and  a  flange  3/a  inches  wide  ;  the  clear  distance  between 
the  clips  for  these  rails  is  2^  inches.  The  rails  for  the  broad  gauge 
weigh  75  pounds  per  yard ;  they  are  4||  inches  high,  with  a  head  2}^ 
inches  wide  (having  inward  flaring  rounded  sides),  and  a  flange  4 
inches  wide ;  the  clear  distance  between  the  clips  for  these  rails  is  33 
inches.  The  joints  are  suspended  and  are  spliced  by  angle  splice-bars 
26  inches  long,  with  a  very  narrow  horizontal  flange;  there  are  six 
bolts,  the  inner  ones  spaced  6  inches  and  the  outer  ones  4  inches,  center 
to  center.  The  ruling  grade  is  1  in  150  and  the  sharpest  curve  1,000 
feet  radius.  The  engines  are  all  of  one  class  with  six  coupled  wheels; 
total  weight,  without  tender,  45  to  50  tons ;  weight  on  a  pair  of  wheels, 
11^  to  12  tons.  In  addition  to  the  passenger  traffic  there  is  a  heavy 
traffic  in  grain  ;  also  in  hides,  salt,  timber,  and  bamboos. 

Southern  Mahratta  Railway. — Steel  cross-ties  of  the  state  rail- 
way type  are  now  being  substituted  for  the  creosoted  pine  ties.  In  the 
report  for  the  half  year  ending  June  30,  1888,  it  was  stated  in  regard 
to  the  renewals  of  ties  that  some  part  of  the  line  was  built  as  a  famine 
relief  work  by  the  Government  before  the  railway  company  came  into 
existence,  and  the  Government  provided  also  some  of  the  tract,  which 
the  company  laid  down.  On  the  older  state  lines  of  meter-gauge 
half-round  creosoted  pine  ties  had  been  largely  used,  but  they  proved 
a  failure  and  had  to  be  renewed.  The  greater  portion  of  this  line, 
about  80  per  cent.,  is  laid  with  teak  or  steel  ties,  and  it  was  hoped  that 
the  renewals  would  be  less  expensive  than  on  other  roads.  About  10 
per  cent,  of  the  ties  in  the  line  were  then  of  creosoted  pine.  The  num- 
ber would  be  about  200,000,  and  27,000  had  been  renewed  during  the 
half  year. 

Mysore  section. — The  track  is  laid  with  41^-pound  rails,  on  teak  and 
creosoted  pine  ties. 

Bellary-Eistnah  section. — Early  in  1888  reports  on  the  new  type  of 
steel  ties  (state  railway  type)  were  made  by  the  district  engineers  to 
Mr.  La  Touche,  the  engineer-in-chief,  who  reported  to  the  director-gen- 
eral of  railways  in  September,  1888.  The  old  pattern  of  tie,  of  some- 
what similar  form,  but  with  gib  and  cotter  fastenings,  wa«  objection- 
able on  account  of  the  number  of  small  pieces — eight  to  each  tie — 
while  the  metal  was  so  thin  as  to  be  easily  broken  by  derailed  cars  or 
split  by  driving  the  keys  home.  There  was  no  adjustment  for  curves. 
The  close  spacing  of  the  clips  of  the  new  ties  was  objected  to.  In  stone 
or  clean  gravel  ballast  they  do  very  well,  but  in  soil  banks  the  edges 
cut  down  into  the  material  and  a  good  deal  of  extra  raising  and  pack- 
ing was  required.  The  increased  thickness  of  the  top  table  greatly  in- 
creased the  strength  and  efficiency  of  the  tie.     (See  State  Railways.) 

Indian  Midland  Railway. — The  older  parts  of  this  line  are  laid 
with  double-headed  rails,  weighing  75  pounds  per  yard,  on  Denham- 
Olpherts  cast-iron  plate  ties.  The  remainder  of  the  main  line  and 
branches  are  laid  with  steel  flange  rails  weighing  80  pounds  per  yard, 
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on  cast-iron  bowl  ties  (See  plate  No.  23.)  These  bowls  are  an  improve- 
ment upon  those  of  the  state  railways.  They  are  oval  in  plan,  25 
inches  long  by  20  inches  wide,  and  2 1\  inches  deep  under  the  rail.  In 
the  top  there  are  two  holes  2^  inches  in  diameter,  for  tamping.  The  tie 
bar  is  of  wrought  iron  7  feet  7  inches  long,  2  inches  deep  by  one-half 
inch  thick ;  it  is  secured  to  each  bowl  by  a  cotter  on  the  outer  side  and 
a  gib  on  the  inner  side  of  the  track.  There  are  eleven  pairs  of  ties  to 
a  rail  length  of  30  feet ;  they  are  spaced  2  feet  9^  inches  center  to  center 
of  tie  bars,  and  1  foot  1^  inches  at  the  joints.  The  spacing  of  the  ties  is 
slightly  modified  with  a  rail  length  of  29  feet  7^  inches,  but  the  three 
middle  ties  are  spaced  as  above — 2  feet  9^  inches — for  the  reason  that 
holes  are  drilled  in  the  outside  flange  of  the  rail  and  at  the  tie  on  each 
side  of  the  middle  tie,  for  a  pin  five-eighths  inch  diameter  and  If  inches 
long ;  these  pins  are  to  prevent  the  creeping  of  the  rails.  The  rails  are 
of  flange  section,  resting  on  a  piece  of  felt  packing  on  the  rail  seat ; 
the  rail  seat  has  an  inclination  of  1  in  24.  The  outer  flange  of  the  rail 
is  held  by  a  projecting  lugj  cast  on  the  bowl.  The  inner  flange  is  held 
by  a  cast-iron  clamp  4  inches  long,  the  upper  part  of  which  has  a  pro- 
jection which  bears  on  the  rail  flange,  the  lower  part  being  dovetailed 
so  that  there  is  no  vertical  motion.  This  key  is  drojjped  into  place,  the 
lower  part  fitting  into  a  pocket  or  recess  in  the  bowl,  and  a  wrought 
iron  taper  key  6^  inches  long  is  driven  between  it  and  the  jaw  of  the 
chair ;  the  split  end  ot  this  key  is  then  opened  out  to  prevent  the  key 
from  slacking  back.  The  bowls  weigh  92  pounds  each  and  the  rails  80 
or  82  i)ounds  per  yard.  The  desirability  of  using  the  creosoted  felt 
under  the  rails  in  a  hot  country  like  India,  is  an  open  question  and 
practically  the  method  has  fallen  into  disuse.  The  adjustment  of  the 
gauge  is  effected  by  means  of  the  tie  bar  fastenings ;  with  both  cot- 
ters on  the  outer  side  and  both  gibs  on  the  inner  side  of  the  track,  the 
gauge  is  5  feet  6  inches  ;  if  the  gib  on  one  bowl  is  placed  on  the  outer 
side  of  the  track  the  gauge  will  be  widened  one-eighth  inch ;  if  both 
cotters  are  placed  on  the  inside  and  both  gibs  on  the  outside,  the  gauge 
will  be  widened  one-fourth  inch.  The  ballast  used  is  of  stone  broken 
very  small,  and  there  are  about  15J  cubic  feet  of  ballast  per  foot  run 
of  tract.  The  rail  joints  are  suspended,  and  are  spliced  with  ordinary 
flat-fish  plates  and  five  bolts;  the  ends  of  the  webs  of  the  rails  are 
notched  to  admit  the  middle  bolt,  which  thus  keeps  the  ends  of  adja- 
cent rails  at  the  same  horizontal  plane,  and  thus  reduces  the  pound- 
ing of  the  joints  by  the  wheels  of  trains.  It  has  been  reported  to  me 
that  the  track  is  one  of  the  smoothest  in  the  country;  so  smooth  that 
on  passing  over  the  line  the  joints  are  scarcely  perceptible,  even  before 
the  bowls  are  finally  tamped.  DeuhamOlpherts  cast-iron  plate  ties 
were  laid  on  the  Cawnpore  and  Jhansi  Railway,  which  is  now  a  part 
of  the  Indian  Midland  system. 

Villupuram-Dharmavaram  Railway. — The  state  railways  steel 
cross-tie  has  been  tried  on  the  Ciiddapah-Nellore  line,  now  a  part  of  this 


235 

system.  Mr,  Bull,  superintendent,  in  a  letter  to  the  director-general  of 
railways  in  February,  1888,  stated  that  tbe  ties  are  lighter  than  those 
of  the  Denham-Olpherts  type,  and  the  simplicity  and  small  number  of 
parts  makes  thiB  track-laying  very  easy.  The  trough  shape  of  the  tie 
renders  the  track  more  difficult  to  align,  but  once  in  line  it  also  pre- 
vents its  moving.  It  is  difficult  to  pack  but  may  be  considered  self- 
packing;  a  hole  might  be  punched  at  each  end  so  that  it  can  be  seen  if 
the  tie  is  properly  packed.  Pebble  or  coarse  sand  ballast  should  be 
used.  He  considered  it  on  the  whole  an  excellent  tie  and  superior  to 
the  Denham-Olpherts  type. 

Dhond-Manmad  Railway. — The  track  of  this  line,  which  is  operated 
by  the  Great  Indian  Peninsula  Railway  Company,  consists  of  double- 
headed  steel  rails  weighing  70  pounds  per  yard  laid  on  ties  of  cast-iron 
bowls  weighing  94  pounds  each. 

Bhopal-Itarsi  Railway. — This  line  is  also  operated  by  the  Great 
Indian  Peninsula  Railway  Company.  The  rails  are  of  steel  weighing 
62  pounds  per  yard,  and  the  ties  are  partly  of  steel  and  partly  of  creo- 
soted  pine  and  other  kinds  of  wood. 

Northwestern  Railway. — This  system  includes  the  Sind,  Pun- 
jab and  Delhi,  the  Punjab  Northern,  the  Indus  Valley,  the  eastern  sec- 
tion of  the  Sind-Sagar,  and  the  southern  section  of  the  Sind-Pishin 
railways,  on  which  different  kinds  of  wooden  and  metal  ties  are  used. 
These  lines  have  all  been  amalgamated  into  one  system  under  the  name 
of  the  Northwestern  Railway,  with  a  total  length  of  nearly  2,500  miles. 
Three  types  of  metal  track  are  used,  viz,  cast-iron  bowls,  Denham-Ol- 
pherts cast-iron  plates,  and  the  state  railways  steel  cross-tie  (See  Plate 
No.  24).  Mr.  F.  R.  Upcott,  the  engineer-in-chief,  has  furnished  me  with 
a  detailed  statement,  dated  in  July,  3889,  in  regard  to  this  line,  refer- 
riug  principally  to  the  steel  ties,  as  they  are  to  be  the  future  standard, 
the  cast-iron  bowls  and  plates  becoming  obsolete.  The  types  of  track 
include  double-headed  and  bull-headed  rails  on  wooden  ties,  flange  rails 
on  wooden  ties,  double-headed  and  bull-headed  rails  on  cast-iron  bowls. 
These  are  being  gradually  replaced  by  the  75-pound  rails  on  steel  ties. 

There  are  about  600  miles  laid  with  these  steel  ties ;  of  this  length 
400  miles  are  in  easy  country,  the  remainder  being  on  grades  of  1  in  40 
and  1  in  25,  with  curves  of  800  feet  radius  and  upwards.  They  were 
laid  in  1886  and  1887  under  the  supervision  of  Mr.  Upcott  The  traffic 
is  light;  on  the  level  plains  the  trains  are  hauled  by  engines  weighing 
about  50  tons,  and  on  the  heavy  grades  by  engines  weighing  02  tons, 
with  14  tons  on  the  driving  axle.  The  ties  are  of  the  type  adopted  on 
the  state  railways,  but  are  of  two  patterns,  one  of  which  has  the  ordi- 
nary form  of  clips,  while  the  other  has  clips  strengthened  by  a  corruga- 
tion lengthwise  of  the  tie,  forming  a  rib  and  reducing  any  tendency  to 
force  open  the  clip  or  split  the  tie;  it  is  not,  however,  thought  to  be  an 
advantage.  They  are  8  feet  9  inches  long,  of  rounded  trough  section, 
bent  up  at  the  rail  seats  to  give  an  inward  inclination  to  the  rails,  and 
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having  closed  ends  rounded  and  dished.  The  ties  with  corrugated  clips 
are  4^  inches  deep  and  8J  inches  wide  at  the  middle,  3f  iuches  deep 
and  9^  inches  wide  at  the  rail  seat,  and  12  inches  wide  at  the  end. 
They  are  made  from  plates  1  foot  IJ  inches  wide,  9  feet  long,  one- 
fourth  inch  thick  at  the  sides,  and  one-third  inch  thick  for  a  width  of  4i 
inches  at  the  middle,  but  the  thickness  is  increased  gradually.  The 
other  ties  are  4|  inches  deep  and  7  J  inches  wide  at  the  middle,  with  the 
top  table  12  inches  radius  and  top  corners  IJ  inches  radius;  the  width 
is  10  inches  at  the  rail  seats  and  13  inches  at  the  ends,  which  are  closed 
by  a  vertical  curve  of  7  inches  radius.  The  top  table  has  an  extra 
thickness  for  a  width  of  4^  inches.  The  sizes  of  the  clips  and  keys  arc 
the  same  as  on  the  state  railways,  and  the  adjustment  of  gauge  is  made 
in  the  same  way  as  on  those  lines.  In  the  track  the  ties  are  laid  3  feet 
apart,  center  to  center.  Their  durability  so  far  has  been  good.  Sotpe 
have  been  laid  in  very  saline  soil,  which  has  stripped  off  the  preserva- 
tive coating,  but  the  steel  has  not  suffered  much  in  the  two  years  it  has 
been  in  the  track.  Experiments  are  being  made  as  to  corrosion,  etc. 
The  ties  are  manufactured  by  the  principal  steel-making  firms  in  Eng- 
land, and  are  dipped  in  Dr.  Angus  Smith's  composition  at  the  works. 
The  cost  is  from  $23.75  to  $25  per  ton.  As  regards  expense  for  main- 
tenance, for  ordinary  roads  the  average  is  2J  men  per  mile  of  single  track, 
costing  7  rupees  ($2.33)  per  man  per  month ;  for  frontier  and  hilly  roads, 
3  to  4  men  per  mile,  costing  $3.30  per  man  per  month. 

The  rails  are  of  steel  flange  section,  weighing  75  pounds  per  yard  • 
4|f  inches  high,  2}}  inches  width  of  head,  4  iuches  wide  over  the 
flange.  For  200  miles  the  ballast  is  of  sand  covered  with  3  inches  of 
broken  stone  or  brick ;  at  the  rails  it  is  12  inches  deep  and  covers  tbe 
flanges  of  the  rail ;  in  the  middle  of  the  track  it  is  9  inches  deep,  leav- 
ing the  top  of  the  tie  exposed;  the  side  slopes  are  2  to  1,  and  the  width 
of  the  ballast  at  sub  grade  is  15  feet.  This  method  answers  very  well 
where  the  rain-fall  is  small  and  high  winds  do  not  prevail.  Stone., 
either  in  a  natural  state  or  broken  up  by  hand,  is  also  used,  and  answers 
very  well  after  the  track  has  been  laid  for  some  months;  at  first  a  good 
deal  of  packing  is  required  to  get  the  ballast  up  into  the  hollow  of  the 
tie. 

The  steel  ties  were  adopted  for  reasons  of  economy  and  progress, 
track  with  wooden  ties  not  being  satisfactory  in  India.  The  general 
results  may  be  said  to  be  satisfactory,  but  the  element  of  durability  has 
not  yet  been  fully  established.  There  is  no  trouble  with  maintenance 
except  that  more  attention  has  to  be  given  to  keeping  the  middle  of  the 
ties  free.  In  laying  for  the  first  time  the  rails  have  to  be  canted  to 
get  them  into  the  seat  between  the  lug,  and  it  is  difficult  to  take  out 
any  single  tie  without  unduly  pinching  back  the  lip  of  the  lug.  The 
key  never  shifts  after  driving  and  opening  out  the  split  end.  As  to 
breakages,  Mr.  Upcott  says  he  has  only  seen  half  a  dozen  broken  ties 
out  of  half  a  million,  but  they  get  crumpled  up  under  an  engine  derail- 
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inent,  especially  if  not  well  backed  up.  A  steel  die  is  used  to  bring 
these  distorted  ties  into  shape.  The  wooden  ties  cost  about  3  rupees 
($1)  each;  they  are  mostly  of  deodar  or  pinus  excelsior,  growing  in 
the  Himalaya;  it  lasts  from  ten  to  fifteen  years,  if  properly  managed. 
The  steel  ties  cost  about  6  rupees  ($2)  at  a  mean  distance  from  the 
port,  aud  they  are  better  able  to  stand  the  climate  than  the  wood.  Mr. 
Upcott  is  satisfied  that  the  only  point  to  be  urged  against  the  ties  is 
possibility  of  fast  corrosion.  His  three  years  of  experience  with  them 
leads  him  to  think  tiuit  the  mild  steel  of  which  they  are  made  will  not 
corrode  so  fast  as  the  wrought-irou  and  cast-iron  now  corrodes  on  the 
worst  places  on  the  line,  where  the  soil  is  saturated  with  chlorate  of 
sodium.  In  a  report  to  the  director-general  of  railways  in  March,  1888, 
Mr.  Upcott  stated  that  the  new  type  of  steel  ties  (state  railway  pattern) 
laid  in  sand  ballast  on  the  Sind-Sagar  line,  answered  very  well ;  they 
were  easy  to  pack,  and  the  keys  held  quite  tight,  even  when  not  split 
at  the  ends.  Only  one  or  two  cases  of  hogging  had  been  reported, 
which  were  due  to  the  tie  riding  on  hard  material  at  the  middle.  The 
rusting  was  slight,  and  no  breakages  had  occurred.  The  rails  did  not 
creep,  and  this  was  attributed  to  the  absolute  fixture  of  the  rail  on  the 
tie  aud  to  the  latter  being  anchored  in  the  ground  by  its  sides. 

The  cast-iron  bowls  used  are  of  oval  form,  25  inches  long  by  21  inches 
wide,  the  greater  length  being  parallel  with  the  track;  the  thickness 
was  about  seven- sixteenths  to  one-half  inch.  The  rails  are  of  double- 
headed  section  resting  on  two  wooden  cushions,  and  fastened  between 
the  jaws  of  the  chair  by  a  wooden  key.  The  tie-bars  are  2^  inches  deep 
by  five-eighths  inch  thick,  passing  through  both  bowls  and  secured  by 
a  gib  on  the  inner  side  and  a  cotter  on  the  outer  side  of  each  bowl. 
The  ballast  is  sand  covered  with  3  inches  of  broken  brick  or  stone ; 
the  bowls  are  imbedded  nearly  up  to  the  chairs.  The  depth  of  ballast  is 
14  inches  under  the  rails,  decreasing  to  12  inches  at  the  top  of  the  side 
slopes  of  1^  to  1,  and  8  inches  between  the  rails.  The  width  of  ballast 
bed  over  the  toe  of  the  slopes  is  13  feet  G  inches. 

The  Denham-Olpherts  cast-iron  plate  ties  are  of  the  type  adapted  for 
double-headed  rails,  the  rails  beiug  suspended  by  the  head  in  the  jaws 
which  form  the  chair.  The  plates  are  2  feet  10  inches  long  and  12 
inches  wide,  the  greater  length  being  transverse  to  the  track;  a  rib 
runs  across  the  middle  of  the  plate  on  the  bottom  side,  thus  giving  a 
hold  in  the  ballast  to  resist  lateral  motion  of  the  track.  The  rail  chairs 
are  7  ^^^  inches  long.  The  tie-bars  are  2  inches  by  one-half  inch,  7  feet 
long.  They  are  secured  by  a  gib  on  the  outer  side  of  the  track,  and  a 
large  cotter  on  the  inner  side,  this  cotter  passing  through  the  webs 
which  run  from  the  chair  to  the  edges  of  the  plate,  and  holding  the  loose 
jaw  of  the  chair  in  its  place.  The  webs  are  transverse  to  the  track,  3 
inches  high  at  the  rail-seat  and  tapering  down  to  the  edges  of  the  plate. 

Mr.  Oroudace,  superintendent  of  way  and  works  of  the  Sind  section, 
wrote  me  in  May,  1889,  that  he  thought  the  Denham-Olpherts  plate-tie, 
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with  the  cast-iron  jaws  supporting  the  upper  head  of  the  rail,  to  be  the 
most  satisfactory,  in  spite  of  its  having  a  tie-bar  passing  through  a  flat 
cast-iron  table.  The  pressed  steel  ties  he  considered  are  difficult  to 
pack,  but  have  the  advantage  in  simplicity  and  a  minimum  number  of 
parts ;  there  is,  however,  a  leverage  of  the  rail  to  break  the  clips. 

The  report  of  the  director-general  of  railways  for  the  year  ending 
March  31,  1888,  makes  mention  of  about  630^  miles  of  metal  track  on 
the  Punjab  section,  out  of  a  total  of  1,489|  miles ;  this  includes  259 
miles  of  steel  ties,  about  242  miles  of  oval  bowls,  85  miles  of  round  bowls, 
39^  of  bowls  (not  described),  and  5  miles  of  old  bowls  (on  a  branch). 
On  the  Sind  section  the  same  report  mentions  about  400  miles  laid  with 
Denhara-Olpherts  plate-ties ;  the  length  of  this  section  is  895  miles. 

The  Sind,  Punjab  and  Delhi  Railway,  now  a  part  of  the  Northwest- 
ern Railway,  is  still  laid  with  cast-iron  bowls  for  a  considerable  dis- 
tance, but  it  is  said  that  they  are  not  now  considered  so  favorably  as 
formerly  in  that  part  of  the  country.  Bowls  were  used  on  this  line  more 
than  twenty-years  ago.  In  1877  it  was  stated  by  Mr.  Ernest  Benedict, 
in  his  paper  on  "  Metal  sleepers  for  railways,"  read  before  the  Society 
of  Engineers  and  Ship-builders,  at  Glasgow,  Scotland,  that  the  general 
opinion  of  the  engineers,  based  upon  the  experience  of  ten  years,  was 
decidedly  favorable  to  iron  bowls  in  preference  to  wooden  ties,  though 
some  thought  that  they  should  only  be  used  in  certain  kinds  of  ballast. 
The  former  cose  about  86J  rupees  ($28.75)  per  ton,  and  the  latter  4 
rupees  ($1.33)  each.  Owing  to  the  use  of  sand  and  earth  ballast  (which 
when  boxed  with  bricks  broken  fine  came  to  2,950  rupees  ($983.33)  a 
mile,  as  against  12,040  rupees  ($4,013.33)  for  the  ballast  of  broken  brick 
throughout,  used  with  wooden  sleepers),  the  cost  of  the  iron  road  com- 
pares favorably  with  the  wooden  one,  being  37,000  rupees  ($12,334)  a 
mile  for  the  wood  and  34,000  rupees  ($11,334)  for  the  iron. 

SiND-PiSHiN  Railway. — On  this  line  the  steel  ties  of  the  state  pattern 
are  used.  Mr.  F.  L.  O'Callaghan,  engineer  in  chief  of  the  northern 
section,  made  a  report  on  these  ties  to  the  director-general  of  railways 
in  April,  1888.  He  gave  the  following  comparison  of  the  weights  and 
numbers  of  parts  of  different  ties : 


Weight. 


Parts. 


(a)  Steel  tie 

(6)  Deodar 

(c)  Teak 

(d)  Denbam-OIpherts 

(e)  Bowl 


Pounds. 

No. 

120 

3 

143 

5 

160 

5 

229 

9 

180 

9 

a,  tie  and  2  keys ;  b  and  c,  tie  and  4  spikes ;  d,  2  cast-iron  plates,  2  cast-iron  Jaws,  1  wrought-iron 
tie-bar,  2  wrought-iron  gibs,  and  2  wrought-iron  cotters;  c,  2  bowls,  1  tie-bar,  2  gibs,  2  cotters,  2  keys. 

The  track,  he  stated,  is  easily  and  rapidly  laid,  but  somewhat  diffi- 
cult to  pack  up  in  the  first  instance.  The  practice  was  to  put  the  ballast 
in  two  parallel  heaps  about  6  feet  apart  center  to  center,  and  about  18 
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inches  high ;  the  ties  spanned  these  two  stacks  and  were  forced  down 
into  them  by  the  first  passage  of  an  engine ;  the  space  under  the  rail 
was  thus  solidly  filled  and  the  space  between  the  stacks  of  ballast  was 
then  tilled  in  with  sand,  as  any  hard  material  under  the  middle  of  the 
tie  is  liable  to  cripple  it.  The  narrow  8pa<je  between  the  lugs  was 
complained  of,  but  it  was  stated  that  if  made  wide  enough  to  aiiniit  the 
rail  flauge  horizontally,  four  keys  would  be  required  on  curves  instead 
of  two;  and  "the  remedy,  by  introducing  special  parts,  seems  worse 
than  the  disease."  The  turned  down  ends  of  the  ties  hold  the  ballast 
so  firmly  that  very  little  is  required  beyond  the  ends.  Some  cases  were 
reported  in  which  the  lugs  were  cracked  off,  and  an  increase  in  the 
thickness  of  the  top  table,  by  adding  metal  to  its  under  side,  was 
recommended.  As  to  the  strength  of  the  ties,  it  was  stated  that  under 
ordinary  circumstances  they  are  as  strong  as  timber ;  a  heavy  derail- 
ment distorts  them,  but  under  similar  circumstances  wooden  ties  are 
generally  smashed  up,  and  any  kind  of  cast-iron  ties  so  broken  as  to  be 
useless,  the  tie-bars  only  being  repairable.  Other  reports,  made  about 
the  same  time,  suggested  the  use  of  a  loose-bolted  clip  on  one  side 
of  each  rail,  and  also  that  the  lugs  should  be  made  stronger.  A  num- 
ber of  objections  were  urged  against  the  old  form  of  steel  tie  (state 
railways  pattern,  1885). 

OuDH  AND  RoHiLKUND  RAILWAY. — This  road  is  laid  with  metal 
track  throughout.  In  March,  1888,  there  were  432  miles  of  cast-iron 
oval  bowl-ties,  75  miles  of  wrought  iron  saddle-ties,  and  182  miles  of 
MacLellan  and  Smith's  patent  Bessemer  steel  corrugated  bowl-ties. 
The  Cawnpore  branch,  45.J  miles  long,  of  which  42  miles  were  built  in 
1867,  was  originally  laid  with  36-pound  rails,  on  corrugated  iron  bearing 
plates,  but  has  been  relaid  with  the  cast-iron  oval  bowl-ties  and  the  60- 
pouud  flange  rails  used  on  other  parts  of  the  line.  The  corrugated  or 
embossed  steel  bowl-tie  made  by  P.  &  W.  MacLellan,  of  Glasgow,  is 
said  to  be  the  standard  type  of  tie  now  for  this  line,  and  it  was  of  these 
that  Sir  A.  M.  Reudel,  consulting  engineer  for  state  railways,  wrote  in 
1888  that  they  had  lasted  sixteen  years  without  injury.  These  bowls 
are  also  in  use  on  the  Calcutta  Port  Railway.  At  the  beginning  of 
1875,  as  stated  by  Mr.  Ernest  Benedict  in  his  paper  on  "  Metal  sleepers 
for  railways"  (already  referred  to),  1877,  there  were  444  miles  laid  with 
oval  cast-iron  bowls,  having  recessed  pocket  for  wooden  cushions; 
60  pound  flange-rails  were  used,  secured  by  iron  keys ;  the  principal 
detect  was  in  the  jaw  which  held  the  key,  75  per  cent,  of  the  breakages 
occurring  at  this  point.  A  bowl  and  fastening,  exclusive  of  tie-bar, 
weighed  87|  pounds.  In  the  discussion  of  this  paper  Mr.  J.  B.  Wilson 
stated  that  the  wrought  iron  saddle-tie  had  been  adopted  on  this  road 
in  1869,  and  notwithstanding  its  weak  form  it  had  given  such  satisfac- 
tion that  its  use  was  continued,  25  miles  being  laid  in  1876.  After  a 
series  of  tests  the  use  of  iron  for  ties  had  been  abandoned  and  em- 
bossed steel  ties  adopted ;  these  were  only  three  sixteenths  inch  thick, 
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as  it  had  been  found  that  there  was  no  danger  of  corrosion.  A  pair  of 
these  steel  bowls  would  weigh  about  90  pounds,  while  a  pair  of  cast-iron 
bowls  would  weigh  not  much  less  than  224  pounds.  The  steel  bowls 
could  be  struck  out  of  a  steel  plate  at  one  blow. 

Jammu  and  Kashmir  Kallway.— In  the  report  for  the  year  ending 
March  31, 18i?8,  of  the  director-general  of  railways,  it  was  stated  that 
the  track  was  to  be  of  the  most  improved  type  in  use  on  the  North- 
western Eailway  (presumably  75-pound  flange-rails  on  steel  cross-ties 
of  the  state  railways  type.) 

Eastern  Bengal  Kail  way. — The  report  of  the  director-general  of 
railways,  for  the  year  endiug  March  31, 1888,  mentioued  34  miles  laid 
with  cast-iron  bowls,  20  miles  with  Denham-Olpherts  cast-iron  plate-ties, 
10  miles  with  Deuham's  plate-ties,  and  one-fourth  mile  with  Greaves' 
cast-iron  bowls;  also  Vautherin  wrought-iron  and  De  Bergue  cast-iron 
ties  (length  of  track  not  stated)  on  the  northern  section  (see  State  Rail- 
ways); and  Denham-Olpherts  plate-ties  on  the  Assam-Behar  section. 
On  the  Goaluudo  extension,  opened  about  1871,  8  miles  of  the  main 
line  were  laid  with  spheroidal  cast-iron  bowls,  packed  with  the  ordinary 
sand  of  the  country.  Mr.  Ernest  Benedict,  in  his  paper  on  ^'  Metal 
sleepers  for  railways"  (1877),  already  referred  to,  stated  that  they  were 
lai«l  in  sandy  earth  packing  and  the  grass  allowed  to  grow  over  it,  ex- 
cept within  6  inches  of  the  rails,  thus  protecting  the  sand  from  being 
washed  away  bj'  the  rain  or  blown  away  by  the  wind.  This  was  ex- 
pected to  save  the  cost  of  burning  clay  or  brick  for  ballast,  about  $7,500 
per  mile,  and  to  effect  a  great  economy  in  maintenance.  These  views 
were  found  in  practice  to  be  correct.  There  were  eight  pairs  of  bowls 
to  a  rail  length  of  20  feet,  as  compared  with  seven  wooden  ties;  they 
were  first  laid  on  brushwood  and  packed  with  sand,  but  later  the  ordi- 
nary sandy  loam  only  was  used,  packed  from  below  by  wooden  beaters 
and  then  tamped  through  the  holes  on  top.  The  bowls  were  22^  inches 
in  diameter,  nine-sixteenth  inch  to  1  inch  thick;  the  tie-bars  were  2^ 
inches  by  ^-inch  section,  7  feet  4J  inches  long,  and  weighing  about 
31 J  pounds ;  they  were  secured  by  cotters  on  the  outside  and  gibs  on  the 
inside  of  the  track.  The  rails  were  of  double-headed  section,  weighing 
74  pounds  per  yard.  Particular  attention  was  paid  to  the  drainage; 
besides  the  ordinary  trench  between  the  rails,  four  cross  drains  were 
cut  to  each  pair  of  rails,  two  to  the  right  and  two  to  the  left  between 
alternate  ties ;  the  embankment  itself  was  rounded  off  and  there  was 
not  a  square  foot  of  level  surface  upon  its  top.  There  were  seven  trains 
each  way  per  day,  with  four-wheel  freight  cars  weighing  16  tons  (10 
tons  of  freight)  and  heavy  engines  with  four  coupled  wheels.  Mr.  Bene- 
dict gives  the  following  figures  in  regard  to  renewals: 

In  the  half  year  ending  June  30,  1876,  14,130  wooden  ties  wern  renewed,  or  at  the 
rate  of  nearly  10  per  cent,  per  annum  of  the  main  line  ties,  bringing  the  total  renew- 
als, which  have  been  mostly  on  the  main  line,  to  34.33  per  cent,  of  the  whole  number 
of  ties,  and  leaving  40  per  cent,  of  all  the  ties  in  tlie  line  fifteen  and  one-half  years 
old ;  bat  these  are  mostly  in  sidings.     Taking,  then,  that  nearly  all  the  renewals 
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have  been  on  the  main  line,  the  yearly  average  so  far  (1877)  has  been  3.44  per  cent.; 
bnt  it  may  also  bo  taken  as  certain  that  another  33  per  cent,  of  tbe  total  number  of 
wooden  ties  will  have  to  be  removed  from  tbe  main  line  during  the  next  two  years 
(to  1879).  This  would  give  a  yearly  average  of  6  per  cent.,  or  a  life  of  sixteen  and 
one-half  years  to  the  old  ties  now  in  the  track,  of  which  two  years  passed  before  the 
line  was  open  for  traffic.  Against  this  we  have  364  or  1.25  per  cent,  of  bowls  renewed 
in  the  half  year,  making  a  total  of  6.17  per  cent.,  all  on  the  main  line,  and  giving  a 
yearlj'  av  rage  of  a  little  over  1  per  cent.,  or  a  life  of  eighty-nine  years  to  the  bowls. 

TiRHt'OT  Railway. — In  1878,  Sir  Guilford  L.  Molesworth  designed 
some  ca  t-iron  bowls  for  this  line  (See  State  Railways).  There  are  now 
in  use  t  le  Denham-Olpherts  and  Denham's  cast-iron  plate-ties;  also 
sal  and  leodar  wood  ties. 

JoBH  "iT  Railway. — Fowler's  patent  portable  track,  with  14-pound 
steel  fli  Mge-rails  on  corrugated  steel  cross-ties,  is  laid  for  3  miles  j  the 
rest  of  t  le  line  is  laid  with  18-pound  rails  on  wooden  ties. 

Chei  .iA-CoMPANYGANj  RAILWAY. — On  this  line  7.J  miles  are  laid 
with  25  pound  steel  flange-rails  on  Fowler's  patent  steel  ties  for  light 
railways.  The  ties  are  flat,  with  a  middle  corrugation  forming  a  deep 
groove  along  the  upper  surface  of  the  tie.  The  outer  flange  of  the  rail 
is  held  l»y  a  clip  secured  to  the  tie  by  two  bolts ;  the  inner  flange  is  held 
by  the  I  ooked  end  of  a  bolt  which  lies  in  the  groove  under  the  rail,  with 
a  nut  s  rewed  up  against  the  end  of  the  tie.  The  ties  are  45  inches 
long,  ai  d  there  are  eight  to  a  rail  length  of  21  feet.  This  part  of  the 
line  is  \  orked  by  locomotives.  On  the  mountain  inclines,  worked  by 
steel  wi  e  ropes,  wooden  ties  are  used. 

BuRB  AH  Railways. — Until  very  recent  years  the  ties  used  in  Bur- 
mah  wc  e  almost  exclusively  of  iron- wood,  or  teak.  The  former  is  an 
excellei  c  timber,  impervious  to  white  ants,  and  little  troubled  with  dry- 
rot.  Ts  e  teak  is  softer,  and  lasts  eight  or  ten  years.  Steel  ties,  how- 
ever, h;  ve  been  experimented  with,  and  are  now  being  introduced,  as 
they  ec  nomize  in  the  expense  of  spikes,  and  are  claimed  to  last  forty 
or  fifty  /ears.  Recent  low  prices  have  greatly  aided  the  introduction 
of  steej  rails  and  steel  ties. 

Mad)  as  Railway. — The  track  of  this  roatl  is  laid  almost  entirely 
with  ca  t-iron  bowls,  carrying  rails  weighing  65  to  84  pounds  per  yard. 
The  so  ithwest  section  was  originally  laid  with  ties  of  indigenous 
woods,  )ut  as  early  as  1853  the  then  chief  engineer,  Mr.  G.  B.  Bruce, 
sugges;  3d  that  an  experiment  should  be  made  by  using  stone  blocks  2 
feet  by  3  feet  by  1  foot.  The  Government  acceded  to  the  proposal  and 
sanctioned  the  purchase  of  60,000  stone  blocks.  Apparently,  however, 
only  about  800  yards  were  laid  in  this  way,  and,  as  the  experiment 
proved  to  be  unsatisfactory,  the  blocks  were  all  removed  in  1857. 
Jungle  wood  ties  were  found  to  be  very  short-lived,  and  in  1861  it  was 
decided  to  replace  them  by  Greaves's  patent  cast-iron  bowls.  This  alter- 
ation has  proved  to  be  economical  and  satisfactory.  The  northwest 
section,  308  miles  long,  and  the  Bangalore  Branch,  87  miles  long,  are 
laid  with  iron  ties.  In  1877  it  was  stated  by  Mr.  Benedict,  in  his  paper 
22893— Bull.  4 16 
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on  "  Metal  Sleepers  for  Railways,''  already  referred  to,  that  nearly  the 
entire  line  was  laid  with  the  bowls,  except  about  70  miles  laid  in  later- 
ite  rock-ballast,  and  in  that  part  trenches  were  being  made  in  the  bal- 
last to  be  tilled  with  sand,  so  that  the  bowls  could  be  put  there  also. 
"When  the  bowls  were  carefully  packed  they  made  a  smooth  track,  easy 
to  ride  over,  and  safe  for  high  speeds.  At  one  time  tie-bars  were  only 
used  to  every  alternate  pair  of  bowls,  but  now  they  are  used  for  every 
pair.  The  cost  of  mainfeiiance,  as  compared  with  jungle- wood  ties,  was 
found  in  five  years  to  be  as  3  to  1  in  favor  of  the  bowls.  Creosoted 
pine  ties  have  been  tried,  but  are  not  preferred  to  the  iron.  About 
liS86,  there  was  a  period  in  which  this  form  of  tie,  however,  fell  into 
disfavor,  but  it  has  survived  up  to  the  present  tiuie. 

"  From  a  paper,  with  illustrations,  by  Mr.  E.W.  Stoney,  chief  engineer, 
on  "  The  Creep  of  Rails  on  Double  Lines  of  Railway,"  published  in 
The  Indian  Engineer,  Calcutta,  October  29,  1887,  the  bowls  were  of  the 
Greaves  pattern  (See  State  Railways);  they  were  about  24  inches  in  di- 
ameter, arranged  in  pairs,  and  connected  by  transverse  tie-rods;  the 
ties  were  spaced  2  feet  6  inches  apart,  center  to  center  of  tie-rods, 
at  the  railrjoints,  and  3  feet  6  inches  apart  intermediate.  The  dis- 
tance between  the  near  rails  of  the  two  tracks  is  6  feet.  The  rails  are 
of  double-headed  section,  weighing  75  pounds  per  yard ;  they  are  20  feet 
long,  connected  by  splice  bars  and  four  bolts,  the  joints  being  even  and 
suspended.  The  ballast  is  of  sand.  The  taper  of  the  keys  and  the 
jaws  of  the  bowls  was  in  the  direction  of  the  traffic  for  the  outside 
rails  of  each  track,  and  in  the  opposite  direction  for  the  inside  rails. 
The  creeping  of  the  track  in  the  direction  of  the  traffic,  therefore, 
tended  to  tighten  the  keys  of  the  outside  rails  and  to  loosen  those  of 
the  inside  rails ;  consequently,  the  creeping  of  the  inner  rails  was  much 
greater  than  that  of  the  outer  rails.  In  regard  to  this  creeping,  which 
is  a  matter  of  importance  to  railway  engineers,  Mr.  Stoney  states  that 
it  is  in  the  direction  of  the  traffic;  the  joints  are  sometimes  drawn  out 
as  much  as  5  inches,  when  the  fish-plate  came  against  the  jaws  of  the 
bowl;  but  even  then  the  force  was  sufficient  to  pull  the  bowl  through 
the  ballast,  sometimes  bending  the  tie-bars,  shearing  or  breaking  three- 
fourths  inch  splice  bolts,  and  breaking  the  jaws  of  chairs  which  were 
immovably  fixed  on  girder  bridges. 

South  Indian  Railway.— This  line  was  formerly  the  Great  South- 
ern of  India  Railway.  It  was  commenced  in  1859,  and  was  built  to  the 
Indian  gauge  of  5  feet  6  inches,  but  during  the  years  from  1875  to  1879 
it  was  converted  to  meter  gauge.  Cast-iron  bowls  were  made  for  this 
road  in  1877  (as  described  under  State  Railways).  In  that  year  the 
road  had  86  miles  laid  with  these  ties  in  sand  ballast;  they  were  laid 
with  seven  pairs  to  a  rail  length  of  21  feet.  At  first  tie-bars  were  only 
used  at  every  alternate  pair  of  bowls,  but  now  at  every  pair.  Each 
bowl  had  a  teak  cushion  on  which  the  rail  rested.  On  the  broad-gauge 
line,  about  half  was  laid  with  iron  and  half  with  wooden  ties,    As  the 
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latter  decayed  they  were  replaced  with  iron.  The  track  was  laid  with 
40  pound  rails  and  light  ties,  but  it  is  being  rapidly  relaid  with  50  pound 
rails  and  heavier  ties.  In  October,  1889,  the  consulting  engineer.  Sir 
Douglas  Fox,  informed  me  that  there  were  about  140  miles  laid  with 
cast-iron  bowls,  and  extensions  aggregating  300  miles  were  being  laid 
with  steel  ties  of  the  State  Railways  pattern  for  meter- gauge,  large 
numbers  of  which  were  sent  to  India.  In  his  opinion,  the  cast-iron  tie 
is  by  far  the  best  under  most  circumstances.  The  grades  and  curves  of 
the  road  are  easy.  The  engines  have  a  weight  of  about  3.i  tons  on  the 
driving  wheels,  and  they  haul  the  trains  at  a  speed  of  about  25  miles 
per  hour. 

The  bowls  are  20  inches  long  at  the  bottom,  at  right  angles  to  the 
rail.  The  thickness  of  the  metal  averages  eleven-thirty-seconds  inch, 
and  the  weight  is  70  pounds  each.  The  height  from  the  bottom  of  the 
bowl  to  the  top  of  the  jaws,  forming  the  rail-chair,  is  7j|  inches,  and  7| 
inches  for  the  inner  and  outer  jaws  respectively.  The  tie-bar  is  of 
wrought-iron,  1§  by  three-eights  inch  section,  5  feet  G.^  inches  long,  and 
weighs  11  pounds.  It  is  placed  on  edge,  and  passes  through  the  bowls, 
being  secured  on  the  outer  side  of  each  bowl  by  a  split  cotter,  and  on 
the  inner  side  by  a  gib.  The  cotters  weigh  43^  pounds  per  hundred, 
and  the  gibs  17  pounds  per  hundred.  The  rails  are  of  steel,  of  bull- 
headed  section,  weighing  50  pounds  per  yard.  The  lower  table  rests 
on  a  wooden  packing-piece,  or  cushion,  and  a  compressed  oak  key,  or 
wedge,  is  driven  between  the  web  of  the  rail  and  the  outer  jaw  of  the 
chair,  the  jaw  being  corrugated  so  as  to  bite  into  and  hold  the  key.  The 
rails  have  an  inward  inclination  of  I  in  20.  The  ballast  is  of  a  stone 
called  laterite.  The  cost  of  construction  of  the  road  is  said  to  have  been 
about  $33,500  per  mile. 

A  special  feature  of  some  of  the  steel  ties  used  (not  the  state  rail- 
ways pattern),  was  that  the  clips  were  not  stamped  out  of  the  metal  of 
the  tie,  but  two  wrought-iron  plates  with  jaws  were  secured  to  each  tie 
•by  four  rivets,  each  rail  resting  on  a  plate.  They  were  laid  in  April, 
1865,  to  replace  creosoted  pine  ties,  and  in  October,  1888,  Mr.  David 
Logan,  chief  engineer,  reported  that  some  had  been  found  cracked 
round  the  plates,  the  weight  of  the  traffic  appearing  to  have  a  tendency 
to  punch  the  plates  through  the  tie.  The  cracked  ties  weighed  about 
62  to  64  pounds  each,  while  the  average  weight  of  ties  of  this  class  was 
about  70^  pounds.  The  rails  were  of  flange  section,  weighing  40  pounds 
per  yard,  and  were  secured  by  wooden  keys  in  the  same  way  as  a  dou- 
ble-headed rail  in  a  chair. 

Great  Indian  Peninsula  Railway.— On  this  line,  cast-iron  bowls 
are  extensively  used.  They  have  been  adopted  for  the  standard 
track  of  the  road  as  a  form  of  bowl  which  gives  good  satisfaction, 
arrived  at  by  gradual  improvement.  They  are  of  oval  shape,  and  are 
spaced  2  feet  9  inches  apart,  center  to  center.  They  are  being  used  not 
only  for  maintenance  and  renewals,  but  also  on  the  double  tracking  of 


244 

the  Hues.  As  laid  in  1877,  there  were  eight  pairs  of  bowls  to  a  rail 
length  of  24:  feet.  The  rails  were  of  irou,  aud  weighed  08  pouiids  per 
yard.  The  rails  uow  used  are  of  steel,  aud  weigh  69, 82,  aud  80  pounds 
per  yard.  At  a  meeting  of  the  company  in  June,  1889,  the  president,  in 
presenting  the  report  for  the  half  year  ending  December  31, 1888,  made 
the  following  remarks  in  regard  to  the  ties  used : 

When  the  railway  was  first  worked  wooden  sleepers  were  very  largely  used.  We 
found  in  very  early  days  that  it  would  be  advantageous  to  introduce  iron  sleepers  in 
substitution  for  wood.  It  was  done  in  some  degree  tentatively,  but  with  some  ra- 
pidity after  a  little  while,  Jn  1872,  just  after  the  railway  had  been  completed  through- 
out, our  road  consisted  of  1,110,000  iron  sleepers  and  1,638,000  wooden  sleepers. 
Many  of  the  wooden  sleepers  have  been  replaced,  and  we  have  now  2,190,000  iron 
sleepers  as  compared  with  977,000  of  wood ;  and  the  advantage  of  this  is  that  while 
one  represents  the  renewal  of  iron  sleepers  per  hundred,  it  takes  5.09  of  teak  wood 
sleepers  and  pine  sleepers  to  do  as  advantageously  as  the  iron  does,  and  the  elFect  is 
that  you  get  done  with  Iper  cent,  that  which  takes  more  than  5  per  cent,  in  the  case 
of  the  teak  sleepers,  which  are  the  next  durable  we  have. 

Bombay,  Baroda  and  Central  India  Railway.— In  September, 
1889,  Mr.  J.  M.  Sleater,  the  chief  engineer,  forwarded  me  a  statement 
in  regard  to  this  road.  There  were  then  77.48  miles  laid  with  the  cast- 
iron  bowls ;  they  were  laid  at  different  dates,  under  the  supervision  of 
the  late  Mr.  A.  F.  W.  Forde  and  the  late  Mr.  F.  Matthews,  who  were 
successively  chief  engineers  of  the  road.  The  steepest  grade  is  1  in  100; 
ruling  grade,  1  in  500 ;  sharpest  curve,  1,500  feet  radius.  There  is  a 
heav^y  traffic,  with  freight  trains  of  fifty  cars.  The  total  weight  of  en- 
gine and  tender  is  about  62  tons,  with  14  tons  on  the  driving  wheels. 
The  bowls  are  oval  in  plan,  about  21  inches  by  26  inches,  the  major  axis 
being  parallel  with  the  rail ;  the  depth  of  the  bowl  (inside)  is  about  5 
inches,  and  the  total  depth  from  the  top  of  the  jaws  which  form  the  rail 
chair  to  the  bottom  of  the  bowl  is  about  9^  inches.  The  thickness  varies 
from  about  one-half  inch  to  three-fourths  inch.  At  the  middle,  between 
the  jaws,  the  top  is  flat  for  a  width  of  6  inches ;  on  this  the  rail  does  not 
bear,  resting  on  two  wooden  cushions  about  5^  inches  long,  2^  inches 
wide,  and  1  inch  thick,  in  sockets  of  the  casting,  one  on  each  side  of 
the  flat  portion.  There  are  two  tamping  holes  2f  inches  in  diameter  in 
the  top  of  the  bowl.  They  weigh  87  i)ounds  each  aud  cost  53  rupees  1 
anna  8  pice  ($17.25)  per  ton,  delivered  in  Bombay  ;  ten  years  ago  the 
price  was  64  rupees  2  annas  8  pice  ($21.15)  per  ton.  The  tie-bars  afe 
7  feet  7^  inches  long,  2  by  ^  inch  section,  placed  on  edge;  they  pass 
through  the  bowls  and  are  secured  by  a  cotter  on  the  outer  side  and  a 
gib  on  the  inner  side  of  each  bowl.  The  ties  are  spaced  about  3  feet  5 
inches  apart,  center  to  center  of  tie-bars.  The  rails  are  of  double-headed 
section,  of  steel,  weighing  69  pounds  per  yard;  they  are  secured  in  the 
chairs  by  wooden  keys  or  wedges.  The  rail  joints  are  suspended  and 
are  spliced  by  deep  splice  bars,  the  lower  part  curved  to  clear  the  lower 
head  of  the  rail.  The  ballast  is  of  stone  and  gravel,  but  must  not  be 
more  than  1  inch  in  size.  The  width  of  the  ballast  bed  is  14  feet  at  the 
bottom,  or  at  subgrade ;  11  feet  on  top,  with  side  slopes  of  1  to  1  j  the 
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top  surface  is  flat,  and  is  level  with  the  under  side  of  the  rail  heads. 
The  width  of  einbaukments  at  subgrade  is  18  feet.  The  ballast  behaves 
fairly  well  under  the  ties.  The  reason  for  adopting  metal  ties  was  their 
supposed  cheapness,  and  the  general  results  have  been  fairly  satisfac- 
tory ;  there  is  no  trouble  with  the  rail  attachments,  nor  with  main- 
tenance ;  breakages,  however,  occur  where  the  stone  ballast  is  larger 
than  1  inch  in  size.  Mr.  Sleater  considers  the  track  not  as  good  as  that 
on  wooden  ties.  The  wooden  ties  used  are  of  creosoted  pine,  cost  2 
rupees  8  annas  (80  cents)  apiece,  and  have  a  life  of  about  eight  years. 
The  following  table  shows  the  quantities  and  weights  of  the  metal  track 
per  mile : 

Material  and  weight,  metal  track. 


Material. 


Rails  (30  feet  long) pounds. 

liowla do... 

Tie-bars do. .. 

Cotters ounces. 

Gibs do... 

Fish.plates pounds. 

Bolts  and  nuts do... 


Total . 


Oak  cushions ounces . . 

Wood  keys pounds . . 


Actual  require- 
ments. 


Unit 
weight. 


690 
87 
26 
10^ 
34 
10 


Number. 


352 
3,168 
1,684 
3,168 
3,168 

704 
1,408 


6,336 
3,168 


Allow- 
ance for 
waste. 


Pr.  et. 


Weight 
per  mile. 


Ton». 

108.42 

125. 50 

18. 3» 

.97 

.32 

3.30 

.99 


257.89 


1.  85 
1.48 


In  his  paper  on  "Metal  Sleepers  for  Railways"  (1877),  already  re- 
ferred to,  Mr.  Ernest  Benedict  stated  that  on  this  line  some  thought 
that  bowls  were  superior  to  wood  wherever  coarse  sand  or  tolerably 
firm  gravel  was  procurable,  while  others  said  that  they  should  only  be 
used  where  durable  timber  can  not  be  obtained  at  a  moderate  cost. 
There  were  six  pairs  of  oval  bowls  or  seven  wooden  ties  to  a  rail-length 
of  24  feet,  giving  about  the  same  bearing  surface,  and,  taking  the  cush- 
ions into  account,  about  the  same  distance  between  the  points  of  sup- 
port. This  very  nearly  equalized  the  original  cost  of  the  tracks,  and 
it  was  found  that  the  track  on  metal  ties  could  be  kept  in  order  at 
about  the  same  cost  as  that  on  the  ordinary  wooden  ties.  With  broken 
stone,  coarse  shingle,  or  any  ballast  that  cakes  or  hardens,  the  bowls 
were  liable  to  be  broken.  In  this  respect  circular  bowls,  ribbed,  were 
found  stronger  than  oval  bowls.  On  the  Nagpoor  district  there  were 
many  breakages,  through  allowing  the  track  to  run  "  hard,"  while  in 
other  districts,  in  sand  ballast,  the  breakages  did  not  exceed  2  per  cent, 
per  annum. 

Tarakeshwar  Railway. — This  line  is  operated  as  a  part  of  the 
East  Indian  Railway  system,  and  is  laid  with  Denham-Olpherts  cast- 
iron  plate  ties  of  the  latest  type.    (See  East  Indian  Railway.) 


246 

Delhi,  TTmballa  and  Kalka  Railway.— Tbis  is  a  new  line  now 
under  construction,  on  which  the  Denham-OIplierts  cast-iron  plates  are 
to  be  used,  but  up  to  June,  1889,  no  track  had  been  laid.  The  rails  will 
be  of  steel,  double-headed  section,  weighing  75  pounds  per  yard.  The 
ballast  will  be  partly  of  brick  and  partly  of  stone,  and  the  general  type 
of  track  throughout  will  be  in  accordance  with  the  standards  of  the 
East  Indian  Railway. 

The  southern  division  of  130  miles  is  over  easy  country,  with  a  ruling 
grade  of  1  in  300,  while  the  northern  division  has  a  ruling  grade  of  1 
in  40.  The  minimum  radius  of  curv^es  of  the  two  divisions  is  one  half 
mile  and  one-fourth  mile,  respectively.  Mr.  R.  A.  Way  is  chief  engi- 
neer and  Mr.  William  Duff  Bruce  is  consulting  engineer.  The  cost  is 
estimated  at  $32,500  per  mile,  exclusive  of  rolling  stock.  The  cost  of 
the  East  Indian  Railway,  including  equipment,  is  given  as  about 
$110,000  per  mile,  and  that  of  the  Scinde,  Punjab  and  Delhi  Railway 
as  about  $80,000  per  mile.  The  State  will  provide  all  rolling  stock  and 
will  operate  the  line  for  50  per  cent,  of  the  gross  receipts.  It  will  be 
worked  by  the  East  Indian  Railway  Company  under  a  contract  with  the 
State. 

Thaton-Duyinzaik  Railway. — The  track  of  this  road  consists  of 
steel  flange  rails  on  steel  and  wooden  ties. 

H.  H.  THE  Nizam's  Railway. — Some  cast-iron  bowls  of  a  type  used 
on  the  state  railways  were  in  use  on  this  road  in  1877.  At  the  end  of 
March,  1888,  109^  miles  were  laid  with  OO^-pound  steel  rails  on  steel 
cross-ties  of  the  state  railways  pattern,  87  miles  with  68-pound  rails  on 
cast-iron  bowls  purchased  from  the  South  Indian  Railway,  6  miles  with 
66J-pound  flange  rails  on  Bessemer-steel  ties,  and  the  remainder  with 
60-pound  flange  rails  on  creosoted  pine  and  jungle-wood  ties.  Mr.  W. 
A.  Lyle,  chief  inspector  of  maintenance,  who  has  had  nearly  thirty 
years'  experience  with  metal  and  wooden  ties,  wrote  me  in  September, 
1889,  stating  that, in  his  opinion,  cast-iron  ties  were  not  reliable;  wooden 
ties,  he  thought,  cost  too  much  to  preserve,  and  even  when  pre- 
served they  were  not  reliable,  as  the  gauge  spreads  under  the  lateral 
pressure  of  the  wheels  of  trains,  and  the  ties  split  and  rot.  In  August, 
1889,  Mr.  Lyle  made  a  report  to  Sir  A.  M.  Rendel,  the  consulting  engi- 
neer, upon  the  State  Railways  type  of  steel  tie,  of  which  he  had  six  years' 
experience,  three  years  having  been  with  the  new  r)attern.  He  found 
this  latter  pattern  superior  to  anything  else  he  had  ever  tried,  for  the 
following  reasons : 

(1)  It  is  easily  handled  and  laid  in  the  track. 

(2)  It  holds  well  in  line  and  surface. 

(3)  The  gauge  can  be  easily  and  uniformly  adjusted  on  curves. 

(4)  The  lugs  are  not  too  rigid,  and  the  key  is  kept  in  place  when  once 
properly  driven. 

(5)  The  maintenance  is  easy  when  the  track  has  become  consolidated. 

(6)  If  damaged  by  a  derailment  the  tie  can  be  repaired  and  made 
serviceable  at  a  small  cost. 
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He  had  not  found  the  preservative  coating  to  come  off  or  the  ties  to 
rust  except  in  a  few  rare  cases,  due  to  the  use  of  bad  ballast,  impreg- 
nated with  saltpeter,  etc.  Sand  ballast  he  considered  best,  while 
broken  stone  he  thought  scratched  the  preservative  coating  and  con- 
solidated to  too  hard  a  bed,  like  macadam.  To  lessen  the  labor  of  pack- 
ing and  tamping  he  suggested  the  making  of  a  packing  hole  1§  inches  in 
diameter  at  each  end  of  the  top  of  the  tie,  the  holes  to  be  so  punched 
as  to  leave  a  rib  or  burr  around  them.  The  cost  would  be  small,  and 
he  estimated  that  he  could  carry  on  the  maintenance  with  five  men  less 
for  every  4  miles  of  line.  He  thought  the  ballast  should  be  only 
level  with  the  tops  of  the  ties,  not  covering  them. 

In  February,  1889,  Mr.  W.  C.  Furnivall,  chief  engineer,  reported  to 
the  director-general  of  railways  that  his  experience  with  the  im- 
proved pattern  of  the  State  Railways  steel  ties  was  very  favorable  to 
their  use.  They  can  be  easily  and  quickly  laid,  are  preferable  to  tim- 
ber in  diversions  on  rough  temporary  roads,  except  only  where  stone 
and  rock  occur,  and  then  only  a  sand  packing  must  be  employed.  A  line 
laid  with  these  "  pea-pod "  ties  is  cheaply  maintained ;  the  ties  keep 
their  position  well,  and  do  not  oxidize  where  the  ballast  is  good.  The 
slight  friction  caused  by  the  passage  of  trains  pressing  the  sand  in 
stone  ballast  against  the  under  side  of  the  tie  suffices  to  brush  oft"  any 
particles  of  oxidation  which  might  otherwise  exist.  In  cases  of  derail- 
ment he  had  found  the  ties  easy  to  repair. 

Khamgaon  Railway. — The  track  of  this  line  is  laid  with  60-pound 
flange  rails  on  oval  bowls.  The  road  is  operated  by  the  Great  Indian 
Peninsula  Railway  Company. 

Ameaoti  Railway. — This  line  is  laid  with  68-pound  rails  on  iron 
ties.    It  is  operated  by  the  Great  Indian  Peninsula  Railway  Company. 

H.  H.  THE  Gaekwar's  Railway. — The  Viramgam-Mehsana-Vadna- 
gar  Railway  is  laid  with  41J-pouud  steel  rails  on  steel  cross-ties.  The 
line  is  owned  by  the  Gaekwar  of  Baroda,  and  is  operated  by  the  Bom- 
bay, Baroda  and  Central  India  Railway  Company.  The  other  line, 
known  as  the  Gaekwar's  Railway,  is  laid  with  wooden  ties. 

Bhavnagab,  Gondal,  Junagarh  and  Porbandar  Railway. — 
The  extension  to  Porbandar  will  be  laid  with  41^-pound  steel  flange 
rails  on  steel  cross-ties ;  this  line  will  be  69  miles  long.  Of  the  259f 
miles  in  operation,  193^  miles  are  laid  with  similar  rails  on  half-round 
pine  ties,  and  66J  miles  with  similar  rails  on  jungle- wood  ties  from  a 
local  forest. 

MoEvi  Railway. — Part  of  this  line  runs  along  a  highway.  The 
track  is  laid  with  about  90  miles  of  19-pound  steel  rails  on  Kerr  and 
Stuart's  patent  steel  ties,  which  are  similar  to  the  state  railways  type. 
(See  Kerr  and  Stuart,  England.) 

JoDHPORE  Railway. — The  Pachpadra  extension,  59^  miles  long,  is 
laid  with  36-pound  rails  on  steel  cross-ties.  The  main  line  is  laid  with 
similar  rails,  19  miles  on  creosoted  pine  ties,  and  45  miles  on  jangle- 
wood  ties. 
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Calcutta  Poet  Railway.— This  is  a  line  of  6  feet  6  inches  gauge, 
owned  by  the  port  commissioners.  The  following  report  was  kindly 
prepared  for  me  by  Mr.  B.  Desbruslais,  assistant  engineer,  at  the  in- 
stance of  the  commissioners : 

The  line  is  in  three  sections:  No.  1,  from  Chanpal  Ghat,  Calcutta,  to  the  govern- 
ment gun  foundry.  Ghat,  4085  miles,  laid  with  three  tracks ;  No.  2,  from  Chanpal 
Ghat  to  Kiddferpore  docks,  including  the  dock  lines, 7.25  miles;  No.  3,  from  the  Kid- 
derpore  Docks  to  hrick  fields  at  Akra,  3.50  miles.  Sections  No.  1  and  No.  2  are  laid 
•with  stcoi  bowls  ;  No.  3  is  only  a  temporary  line.  On  section  No.  2  the  curves  are  very 
slight  and  the  lines  run  generally  level,  except  on  each  side  of  the  level  crossing  at 
the  approach  road  to  the  Hooghly  floating  bridge,  where  the  grades  are  1  per  cent,  for 
600  feet.  On  No.  2  the  sharpest  curve  is  of  1,000  feet  radius,  and  the  line  is  nearly 
level.  No.  1  was  laid  in  1875  with  iron  rails,  which  were  replaced  in  1885  with  steel 
rails  30  feet  long.  No.  2  was  laid  in  1885-1886.  Mr.  William  Duif  Bruce  was  the 
engineer  to  the  port  commissioners  when  these  works  were  carried  out.  No,  1  was 
intended  to  do  away  with  as  much  as  possible  of  the  cart  traffic  on  the  Strand  road 
and  at  the  jetties ;  there  is  quite  a  heavy  freight  traffic.  No.  2  is  principally  for 
conveying  materials  for  the  construction  of  the  docks.  The  engines  are  tank  engines, 
with  four  wheels,  all  coupled  ;  wheel  base,  6  feet ;  they  wore  built  by  Diibs  &  Co.,  of 
Glasgow,  and  weigh  20  tons  empty  or  23  tons  with  tanks  and  bunkers  full,  giving  11^ 
tons  on  each  pair  of  wheels.  Each  tie  consists  of  two  of  MacLellau's  patent  steel  em- 
bossed bowls,  connected  by  a  tie-bar;  the  bowls  are  of  rectangular  form,  with  all 
sides  fluted;  they  weigh  33  pounds  each  (See  plate  No.  25).  They  are  spaced  3  feet 
apart,  center  to  center,  and  the  rails  are  laid  with  suspended  joints.  The  cost  was 
£14  ($70)  per  ton  delivered,  and  the  average  cost  of  maintenance  (labor  only)  on  sec- 
tion No.  1  is  26  rupees  ($8.22)  per  mile  ot  single  track.  The  rails  are  of  flange  section 
and  rest  directly  on  the  bowls,  to  which  they  are  fastened  by  two  bolted  clips  on  the 
outer  side  and  one  clip  on  the  inside ;  the  outer  bolts  are  seven-eighths  inch  in  diam- 
eter and  the  inner  bolts  1  inch  in  diameter.  At  curves  a  larger  number  of  tie-bars 
is  put  in  and  the  gauge  is  left  one-half  inch  slack.  The  tie-bars  are  of  angle-iron  with 
adjustable  clips  and  bolts  at  each  end;  they  are  spaced  6  feet  apart,  center  to  center. 
Ordinary  freight  cars  are  used,  but  the  speed  does  not  exceed  6  miles  per  hour.  The 
materials  appear  to  be  wearing  satisfactorily,  but  there  has  not  been  time  enough  to 
judge  of  their  durability.  Section  No.  1  is  ballasted  with  cinders,  which  are  easily 
procurable  and  answer  remarkably  well  for  packing  the  bowls;  the  cinders  are 
walled  in  by  the  curbstone  of  the  road,  the  rails  being  level  with  the  top  of  the  curb  ; 
all  rain-water  drains  through  the  cinders  and  is  carried  away  in  the  roadside  surface 
drain,  so  that  the  road-bed  is  well  drained.  Section  No.  2  is  ballasted  with  old 
bricks,  broken  to  pass  in  any  direction  through  a  2-inch  ring ;  being  rather  soft  they 
answer  very  well,  but  hard  burnt  brick  would  not  be  suitable.  The  cinders  do  not 
cake  or  harden  into  a  mass  under  the  bowls,  but  the  brick  ballast  seems  to  be  doing 
this.  The  suspended  rail-joints  on  section  No.  1  being  very  springy,  Mr.  Desbruslais 
designed  a  joint  tie,  which  has  been  laid  throughout  this  section  with  satisfactory 
results.  The  joints  on  section  No.  2  are  suspended.  The  general  results  of  this  track 
have  been  satisfactory  so  far,  and  there  is  no  trouble  with  maintenance  or  with  Iho 
rail  attachments.  When  once  the  clips  are  fastened  and  the  bolts  tightened  up  they 
do  not  require  any  farther  looking  after,  as  they  get  jammed  up  in  .a  few  weeks,  and 
a  difficulty  is  experienced  if  the  bolts  are  required  to  be  unscrewed.  The  fish-plate 
bolts,  however,  constantly  require  tightening.  There  is  no  trouble  from  breakages 
on  the  main  line;  it  is  only  at  switches  and  frogs  that  engines  or  cars  get  derailed, 
and,  as  the  speed  is  slow,  little  damage  is  done.  The  switches  and  frogs  are  laid 
OH  wooden  ties,  with  the  ordinary  cast-iron  chairs;  some  of  the  chairs  get  broken 
and  occasionally  a  switch  rail  and  coupliag-rod  bent.    The  cost  of  the  track  laid 
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complete,  including  the  cinder  ballast,  is  about  18  rupees  ($6)  per  yard.  The  speed 
being  only  G  miles  per  hour,  tbo  results  that  may  bo  obtained  on  this  line  can  not  be 
assumed  as  similar  to  those  that  will  be  obtained  from  the  use  of  this  description  of 
track  on  lines  where  high  speeds  are  attained. 

The  rails  are  of  steel,  of  flange  section,  and  w^igh  60  pounds  per 
yard ;  they  are  4.^  inches  high,  4  inches  wide  over  the  flange,  with  a 
head  2^  inches  wide,  having  top  corners  of  one-half  inch  radius.  The 
bowls  are  about  30  inches  long,  18  inches  wide,  and  4J  inches  deep; 
the  greater  length  is  in  the  direction  of  the  track.  The  rail  joints  are 
even  and  come  between  the  bowls.  The  joint  support  designed  by  Mr. 
Desbruslais  consists  of  a  cast-iron  plate  and  chair  under  each  joint, 
without  tie-bars.  (See  plate  No.  25.)  The  plate  is  24  inches  by  12 
inches,  the  greater  length  being  transverse  to  the  track.  The  bottom 
is  flat,  but  at  the  middle  of  the  upper  surface  is  a  support  6  inches  high^ 
forming  the  rail-seat.  From  each  side  of  this  two  webs  run  to  the 
edge  of  the  plate.  The  splice-plates  are  double  angle-bars,  having  a 
vertical  web  below  the  horizontal  flange ;  on  the  inner  edge  of  the  bottom 
of  this  lowei"  web  is  a  rib,  so  that  when  brought  together  by  the  splice- 
bolts  these  ribs  fit  under  the  projecting  top  of  the  rail-seat  and  thus  pre- 
vent vertical  motion  of  the  rails  at  the  joint.  The  splice  plates  are  18 
inches  long,  with  four  bolts.  The  tie-bars  are  of  angle-iron,  2^  by  2J  by 
J  inch  ;  they  are  placed  between  the  pairs  of  bowls  and  connect  the 
rails  instead  of  the  bowls,  the  latter  being  left  quite  independent  of 
each  other.  At  each  end  of  the  bar  are  two  lugs,  one  fixed  at  the  ex- 
tremity of  the  bar,  the  other  loose  5  the  tops  of  these  lugs  are  bent  over 
to  hold  the  rail-flange;  when  the  rails  are  in  place  the  lugs  are  held 
together  by  a  horizontal  bolt  passing  under  the  flange.  In  the  middle 
of  and  between  the  tracks  the  ballast  is  level  with  the  top  of  the  rails, 
sloped  down  at  the  rails  to  the  under  side  of  the  head.  The  space 
between  the  rails  of  adjacent  tracks  is  7  feet. 

Miscellaneous  Lines. — The  following  railways  are  laid  with 
wooden  ties : 

Dildaruagar-Ghazipur;  65-pound  steel  rails,  on  bearing  plates  and 
creosoted  pine  ties. 

Bengal  Central ;  62-pound  flange  rails,  on  creosoted  pine  ties. 

Wardha  Coal ;  creosoted  pine,  teak,  and  sill  ties. 

Toungoo-Mandalay  (Burmah) ;  flange  rails,  on  teak  and  pyingado 
ties. 

Bareilly-Pilibhit ;  4|  pound  flange-rails,  on  deodar  and  sal  ties. 

Nalhati ;  31  and  41|  pound  flange-rails,  on  teak,  sal,  and  pine  ties. 
.  Lucknow-Sitapur-Sihraman  ;  41  |-pound  steel  rails. 

Amritsar-Pathaukot;  62-pound  rails. 

Darjeeling-Himalayan ;  30  and  40  pound  rails,  on  wooden  ties. 

Deoghur;  36  pound  steel  rails,  on  wooden  ties. 

Dibru-Sadiya;  41|-pouud  steel  rails. 

Bengal  and  Northwestern  ;  41 4 -pound  steel  rails,  on  sal  and  creosoted 
pine  ties. 
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Rohilkuntl-Kumaon ;  41|-pouud  steel  rails,  on  sal  and  jungle- wood  ties. 

Pondieherr^'^ ;  40.3-pouud  rails,  on  wooden  ties. 

West  of  India  Portuguese 5  62pound  rails,  creosoted  pine,  sM,  and 
teak  ties. 

H.  H.  the  Gaek war's  ;  30-pound  flange  rails,  on  wooden  ties. 
Rajpura-Bhatinda ;  68-pound  steel  rails  on  deodar  ties. 

TIES. 

Denhatn-Olpherfs  cast-iron  plate  ties  (See  plates  Nos.  21  and  23).— This  tie  consists 
of  a  pair  of  cast-irou  plates,  each  having  a  chair  for  one  rail,  with  a  wrought-iron  tie- 
bar  connecting  them.  It  is  interesting  to  note  the  extent  to  which  cast-iron  has  been 
employed  with  snccessfiil  results — as  on  the  East  Indian  Railway.  On  the  guaranteed 
raihvays  of  5  feet  (3  inches  gauge  the  plates  are  oblong,  34  inches  by  12  inches,  the 
greater  length  being  transverse  to  the  track.  The  thickness  at  the  middle  is  three- 
fourths  inch,  tapering  to  three-eighths  inch  near  the  edges,  while  at  the  edge  it  is 
five-eighths  inch.  On  the  bottom,  parallel  with  the  rail,  is  a  segmental  rib  1^  inches 
deep  at  the  middle.  At  the  middle  of  the  plate  are  the  jaws  which  form  the  rail 
chair,  from  each  of  which  run  two  ribs  Sj^g  inches  high  at  the  jaw  and  curving  down 
to  the  edge  of  the  plate.  The  rails  are  of  double-headed  section  and  are  suspended  in 
the  chair  by  the  under  side  of  the  head  resting  on  the  jaws  of  the  chair.  The  outer 
jaw  is  a  part  of  the  plate  castiug,  but  the  inner  jaw  is  loose  and  is  held  iu  place  by  a 
flat  taper  key  or  cotter  driA^en  horizontally  through  slots  in  the  plate  ribs,  the  tie- bar 
and  a  web  projecting  from  the  back  of  the  jaw  ;  the  cotter  is  10  inches  long,  2  inches 
and  If  inches  wide,  and  three-eighths  inch  thick.  With  this  fastening  no  wooden 
keys  are  used  to  fasten  the  rail,  which  is  an  important  feature  in  hot  countries.  The 
tie-bars  are  flat,  2^  inches  deep  by  one-half  inch  thick ;  they  rest  on  the  npper  surface 
of  the  plates  and  pass  under  the  rails  through  both  jaws  of  each  plate.  They  are  se- 
cured on  the  outside  of  each  plate  by  a  gib,  and  on  the  inner  side  by  the  cotter, 
which  holds  the  several  parts  together  and  brings  the  loose  jaw  firmly  home  against 
the  rail.  The  height  from  the  top  of  plate  to  the  top  of  the  jaw  is  7f  inches,  and  the 
metal  in  the  jaw  is  about  five-eighths  inch  thick. 

For  the  meter-gauge  lines  the  plates  are  24  inches  by  10  inches,  with  a  tie-bar  1^ 
by  i  inch;  the  plates  are  nine-sixteenths  inch  thick  at  the  middle,  three-eighths  inch 
at  the  sides,  and  one-half  inch  on  the  edges.  The  rails  being  of  flange-section,  the 
chairs  are  of  different  shape  from  the  above  ;  the  outer  side  of  the  chair  has  two  lugs 
which  hold  the  rail  flange,  while  the  loose  jaw  on  the  inuer  side  is  of  T  form,  the  hori- 
zontal portion  bearing  on  the  rail  flange ;  the  jaw  is  held  iu  place  by  a  key,  as  above 
described.  The  weight  is  as  follows  : 
Cast-iron :  Pounds. 

Two  plates 89i 

Two  jaws ^ 

Wrought-iron : 

Tie-bar Hi 

Two  cotters 2i 

Two  gibs i 

In  another  form  of  the  tie  for  meter-gauge  lines  each  rail  rests  on  a  block  of  wood 
5  inches  long,  7  inches  wide,  and  2i  inches  thick.  The  top  is  cut  to  give  the  rail  an 
inward  cant  of  1  in  20.  The  rail  is  fastened  by  two  bolts;  the  heads  are  on  top,  with 
■washers,  which  hold  the  rail  flange,  and  the  nuts  are  on  the  under  side  of  the  plate, 
being  prevented  from  turning  by  lugs  on  the  plate.  The  bolt  is  screwed  down  through 
the  nut.  The  tie-bars  are  only  2  feet  7f  inches  long,  resting  on  the  inner  side  of  the 
plate  and  having  a  notch  which  engages  with  a  projection  on  the  plate.    On  the 
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inner  edge  of  each  plate  is  a  lug  with  a  slot,  through  which  the  tie-bar  passes,  and  a 
taper  key  placed  on  edge  is  driven  into  this  slot  aloug  the  top  of  the  tie-bar. 

The  "  Deuham-Olpherts-Molesworth  "  tie  for  meter-gauge  lines  is  similar  to  the 
first  type  described  for  this  gauge,  but  has  the  corrugated  wedge  fastening  designed 
by  Sir  G.  W.  Molesworth  and  described  under  the  heading  of  the  Indian  State  rail- 
ways. Another  modification  in  these  ties  is  the  mode  of  adjusting  the  gauge  by 
means  of  the  tie-bars.  Under  the  raised  rail  seat  are  two  studs  in  the  plate.  They 
are  placed  side  by  side  and  are  of  different  dimensions.  The  end  of  the  tie-bar  pro- 
jects under  the  rail  and  has  a  notch  on  the  lower  edge  to  fit  over  the  projections  or 
studs.  When  the  tie-bar  is  placed  with  its  ends  fitting  on  one  diagonally  opposite 
pair  of  studs  the  gauge  is  3  feet  3|  inches  for  tangents.  When  the  ends  fit  over  two 
opposite  studs  the  gauge  is  3  feet  3f  inches  for  easy  curves.  When  the  ends  fit  over 
the  other  diagonally  opposite  studs  the  gauge  is  3  feet  4i  inches  for  sharp  curves. 
The  weight  is  as  follows :  2  plates,  100  pounds ;  2  jaws,  5  pounds ;  2  wedges,  4 
pounds;  1  tie-bar,  10  pounds  ;  total,  119  pounds.  This  type  is  also  suitable  for  broad- 
gauge  lines. 

The  ties  take  the. same  depth  and  level  of  ballast  as  the  wooden  ties,  so  that  by 
inserting  a  plate  tie  whenever  a  wooden  tie  is  removed  the  renewal  can  be  carried 
out  gra<lually  wnthout  closing  the  line  in  sections  or  in  any  way  interfering  with  the 
traffic.  The  ties  have  a  very  long  life,  and.  some  have  been  exhibited  at  Calcutta 
over  which  16,000,000  tons  of  traffic  had  passed  without  causing  appreciable  wear  or 
injury.  The  percentage  of  breakages  is  very  small,  and  when  broken  or  worn  out  the 
plates  have  still  the  value  of  scrap  iron,  abont  30  rupees  ($6)  per  ton  at  any  large  foun- 
dry. The  price  in  India,  when  imported,  is  about  6  rupees  8  annas  ($2.16),  but  when 
of  home  manufacture  the  price  will  be  about  $2  per  tie  complete.  The  ties  are  said 
to  make  a  very  smooth  and  easy  riding  track,  with  no  jolting  or  rattling  with  trains 
traveling  at  high  speed.  Some  of  the  ties  on  a  broad-gauge  line,  with  74-pouud  rails, 
were  carefully  examined  after  three  years*  service  and  found  to  be  in  perfect  comli- 
tion,  though  about  12,000,000  tons  of  traffic  had  passed  over  them  at  various  speeds. 

As  regards  maintenance,  it  has  been  stated  that  during  the  first  year  the  amount 
of  labor  is  slightly  greater  for  track  laid  with  "  Denliam-Olpherts"  ties  than  for  a 
good  track  on  wooden  ties  ;  during  the  second  year  it  is  about  equal,  or  a  little  in 
favor  of  the  metal  track,  while  during  subsequent  years  it  is  much  less  for  the  track 
on  metal  ties  than  for  that  on  wooden  ties.  The  following  are  stated  to  be  the  com- 
parative proportions  of  the  cost  of  renewals  per  mile  per  annum : 

Creosoted  pine $750 

Deodar 625 

sai 500 

Denham-Olpherts 40 

The  breakages  in  handling  are  said  to  be  less  than  one-eighth  of  1 
per  cent.,  and  one-half  of  1  per  cent,  per  aunum  in  the  track,  against 
2  or  3  per  cent,  for  bowl  ties. 

The  ties  are  generally  laid  eleven  to  a  rail  length  of  30  feet;  the  bal- 
last is  usually  2-inch  to  4-inch  hard  stone,  but  broken  brick,  ashes, 
gravel,  dirt,  etc.,  are  used.  The  ties  are  found  to  be  sufficiently  elastic 
for  smooth  running  of  trains  at  high  speeds.  The  weight  of  the  ties  for 
broad-gauge  lines  laid  with  75-pound  rails  is  about  as  follows: 

Pounds. 

2  cast-iron  plates 175 

2  cast-iron  jaws 22 

2  wrought-iron  cotters 2^ 

2  wrought-iron  gibs f 

1  tie-bar 22i 

Total 222i 
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The  following  is  an  abstract  of  a  statement  submitted  to  me  in  Jane, 
1888,  by  Mr.  Browning,  the  London  agent  for  the  patentees  i 

Mr.  C.  H.  Dcuham  is  the  euginecr-iu-chief  of  the  East  Indian  Railway  and  Mr. 
Olpherts  was  a  district  engineer  on  the  same  line.  Several  years  ago  large  quantities 
of  cast-iron  bowls  were  sent  out  from  England  for  use  on  the  East  Indian  Railway, 
having  been  already  used  with  success  on  the  Egyptian  railways  and  in  parts  of  India 
where  the  ballast  was  of  sand  or  light  gravel.  The  East  Indian  Railway  was  bal- 
lasted for  a  great  part  of  its  length  with  hard  red  iron  stone  mixed  with  clay.  This 
ballast  soon  shaped  itself  under  the  bowls  and  became  hardened  into  solid  concret- 
cakes,  so  that  it  was  found  that  the  bowls  were  constantly  getting  broken  by  cone 
cussion  with  the  solid  blocks  of  ballast  on  which  they  rested.  To  obviate  this  trouble 
Mr.  Denham  designed  a  cast-iron  tie  of  about  equal  weight  with  the  bowls,  but  formed 
of  flat  plates  with  vertical  ribs  so  arranged  on  the  upper  surface  as  to  strengthen  the 
plate  and  form  a  seat  for  a  wooden  cushion  to  which  the  ordinary  chair  was  bolted. 
Such  plates  laid  in  pairs  connected  by  wrought-iron  tie- bars  wei*e  tried,  with  satis- 
factory results.  The  under  side  of  the  plate  being  flat  admitted  of  easy  and  solid 
packing,  and  the  proportion  of  breakagein  the  track  was  at  once  reduced  to  about  one- 
one-tenth  of  that  of  the  bowls,  while  the  trains  were  found  to  run  more  smoothly.  The 
principle  of  a  flat  iron  plate  tie  having  been  thus  established,  improvements  in  de- 
tail rapidly  followed.  The  formation  of  the  outer  jaw  on  the  plate  and  the  keying 
up  of  a  loose  inner  jaw  against  the  rail  by  a  cotter  passing  through  it  and  the  webs 
of  the  rail  seat  were  designed  by  Mr.  Olpherts,  and  finally  the  wooden  cushions  upon 
which  the  rails  rested  were  abandoned  and  the  rails  were  suspended  by  the  under 
side  of  the  head  resting  upon  the  tops  of  the  jaws.  In  this  form  the  tie  had,  in 
June,  1888,  been  in  use  for  about  seven  years  on  the  East  Indian  Railway  and  other 
railways  in  India.  The  tie  is  also  adapted  for  flange  rails  and  has  been  used  on 
the  meter-gauge  railways  of  India,  which  are  laid  with  steel  flange  rails  weighing 
41i  pounds  per  yard.  Up  to  June,  1888,  more  than  2,000,000  pairs  of  plates  for  double- 
headed  rails,  and  about  600,000  pairs  for  flange  rails  had  been  made,  and  their  use 
was  extending  rapidly.  The  saving  in  cost  of  maintenance  on  the  main  track  of 
an  Indian  railway  laid  with  75  or  80  pound  double-headed  steel  rails  on  these  ties  as 
compared  with  the  same  road  laid  on  the  best  wooden  (sal)  ties  has  been  found  by 
experience,  extending  over  several  years,  to  be  about  $400  per  mile  per  annum.  Some 
engineers  still  prefer  the  original  form  of  the  plate  ties  on  the  ground  that  the  wooden 
cushions  give  elasticity  to  the  track,  but  the  general  opinion  is  in  favor  of  the 
latest  pattern,  in  which  the  rail  is  suspended  and  which  is  free  from  the  serious  de- 
fects due  to  the  shrinkage  and  rapid  destruction  of  wood  in  hot  climates.  No  trouble 
is  experienced  in  maintaining  a  good  track,  and  the  difficulty  of  preserving  an  ac- 
curate gauge,  which  is  unavoidable  in  a  track  laid  with  wooden  ties,  hardly  exists  in 
a  track  carefully  laid  with  the  metal  ties.  Actual  renewals  are  reported  to  be  rare. 
The  plates  require  rather  more  frequent  packing  than  wooden  ties,  but  the  ballast  to 
be  moved  is  much  less.  It  is  generally  concluded  that  the  economy  found  to  result 
from  the  use  of  these  plates  is  due  to  the  renewals  being  so  much  less  frequent  than 
the  renewals  of  wooden  ties,  and  to  the  fact  that  a  broken  cast-iron  tie  is  worth 
about  three-fourths  of  its  original  *^alue,  while  a  worn-out  wooden  tie  is  almost 
worthless.     About  900  miles  of  track  are  now  laid  with  these  ties. 

Moore's  cast-iron  ties. — Mr.  George  E.  Moore,  deputy  consulting  engineer  for  rail- 
ways, has  designed  some  forms  of  cast-iron  plate  ties,  the  special  feature  of  which  is 
that  the  ends  of  the  tie-bar  support  the  rails  on  the  inside  of  the  track,  the  gauge 
depending  on  the  accuracy  of  the  length  of  the  tie-bars  instead  of  upon  the  accuracy 
of  the  casting.  The  plates  for  broad-gauge  lines  are  rectangular,  about  33  inches  by 
12  inches,  the  greater  length  being  transverse  to  the  track.  The  tie-bars  are  of  T 
section,  resting  between  lugs  on  the  plate  and  secured  by  keys  driven  through  the 
lugs  and  bar.  With  double-headed  rails  the  end  of  the  bar  abuts  against  the  web ; 
with  flange  rails  the  end  is  cut  to  fit  the  web  and  flange.    The  plates  for  double- 
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headed  rails  have  a  grooved  depression,  forming  a  seat  for  the  lower  head,  and  a  jaw 
ou  the  plate  holds  the  rail  on  the  outside  ;  for  tiunge  rails  there  is  a  Qui  seat  with  a 
cast  clip  to  hold  the  outer  flange  of  the  rail.  No  arrangements  are  made  for  altera- 
tions of  the  gauge.  For  light-meter  gauge  lines  the  tie  may  consist  of  the  plates  and 
tie-har  only,  dispensing  with  all  loose  pieces.  These  ties  are  placed  diagonally  to  the 
track,  with  tbe  mils  iu  place ;  the  plates  are  then  shifted  to  bring  the  tie-bar  at  right 
angles  to  the  rails,  when  the  notches  and  lugs  engage  and  make  the  fastenings. 

A  suggested  form  of  cast-iron  tie  somewhat  resembles  the  steel  tio  of  the  state  rail- 
ways; it  is  of  shallow  inverted-trough  section,  deeper  at  the  ends,  and  with  a  rib 
under  each  rail.  The  middle  of  the  top  table  is  cut  away  to  reduce  the  weight  and 
facilitate  packing.  Another  suggested  form  consists  of  two  plates  shaped  like  tennis 
rackets,  but  with  parallel  sides.  On  the  top  of  the  end  of  the  narrow  part,  or  "handle," 
is  a  lug,  and  when  brought  together  these  cuds  abut  against  one  another  and  are 
secured  by  a  bolt  passing  through  the  lugs.  Ko  loose  fastenings  are  used,  each  plate 
having  two  clips  for  the  rail  flange;  the  plates  are  put  diagonally  in  the  track,  with 
the  rails  resting  between  the  clips;  they  are  then  swung  around  till  at  right  angles 
to  the  track,  bringing  the  narrow  ends  together  and  causing  the  clips  to  overlap  the 
rail  flanges.  For  light  lines  the  narrow  part  of  the  plates  may  be  dispensed  with 
and  a  tie-bar  used  to  connect  the  plates.  It  has  been  suggested  that  ties  of  this  kind 
might  be  made  of  pressed-steel  plates,  but  Mr.  Moore  is  in  favor  of  cast-iron,  as  the 
ties  can  then  be  of  home  manufacture.  The  plan  of  using  a  tie  made  in  two  pieces 
connected  in  the  middle  of  the  track  is  not  new,  although  Mr.  Moore's  designs  may 
have  some  originality ;  such  ties  were  patented  in  the  United  States  as  early  as  1878 
(Nos.  2073-20,254802,312881).    (See  Preliminary  Report,  Bulletinlll,  Forestry  Division.) 

Mr.  Moore's  latest  form  of  tie  (March,  1889)  is  a  cast-iron  cross-tie  of  shallow 
inverted-trough  section,  with  closed  ends,  and  having  a  deep  corrugation  along  the 
middle  of  its  length,  and  making  a  groove  on  top  and  a  rib  below.  The  tie  is  lOJ 
inches  wide  on  the  bottom,  9  inches  wide  on  top,  and  li  inches  deep  at  the  sides  and 
middle  groove;  the  groove  is  1  inch  wide.  The  sides  and  groove  are  one-fourth  inch 
thick  and  the  top  three  eighths-inch  thick.  At  each  end  of  the  tie  are  two  rigid  rail 
clips,  no  loose  pieces  being  used,  and  the  fastening  being  effected  through  a  certain 
amount  of  spring  in  the  rail.  This  plan  is  claimed  to  be  particularly  suited  to  light 
railways  of  narrow  gauge,  as  the  rails  can  be  easily  sprung  into  place  by  the  use  of  a 
bar.  For  broad-gauge  lines  with  heavy  and  stiff  rails  one  of  the  two  lugs  at  each 
end  of  the  tie  must  be  made  to  turn  to  some  extent  round  a  bolt  or  rivet,  but  here, 
also,  the  locking  is  to  be  done  by  springing  the  rail.  The  movable  olip  has  a  pro- 
jection on  the  side  opposite  to  the  rail  to  enable  a  claw-bar  to  be  used  to  move  the 
clip  on  or  off  the  rail  flange.  Arrangements  may  be  made  for  adjusting  the  gauge  at 
curves,  but  Mr.  Moore  does  not  consider  that  this  is  necessary  iu  ordinary  country. 
For  heavy  lines  it  is  proposed  to  use  an  outer  fixed  clip  2i  inches  square  clear  of  the 
rail,  with  a  lip  one-half  inch  by  one-half  inch  projecting  over  the  rail  flange;  the 
inner  clip  is  of  the  same  size,  fastened  by  a  three- fourths-inch  rivet  with  a  one-eighth- 
inch  washer  under  the  tie;  this  clip  turns  slightly  on  the  rivet.  An  oval  hole  for 
tamping  is  provided  on  each  side  of  the  rail. 

Bell's  cast-iron  tie.— The  tie  designed  by  Mr.  Horace  Bell  is  ft  flat  cast-iron  plate  tie, 
intended  for  meter-gauge  lines  with  flange  rails.  The  plates  are  24  inches  long  and 
10  inches  wide,  the  greater  length  being  transverse  to  the  track ;  the  thickness  ia 
live-eighths  inch  at  the  middle,  tapering  to  three-eighths  inch,  and  on  the  under  side 
of  the  plate  are  two  ribs  6  inches  apart,  parallel  with  the  rail.  The  rail  rests  on  an 
elevated  seat  with  a  projecting  lug  on  each  side ;  a  key  of  malleable  cast-iron  of  ^ 
section,  tapered  1  in  100,  is  driven  between  the  lug  and  flange  ou  one  or  the  other  side 
of  the  rail  according  to  the  gauge;  the  vertical  web  of  the  key  rests  in  a  notch  in  the 
rail  seat  and  tie-bar.  The  tie-bar  is  of  J,  section,  1^  inches  deep,  1  inch  wide,  aud 
one-half  inch  thick ;  it  rests  above  the  plate,  passing  through  lugs  and  under  the 
rail ;  when  in  position  the  lower  leg  of  the  key  engages  with  a  notch  in  the  upper 


254 

edge  of  the  bar.  In  another  of  Mr.  Bell's  ties  there  is  but  one  rib  on  the  bottom, 
and  on  the  top  are  lour  ribs  running  from  the  raised  rail  seat,  one  to  each  corner  of 
the  plate.     The  tie-bar  is  flat,  IJ  by  ^  ijich. 

Denham's  cast-iron  tie. — This  consists  of  two  cast-iron  plates,  :{4  by  12  inches;  a 
■wrought-iron  tie-bar  4  feet  6  inches  by  2  inches  by  ^  inch  ;  two  ordinary  rail  chairs 
weighing  27  i)onnds  each,  and  a  wooden  cushion  14  inches  by  7  inches  by  1^  inchea 
The  usual  wooden  keys  are  used  for  fastening  the  rails,  and  instead  of  spikes  two 
bolts  (with  the  nuts  on  top)  pass  through  the  plate,  cushion,  and  chair.  Tlie  tie- 
bar  i)asses  through  a  lug  in  each  plate  and  fits  over  a  small  stud  cast  on  the  plate; 
it  is  kept  from  shifting  by  means  of  a  split  pin.  Of  4,000  ties,  only  one  breakage  oc- 
curred during  three  years,  and  that  was  owing  to  bad  drainage.  Stone,  gravel, 
aiul  dirt  ballast  has  been  used.  These  ties  are  said  to  give  better  results  than  the 
"  Denhani-Oliiherts  "  ties  for  lines  where  good  ballast  is  not  attainable,  owing  ap- 
parently to  the  use  of  the  wooden  cushion  between  the  chair  and  plate. 

SUMMARY  FOR  INDIA  OF  METAL  TRACK. 


Railway. 

Bowls. 

Cross-lies. 

Denham- 
Olnhet-ts 
plates. 

Total 

Miles. 
225J 

79J 

Miles. 
1, 497J 

Miles. 
296 
(        160  I 
I        762i^ 
50 

Miles. 
2,018} 

l.OOli 

50 

S54i 
500 

551i 
500 

300 
145i 

214 

514 

145J 
6 

6 

600 

370 

692 

34 

40 

1  010 

692 

30 

64 

.3 

a 

74 
800 

800 
140 
622 

77i 

300 

440 

C22 

774 
162 

Delhi,  Uiiiballa  and  Kalka ... ». 

162 

H.  H..  tbo  Nizam's 

87 
74 
6i 

175J 

2C2J 
74 
54 
50 

Kbanijiaon 

Aiiiriioti . 

H.  11.  the  Gaekwar's .....          

50 
69 
90 
69| 

Bliavna^ai'.Porbandar . 

69 

Morvi 

90 

Jodhpoie 

59| 

Calcutta  Port 

12 

12 

Total 

3,598 

3,912i 

1.714i 

9,2244 

These  figures  are  most  probablj'  considerably  below  the  actual  mile- 
age, owing  to  the  lack  of  complete  returns  and  to  the  fact  that  the  re- 
turns received  do  not  always  give  the  latest  mileage  laid.  The  160 
miles  of  the  East  Indian  Railway  are  estimated  as  the  proportion  of 
325J  miles  laid  with  iron  and  wooden  ties  intermixed. 


FARTHER  INDIA. 

In  Selangor,  one  of  the  protected  States  of  the  Malay  Peninsula,  the 
native  hard-wood  ties  have  not  worn  well,  and  in  1888  it  was  proposed 
to  try  some  wrought  iron  or  steel  ties.  The  colonial  secretary  atSinga. 
pore  wrote  me,  however,  in  June,  1889,  that  no  metal  ties  had  then  been 
laid  on  the  Selangor  Government  Railway.  In  1887,  20  miles  of  lino 
were  completed  by  the  Statej  the  meter  gauge  Government  railway 
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was  opened  for  light  trafl&c  iu  September,  188G,  and  for  regular  traffic  in 
January,  1887.  There  are  railways  iu  others  of  these  States  (Perak  and 
Suujei-Ujong),  but  no  returns  as  to  the  ties  used  have  been  received  j 
probably  they  are  of  wood. 

CEYLON. 

Mr.  F.  J.  Waring,  chief  resident  engineer,  wrote  in  October,  1889, 
that  no  metal  ties  are  used.  All  the  ties  are  of  Baltic  fir  or  native  or 
Australian  hard  woods. 

SUMATRA. 

On  the  railway  of  this  island,  which  is  a  Dutch  possession,  steel  cross- 
ties  are  used.  They  are  of  the  "  Post  type"  (Netherlands  State  Rail- 
way), and  are  imported  from  Holland.  At  first  they  were  laid  only  upon 
the  rack-rail  section  of  16.42  miles,  but  are  now  being  laid  over  the  entire 
length  of  the  line  90.20  miles.  Early  in  1889  a  contract  was  reported 
to  have  been  made  with  a  firm  at  Oberhauseu  for  121,000  ties  (4,750 
tons)  at  2.55  gulden  ($1.02)  each,  free  on  board,  at  Rotterdam  or  Am- 
sterdam, but  the  agent  of  the  manufacturers  of  these  ties  in  a  list  of 
sales  up  to  September,  1889  (see  "  Holland "),  gives  only  100,000  for 
Sumatra.  The  railway  is  of  meter  gauge,  and  was  built  to  develop  au 
extensive  coal  basin  in  the  interior.  The  rack-rail  section  crosses  a 
range  of  mountains,  and  has  grades  of  4  and  5  per  cent.  The  engines 
on  this  section  weigh  20  tons  each,  and  two  engines  (one  at  each  end  of 
the  train)  can  take  a  train  load  of  250  tons  over  the  section  at  a  speed 
of  Q^  to  7^  miles  per  hour.  The  sharp  curves  on  the  line  necessitate  a 
widening  of  gauge  of  .90  inch,  which  is  obtained  by  the  use  of  three 
sizes  of  bolts  with  eccentric  necks. 

CHINA. 

The  only  railway  at  present  existing  is  the  line  from  Kaiping  to  Tient- 
sin, 85  miles,  which  is  owned  by  the  China  Railway  Company.  It  is  a 
standard  gauge  road  (4  feet  8^  inches),  with  maximum  grades  of  1  to 
300  on  the  main  line  aud  curves  of  3,000  feet  radius.  The  track  is  laid 
with  rails  of  the  Sandberg  standard  sections,  GO  and  70  pounds  per  yard, 
with  angle-bar  joints.  The  ballast  is  of  broken  limestone  2  to  3  inches 
iu  size  and  9  inches  to  12  inches  deep  under  the  ties.  The  ties  are  of 
chestnut,  costing  60  cents  each,  and  having  a  life  of  about  seven  years. 
The  engines  have  a  weight  of  6  tons  on  each  driving-wheel.  The  traffic 
is  general  passenger  and  freight.  The  climate  is  reported  to  be  like 
Canada.  In  October,  1888,  Mr.  C.  W.  Kinder,  the  chief  engineer, 
stated  that  a  few  steel  cross-ties  were  to  be  imported  from  England  and 
tried  as  an  experiment.  They  were  of  the  type  adopted  on  the  Indian 
State  Railways,  of  inverted-trough  section  with  closed  ends,  and  hav- 
ing two  clips  stamped  up  out  of  the  metal  for  each  rail ;  a  serrated  steel 
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key  holds  the  rail,  being  driven  between  one  lug  and  the  flange.  The 
steel  is  five-sixteenths  inch  thick,  and  the  weight  of  the  tie  80  pounds. 
They  were  coated  with  tar-paint.  The  cost  was  $1.20  each  at  the  works 
and  $1.70  in  China.  They  were  thought  to  be  too  light  for  the  traffic, 
and  were  only  to  be  placed  on  trial.  They  were  manufactured  by 
Messrs.  Bolckow  &  Vaughan,  of  England. 

A  few  steel  ties  of  the  Tozer  type  (See  "England")  were  reported  as 
being  sent  out  for  trial. 

In  1887,  when  there  was  considerable  talk  of  American  companies  in- 
tending to  build  railways  in  China,  a  form  of  track  was  suggested  con- 
sisting of  metal  ties  of  *' Berg-and-Mark  "  section  (See  "  Germany  ")j 
they  were  to  be  6  inches  wide  on  top,  9  inches  at  the  bottom,  2^  inches 
deep,  with  the  sides  vertical  for  1  inch  from  the  bottom  ;  top  table  one- 
half  inch  thick,  with  a  rig  one  half  inch  thick  at  the  middle,  sides  one- 
fourth  inch  thick.  The  fastening  was  to  be  an  adaptation  of  the  Fisher 
rail-joint  fastening;  it  consisted  of  a  U-bolt  with  the  horizontal  part 
inside  the  tie  and  the  lugs  projecting  through  it,  one  on  each  side  of 
the  rail-flange,  with  washers  bearing  on  the  rail-flange  and  secured  by 
nuts.  At  joints  the  washers  would  hold  the  flange  of  the  angle-bars, 
the  joints  being  supported  on  a  tie. 

JAPAN. 

In  May,  1888,  Mr.  C.  A.  W.  Pownall,  chief  engineer  of  the  imperial 
Government  railways,  stated  that  a  few  cast-iron  bowl  ties  were  laid 
when  the  first  lines  were  built,  about  seventeen  years  previous,  but  they 
have  nearly  all  been  taken  up  again  and  hardly  any  remain  in  the  track. 
For  new  lines  j  timber  ties  are  used  exclusively. 

SUMMAllY  OF  METAL  TEACK  FOR  SECTION  4. 


Bowla. 

Cross-ties. 

Denbam- 

Olpherts 

plates. 

Total.  ' 

Milet. 
3,598 

MOM. 
3, 912i 
90 

Milet. 
1,7141 

Miles. 
9,224i 
90 

Sumatra .............. ...................... 

Total 

3,598 

•      4,002i 

1, 714i 

9,314) 

Section  5.— SOUTH  AMERICA,  CENTRAL  "AMERICA, 

AND  MEXICO. 

ARGENTINE  KEPUBILIC. 

General  Remarks. — Metal  track  is  the  standard  form  of  track  in 
this  coiiutry,  owing  to  the  difficulty  of  obtaining  suitable  timber  in 
sufficient  quantities.  The  most  generally  used  type  consists  of  cross- 
ties  composed  of  cast-iron  bowls  arranged  in  pairs  and  connected  by  a 
transverse  tie-bar.  Within  the  last  few  years,  however,  steel  cross- 
ties  have  been  introduced.  Since  1888,  about  700,000  steel  ties  of  the 
"Post"  type  (See  "Holland")  and  about  20,000  tons  of  the  Tozer  steel 
ties  (See  "England")  have  been  contracted  for.  Mr.  Griswold,  writing 
from  Buenos  Ayres  in  July,  1888,  said  in  regard  to  metal  ties:  "We 
use  nothing  else  here,  except  in  the  far  north  and  west."  The  timber 
ties  used  in  the  northern  part  are  principally  of  "  quebracho  Colorado," 
which  is  a  very  hard  timber ;  the  spike  holes  are  bored,  and  square 
spikes  with  rounded  ends  are  driven  in.  It  is  almost  impossible  to 
draw  these  spikes.  The  timber,  however,  is  very  inflammable,  and  the 
ties  are  therefore  covered  over  with  the  ballast.  Suitable  material  for 
proper  ballast  not  being  available,  the  surface  soil  is  generally  used, 
being  well  tamped  and  packed  into  and  around  the  bowls,  and  with 
ample  provision  made  for  drainage.  Between  the  rails  it  is  about  1 
inch  below  the  top  of  the  rail  head,  and  outside  the  track  it  is  nearly 
level  with  the  top  of  the  rails.  The  want  of  proper  ballast  is  especially 
felt  in  the  rainy  seasons,  when  the  earth  soil  ballast  is  frequently 
saturated  or  washed  out,  entailing  considerable  expense  for  repairs. 
The  usual  gauge  of  the  railways  is  5  feet  0  inches. 

Buenos  Ayres  Great  Southern  Railway  (See  plate  No.  26). — 
The  following  particulars  are  taken  from  a  full  and  complete  report, 
accomi)anied  by  drawings,  furnished  in  May,  1888,  for  the  purpose  of 
this  report  by  Mr.  Sam.  Abbott,  general  manager,  and  Mr.  Henry  G. 
Sketchley,  chief  resident  engineer : 

The  road  has  13.75  miles  of  double  track  and  819.50  miles  of  single  track  laid  with 
metal  ties.  The  steepest  grade  is  1  in  91  for  a  length  of  .77  mile  approaching  Buenos 
Ayres.  Generally  the  ruling  grade  is  I  in  200,  but  by  far  the  greater  porti(tn  of  the 
railway  is  either  level  or  has  very  flat  grades.  The  sharpest  curve  has  a  radius  of 
820  feet,  but  this  is  quite  exceptional,  and  is  close  to  a  station.  Generally  the  curves 
are  extremely  easy,  being  of  very  long  radius.    The  embaokments  and  cuttings  are 
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generally  small,  owing  to  the  extreme  flatncKS  of  tbis  couulry  ;  the  highest  bank  is 
21  feet  aud  the  deepest  cut  13  feet.  The  various  sections  of  the  line  were  opened 
to  traffic  as  follows : 


From— 


Bnenos  Ayrea Jeppener... 

Jeppener ('liascoiiius. 


To— 


Altainirano ]  Kanclios 

K;uu;ho8 M. I  .Salado 

Salado 

CliaHConiiis 
Las  Flores 

Dolores 

Azul 

Ayacuclio  . 
Olavarria .. 
La  (iania  ... 

Taiulil 

Juarez  

Maipw 

Hinojo 

Hinojo 


Las  Flores 

Dolores 

Azul 

Ayacucho 

Olavarria 

Taudil 

La  Gama 

El  Puerto 

Juarez 

Ti-es  Arroyos  . 
Mar  del  Plata. 
Sierra  Chica. .. 
Sierra  Baya  . . . 


Opened. 


Aug.  14, 
Dec  U, 
Mar.  1, 
May  19, 
July  1, 
^ov.  10, 
Sept.  8, 
Dec.  7, 
Mar.  15, 
Aug.  19, 
Oct.  2, 
May  7, 
Fflj.  I, 
Apr.  2, 
Sept.  26, 
June  1, 
....do.. 


1865 
1865 
1871 
1871 
1872 
187-t 
1876 
1880 
1883 
1883 
1883 
1884 
1885 
1886 
1886 
1887 


Length. 


Miles. 

47.85 
22.60 
14.88 
19.84 
40.17 
55.71 
67.93 
79.50 
27.10 
;«l.  10 
58.00 
162.  00 
53.00 
."iO.  12 
79.76 
4  21 
3.48 


There  is  considerable  passenger  traffiCj  especially  on  the  double  track.  The  freight 
traffic  consists  chiefly  of  wool,  hides,  grain,  stone  (the  latter  from  the  Sierras  of  Tan- 
dil  aud  Hinojo),  cattle,  horses,  aud  sheep.  The  locomotives  are  of  various  types  and 
weights ;  the  heaviest  are  built  by  Beyer  &  Peacock,  of  England,  and  weigh  162,f)80 
pounds,  with  a  weight  of  24,808  pounds  on  the  driving-wheels. 

Mr.  Henry  G.  Sketchley,  is  the  engineer  in  charge.  The  ties  consist  of  cast  iron 
bowls  on  the  Livesey  system  (See  "  England");  they  are  of  the  forms  patented  in 
1870  and  1882.  The  new  pattern  is  a  great  improvement  upon  the  old  one,  which 
had  not  sufficient  lateral  bearing  surface,  the  outer  jaws  cutting  into  the  flange  of 
the  rail  and  in  some  places  eating  it  away  right  up  to  the  web.  In  the  old  form  of 
bowls  there  were  recesses  carrying  hard- wood  cushions  for  the  rails  to  rest  on  ;  these 
became  rotten  in  course  of  time,  and  the  rail  then  bore  upon  the  edges  of  the  recess, 
which  cut  into  the  under  side  of  the  flange  of  the  rail.  The  sectional  area  of  the 
rail  being  then  reduced  in  two  places,  the  rail  became  unfit  for  use  much  soouer  than 
it  otherwise  would  have  done.  The  inner  jaws  (for  the  keys),  also  being  made  of 
cast-iron,  frequently  broke.  All  these  weak  points  have  been  remedied  in  the  new 
pattern  of  bowls.  The  bowls  are  of  cast-iron  and  weigh  82  pounds  each.  The  joint 
ties  are  spaced  3  feet  4^  inches  apart,  center  to  center  of  tie-bars,  aud  intermediatt* 
ties  3  feet  7J  inches.  No  preservative  treatment  is  considered  necessary;  cast-iron 
rusts  very  slowly  and  the  metal  is  pretty  thick.  They  are  manufactured  by  the  Au- 
derston  Foundry  Company,  of  Glasgow,  Scotland,  aud  the  cost  in  1888  was  $18.50  per 
ton,  delivered  free  on  board  fit  Glasgow.  For  curves  the  adjustment  of  gauge  is 
eflfected  by  having  the  holes  in  the  tie-bars  punched  a  little  farther  apart  to  give  a 
widening  of  from  one-quarter  to  one-half  inch,  according  to  the  radius  of  the  curve. 
The  tie-bars  can  be  bent,  but  this  is  a  bad  practice.  It  is  certain  that  the  ties  have 
a  very  long  life,  but  there  is  not  sufficient  data  at  hand  to  say  how  long. 

The  ballast  is  of  black  earth,  on  which  the  grass  is  allowed  to  grow.  During  the 
times  of  floods  the  grass  is  a  great  protection  ;  and  during  dry  weather  it  also  re- 
duces the  dust,  which  is  a  great  nnnoyanco  to  travelers.  Theballast  becomes  very 
highly  indurated  by  the  compression  aud  vibration  of  the  passing  trains,  so  much  so 
that  during  floods  the  earth  under  the  bowls  stands  up  likesmall  pillars,  all  the  in- 
termediate and  surrounding  earth  having  been  washed  away.  It  becomes  nec- 
essary, however,  to  pack  the  rails  with  hard-wood  ties  at  such  times,  as  nothing cau 
be  done  with  the  earth  that  has  become  saturated  with  water.  The  rails  are  of  steel, 
of  flange  section.  As  the  58-pound  rails  become  too  much  woru  to  allow  of  their  re- 
maiuing  in  the  track  they  are  being  replaced  with  70-pound  rails.  The  railjointa 
are  suspended. 
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The  reasons  for  adopting  metal  ties  were  the  difficulty  of  procuring  good  hard- wood 
ties  iu  sufficient  quantities,  and  their  greater  expense  ;  also,  because  a  more  rigid 
and  more  satisfactory  construction  can  be  made  with  iron  ties.  The  general  results 
are  considered  to  be  most  satisfactory.  In  very  wet  weather  there  is  certainly 
trouble  with  the  maintenance  of  track,  but  so  there  would  be  in  the  case  of  wooden 
ties  ;  the  reason  being  that  the  earth  when  wet  can  not  be  used  for  packing  in  either 
case.  There  is  no  trouble  with  the  rail  attachments.  Breakages  seldom  occur.  The 
iron  ties  are  considered  more  efficient  than  wooden  ties,  but  as  none  of  the  latter  are 
used  on  this  line  there  is  no  certain  data  for  a  definite  conclusion.  Wooden  ties  of 
"quebracho  Colorado"  cost  about  $2.25  each.  The  climate  is  very  variable  and 
humid;  consequently  wood,  especially  pitch  pine,  soon  becomes  rotten.  The  rails 
are  certainly  too  light  for  the  heavy  traffic  that  passes  over  them,  but  this  will  be 
generally  remedied  by  the  introduction  of  a  heavier  section  of  rail.  Generally  speak- 
ing, the  road  is  considered  a  good  one. 

The  drawings  show  bowls  oval  on  plau,  26  iucbes  long,  parallel  with 
the  rail,  and  18^  inches  wide  transverse  to  the  track  (See  plate  No.  26). 
The  length  on  top  is  21 J^  inches,  and  the  middle  is  depressed  like  a 
saucer.  The  thickness  is  live-eighths  inch  on  top,  five-sixteenths  inch 
on  the  sides  and  eleven  thirty-seconds  inch  in  the  middle.  The  rail  is 
secured  on  theouter  side  by  two  lugs  which  hold  the  rail-flange;  the  inner 
flange  is  held  by  a  cast-iron  taper  corrugated  key,  which  bears  on  the 
web  and  flange  of  the  rail,  and  is  driven  between  the  rail  and  a  corru- 
gated steel  jaw  which  is  let  into  a  socket  in  the  bowl  and  is  inclined 
toward  the  rail.  This  jaw  was  formerly  of  iron,  cast  on  the  bowl.  The 
tie  bar  is  of  wrought  iron,  1\%  inches  deep  by  one-half  inch  thick;  it 
passes  through  the  upper  part  of  the  bowl  and  is  secured  by  a  curved 
cutter  1|  inches  wide,  five-sixteenths  inch  thick,  6^  inches  long  on  the 
arc  and  about  5f  inches  radius.  The  cotter  is  under  and  parallel  to  the 
rail,  and  lies  iu  the  saucer-shaped  depression  in  the  middle  of  the  bowl. 
There  are  eight  pairs  of  bowls  to  a  rail  length  of  25  feet.  The  rails  now 
being  used  are  of  steel,  flange  section,  weighing  70  pounds  per  yard  ; 
they  are  25  feet  long,  but  are  to  be  30  feet  in  future ;  they  are  5  inches 
high,  head  2.4inches  wide,  3.45  inches  wide  over  the  flange,  radius  of  top 
table  15  inches,  and  of  top  corners  one-half  inch.  The  splice  plates  are 
of  steel,  of  deep  pattern,  having  a  vertical  web  projecting  below  the 
flange  of  the  rail,  and  being  5  inches  deep  over  all.  The  plates  are  18 
inches  long,  and  have  four  bolt-holes,  spaced  4 J  inches  center  to  cen- 
ter ;  the  inner  plate  has  the  holes  {%  inch  by  li\r  inches  to  fit  the  shape 
of  the  neck  of  the  bolt ;  the  outer  plate  has  holes  fifteen-sixteenths  inch 
diameter;  the  holes  in  the  i:ail  are  oval,  IJby  1  inch.  The  Ibbotsou 
patent  bolt  and  nut  is  used;  a  bolt  seven  eighths  inch  diameter,  with 
hexagon  nut  and  round  washer  1§  inches  diameter.  The  rail  joints  are 
even  and  suspended.  The  older  rails  were  of  steel,  and  of  similar  form  ; 
they  were  4^  inches  high,  with  a  head  2/e-  inches  wide,  and  a  flange  3^ 
inches  wide.  The  joints  are  as  above  described,  but  the  splice  plates  are 
only  4|  inches  deep. 

The  material  necessarily  used  for  ballast  requires  that  great  care  be 
taken  to  dispose  it  so  as  to  drain  easily  and  rapidly.    On  the  outer  side 
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of  the  track  it  is  level  with  the  uuder  side  of  the  rail  head,  and  is  then 
gradually  sloped  off  by  three  planes  at  different  angles  to  a  width  of 
about  18  feet  at  subgrade.  Between  the  rails  the  ballast,  at  a  distance 
of  about  6  feet  from  the  ends  of  the  rail,  forms  a  ridge  across  the  track 
level  with  the  under  side  of  the  rail  head ;  from  this  ridge  it  slopes  down- 
ward in  all  directions  to  the  drainage  channels  at  the  middle  and  ends 
of  the  rails.  The  channels  at  the  ends  are  cut  right  across  the  road- 
bed, but  those  at  mid-rail  length  only  run  from  the  middle  of  the  track 
to  one  side,  being  to  right  and  left  alternately.  In  this  way  a  form  of 
surface  is  given  which  tends  to  throw  off  water  and  drains  rapidly-. 
The  greatest  depth^of  ballast,  from  under  the  rail  heads,  is  18  inches; 
sloping  down  to  15  inches  at  the  center  line  of  the  track,  with  channels 
about  6  inches  deep.  At  the  rail  ends  the  ballast  is  about  12  inches 
deep  under  the  rails. 

Centbal  Argentine  Railway  (See  plate  No.  26). — In  1889,  the 
consulting  engineer,  Sir  Douglas  Fox,  of  London,  stated  that  about  640 
miles  were  then  laid  with  metal  track.  The  line  is  almost  entirely  laid 
with  ties  composed  of  cast  iron  bowls  of  Livesey's  pattern.  The  exten- 
sions which  were  under  construction  in  April,  1888,  were  being  laid 
with  these  ties.  There  is  no  ballast  proper,  the  bowls  being  jjacked 
with  the  black  loam  of  the  country.  The  grades  and  curves  are  easy. 
Speed  of  trains,  about  30  miles  per  hour.  Weight  on  driving  wheels  of 
locomotives,  about  G  tons  to  each  wheel.    The  gauge  is  5  feet  G  inches. 

The  following  particulars  are  from  a  statement  furnished  in  January, 
1889,  by  Mr.  Malcolm  Graham,  the  resident  engineer: 

The  line  is  from  Rosario  to  Cordoba,  with  branches  uuder  constructiou  from  Cafioda 
de  Gomez  to  Pergamino  and  Las  Yerbas.  The  total  length  was  245.52  miles.  The 
liuo  is  very  straight  aud  level,  having  maxirnniu  grades  of  .5  per  cent,  and  curves  of 
6,560  feet  radius.  Construction  was  commenced  in  1864  and  finished  iu  1870,  the  work 
being  done  under  the  supervision  of  Mr.  Graham.  The  traffic  consists  of  passengers 
and  general  freight.  The  locomotives  weigh  about  60  tons.  The  ties  are  of  cast-iron 
bowls,  on  Livesey's  system,  weighing  90  pounds  each.  They  are  manufactured  in 
England,  are  not  treated  with  any  preservative  process,  and  cost  delivered  $1.05 
(gold).  They  are  spaced  5  feet  8^  inclics  apart,  center  to  center;  no  special  arrange- 
ments are  made  for  curves.  They  are  spaced  'A  feet  9  inches  apart,  center  to  center 
of  tie  bars,  giving  eight  ties  to  a  rail  length.  Their  durability  is  very  good.  The 
ballast  is  of  black  earth,  which  is  good  except  in  wet  weather.  The  rails  are  of  steel, 
of  bull-headed  section,  30  feet  long,  and  weigh  66  pounds  per  yard  ;  the  joints  are 
suspended,  and  are  fastened  by  straight  splice-plates  18  inches  long,  with  four  bolts 
three-fourths  inch  diameter.  The  reason  for  usjng  metal  ties  is  the  difficulty  of  ob- 
taining wood;  the  general  results  of  the  metal  track  are  satisfactory.  The  climate 
has  no  perceptible  effect.  There  is  more  trouble  with  maintenance  of  the  metal  track 
than  of  track  on  wooden  ties,  especially  in  wet  weather.  Breakages  occur  in  ship- 
ment and  in  cases  of  derailment.  The  track  on  wooden  ties  is  considered  to  be  better, 
if  the  wood  was  only  obtainable.  The  difference  iu  cost  depends  upon  the  distance 
the  material  has  to  be  carried. 

Each  bowl  is  19^  inches  long,  at  right  angles  to  the  rail,  and  the 
dei)th  under  the  rail  is  5  inches.  (See  plate  No.  26.)  The  tie-bar  is  of 
wrought  iron  2  inches  deep,  one-half  inch  thick,  and  7  feet  long;  it  is 
secured  by  a  flat,  curved  cotter,  IJ  inches  wide  and  one-fourth  inch 
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thick,  driven  parallel  with  the  rail  through  the  bowl  and  a  notch  in  the 
lower  edge  of  the  tie-bar.  No  more  bull-head  rails  are  being  used,  but 
the  extensions  are  being  laid  partly  with  steel  flange-rails  weighing  80 
pounds  per  yard  (on  the  suburban  portion  near  Buenos  Ayres),  and 
partly  with  similar  rails  weighing  67  pounds  per  yard ;  the  latter  are  4j-| 
inches  high,  with  a  flange  3i  inches  wide;  they  have  an  inward  inclina- 
tion of  1  in  20.  The  track  was  being  relaid  in  18<S7-'88  with  steel  rails  25 
feet  long,  replacing  the  old  iron  rails.  With  this  work  an  extra  pair  of 
bowls  was  put  in  for  every  rail  length.  The  outer  flange  of  the  rail  is  held 
by  a  lug  on  the  bowl ;  the  inner  fastening  consists  of  two  pieces,  a  loose 
steel  jaw  and  a  cast-iron  key.  The  steel  jaw  is  3^  inches  square,  three- 
eighths  to  ti  ve-eighths  inch  thick ;  the  inner  face  is  corrugated  vertically 
and  there  are  two  vertical  ribs  on  the  back ;  this  jaw  is  let  into  a  socket  in 
the  bowl  and  inclines  inward  at  an  angle  of  about  55  degrees,  the  top 
being  about  1  inch  from  the  web  of  the  rail.  The  cast-iron  key  is  driven 
between  the  jaw  and  the  rail,  bearing  on  the  web  and  flange  of  the  rail. 
The  weight  of  the  ties  is  as  follows: 


Cast-iron  bowls  with  steel  jaws 

Cast-iron  keys 

Wrought-iron  tie-bar 

Wrought-iron  cotters 


Total  w(tight  per  tie 


Unit 
weight. 


Pounds, 
m.  (10 

fl.  00 
23.00 

0.84 


Total. 


Poundg. 

180.  00 

10.00 

2:5. 00 

1.68 


214.68 


The  dimensions  of  the  cross  section  of  the  line  on  double-track  are  as 
follows  :  Width  at  subgrade,  29.50  feet ;  outside  of  this  at  each  side  is 
a  ditch  18.4  inches  deep,  14  inches  wide  at  the  bottom,  and  22  inches 
wide  on  top.  The  distance  between  the  inner  rails  of  the  two  tracks  is 
7.31  feet,  and  the  distance  center  to  center  of  outer  rails  is  18.66  feet ; 
the  ballast  is  12  inches  deep  between  the  rails  and  18  inches  outside, 
sloping  down  3  to  1  to  form  a  drain  between  the  tracks ;  and  on  the 
outer  sides  it  slopes  down  3  to  1,  the  slope  being  3  feet  6  inches  wide, 
and  leaving  a  strip  12  inches  wide  between  the  toe  of  the  ballast  and 
the  ditch. 

In  regard  to  the  earth  ballasting,  Mr.  Walter  Morrison,  president  of 
the  company,  made  the  following  remarks  at  the  annual  meeting  in 
London,  in  May  1889 : 

You  kuow  that  iu  this  country  there  is  no  balhist.  The  sleepers  (ties)  are  just  pat 
down  on  the  soil,  and  when  it  rains  the  soil,  saturated  with  water,  works  up  into  a 
puddle,  and  it  is  impossible  then  for  the  pernianeut-way  (track)  men  to  do  anything 
with  the  line.  It  is  no  use  to  put  more  soil  under  the  sleepers  to  pack  them  up,  be- 
cause the  soil  becomes  a  puddle ;  and  I  am  atraid  that  when  the  rain  stops  we  shall 
have  a  heavy  bill  to  pay  for  damages  to  the  line  at  the  time  of  the  rain-fall. 

The  rain-fall  of  the  season  of  the  early  part  of  1889  was  said  to  have 
been  extraordinary  iu  its  persistence.  Allowance  must  be  made  for  Mr. 
Morrison  being  unacquainted  with  railway  construction  when  he  said 
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that  "the  sleepers  are  just  put  up  down  on  the  soil."  This  might  con- 
vey  the  ide«a  that  the  line  was  very  rouglily  and  cheaply  built;  but,  as 
has  been  shown  in  the  description  of  the  Buenos  Ayres  Great  Southern 
Kailway,  great  care  is  generally  taken  to  make  the  best  possible  road- 
bed with  poor  material.  From  the  particulars  given  above  it  is  proba- 
ble that  similar  care  has  been  taken  on  this  line,  and  Mr.  Morrison  was 
only  unfortunate  in  his  manper  of  expressing  himself. 

Buenos  Ayres  and  Pacific  Railway. — This  is  one  of  the  railways 
which  is  to  connect  with  the  Chilian  railways  and  form  a  transconti- 
nental line.  The  gauge  is  5  feet  6  inches.  It  is  about  426  miles  long; 
for  the  first  18.6  miles  wooden  ties  (of  quebracho-colorado)  are  used, 
and  the  remainder  is  laid  with  cast  iron  bowls.  The  bowl,  or  "copa,"  is 
oval  on  ])lan  ,  26  inches  long  by  18  inches  wide  across  the  track,  8  inches 
deep,  and  about  five-eighths  inch  thick ;  they  are  spaced  4  feet  8  inches 
apart,  center  to  center  of  tie-bars.  The  rails  are  of  double-headed  sec- 
tion ;  the  outer  side  is  supported  by  two  lugs,  and  on  the  inner  side  is  a 
wrought-iron  lug  with  a  key  driven  between  it  and  the  web  of  the  rail; 
they  are  spliced  in  the  usual  way. 

The  following  notes  are  from  letters  from  Mr.  F.  L.  Griswold,  pub- 
lished in  the  Railroad  Gazette,  New  York,  May  1  and  August  28, 1885. 

Fehi-uary  15,  1885. — Track-laying  under  good  organization  can  be  done  a  third 
more  rapidly  than  with  wooden  ties,  at  least  I  think  so.  The  rail  weighs  56  pounds 
per  yard  and  is  4  inches  high  and  3  inches  base;  it  has  a  bearing  of  16  inches  on 
each  tie  and  is  clamped  at  each  end  of  the  bearing  on  the  outside  and  at  the  middle 
on  the  inside.  The  wrought-iron  lug  that  holds  the  cast-wedge  is  corrugated  on  the 
inside  and  the  wedge  or  key  on  the  outside.  The  tie-rods  are  put  in  and  keyed  up 
on  the  ground.  Between  Buenos  Ayres  and  the  foot  of  the  Andes  the  location  is 
easy;  there  is  one  tangent  211  miles  long.  There  are  no  bridges.  The  deepe>st  cut 
is  about  3.28  feet  and  the  highest  fill  about  6.56  feet.  The  grades  are,  say,  0.5  per 
cent.,  or  26  feet  per  mile  as  an  outside  maximum.  Only  96  miles  are  as  yet  completed 
and  in  operation. 

June  29,  1885. — We  are  using  a  50-pound  English  steel  rail,  with  Livesey's  patent 
iron  bowls,  which  give  21  inches  of  support  to  28  inches  of  suspension,  or,  in  other 
words,  the  supports  are  21  inches  long,  and  the  clear  distance  between  supports  is 
28  inches;  all  loam  ballast.  Over  this  track  we  are  using  engines  of  about  40  tous 
on  a  wheel-base  of  about  18  to  20  feet  as  an  average  of  the  different  styles.  The 
east  end  of  the  road  has  been  in  use  for  about  twenty  months  and  shows  good  track 
and  the  rails  in  good  condition. 

In  a  personal  letter  to  me  in  July,  1888,  Mr.  Griswold  stated  that  he 
had  a  deep  interest  in  the  movement  for  forest  protection  and  in  the 
metal  tie  question.  He  gave  as  his  opinion  that  iron  or  steel  ties  will 
supersede  wood  in  nearly  all  countries,  and  that  a  track  may  be  built 
with  them  that  will  possess  equal  efficiency  in  all  respects  with  a  track 
on  wooden  ties. 

East  Argentine  Railway. — The  following  particulars  are  from  a 
report  sent  to  me  in  August,  1889,  by  the  president  of  the  Argentine 
Republic  Society  of  Civil  Engineers: 

The  line  runs  from  Concordia  to  Ccibo,  a  distance  of  99.20  miles.  There  are  12,500 
metal  cross-ties  in  use,  2,500  being  of  iron  and  10,000  of  steel ;  metal  ties  are  also  used 
in  renewing  old  wooden-ties.    The  ties  have  been  laid  at  diflferent  times  since  1880  and 
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the  work  has  been  done  under  the  snpervision  of  Mr,  Oliver  Budge,  chief  engineer  of 
the  railway.  The  locomotives  weigh  30  tons  each,  and  have  a  weight  of  11  tons  on 
the  driving-wheels.  The  iron  ties  are  made  by  the  Lo  Grange  Works  in  France,  and 
weigh  81.4  pounds  each.  The  steel  ties  are  of  the  typo  adopted  on  the  Indian  State 
Railways  and  are  manufactured  by  the  Ebbw  Vale  Iron  and  Steel  Company,  of  Eng- 
land ;  they  are  8  feet  long  by  8  inches  by  4  inches;  three-eighths  inch  thick ;  they 
weigh  90  pounds  each,  and  92i  pounds  with  fastenings.  They  are  spaced  3  feet  apart, 
center  to  center.  They  are  given  a  coat  of  coal  tar,  and  the  cost  at  the  works  is  $1.35 
eacb  in  gold.  On  cnrves  eight  ties  are  used  to  a  rail  length  of  21.32  feet.  There  is 
little  expense  for  maintenance,  and  the  ties  laid  in  1880  are  still  in  good  condition. 
The  ballast  is  of  gravel,  which  becomes  consolidated  under  the  ties.  The  width  at 
subgrade  is  16  feet.  The  rails  are  of  flange  section,  4  inches  high  and  3J  inches  wide ; 
they  are  spliced  by  fish-plates  and  4  bolts.  For  37.20  miles  the  joints  are  suspended, 
and  for  the  remaining  62  miles  they  are  supported  on  the  ties.  The  metal  ties  were 
adopted  on  account  of  their  greater  durability  than  wood,  and  the  results  have  been 
very  satisfactory.  There  is  no  trouble  with  the  rail  fastenings,  and  breakages  are 
very  rare.  The  steel  ties  efifect  a  saving  of  4  inches  of  ballast.  Hard-wood  ties  ara 
also  used,  and  cost  $1.20  (gold)  each.  The  climate  is  mild  and  has  very  little  de- 
structive effect  on  the  ties.  The  line  is  4  feet  8|  inches  gauge,  has  a  maximum  grade 
of  1  in  80  (1.25  per  cent.,)  and  a  minimum  curve  of  1,640  foot  radius.  The  rails  are  se- 
cured to  the  ties  by  riveted  and  bolted  clips,  the  inner  clip  of  one  rail  and  the  outer 
clip  of  the  other  rail  being  riveted  ;  the  holes  are  punched  cold. 

Santa  Ffe  and  Cardova  Great  Sottthern  Railway. — This  line, 
which  will  run  from  Villa  Constitucion  to  La  Carlota,  a  distance  of  186 
miles,  is  now  under  construction.  The  track  will  consist  of  steel  rails 
of  flange  section,  weighing  65  pounds  per  yard,  laid  on  steel  cross-ties ; 
21,000  tons  of  rails  and  20,000  tons  of  steel  ties  were  ordered  in  1889. 
The  ties  are  of  inverted  trough  section,  weighing  120  pounds  each,  and 
the  rails  are  secured  by  lugs  and  keys.  They  are  spaced  eleven  to  a 
rail  length  of  32  feet.  The  rail  joints  are  suspended.  The  ballast  is  of 
earth.  Schultz,  Tozer  &  Co.,  of  London,  supplied  the  365,000  steel  ties 
(20,000  tons),  which  are  for  mixed  gauge.  The  two  outer  rails,  for  the 
gauge  of  5  feet  6  inches,  are  of  flange  section,  and  are  secured  to  the  tie 
in  the  same  way  as  on  the  Indian  state  railways;  the  middle  rails,  for 
the  meter  gauge,  are  of  bull-headed  section,  secured  to  the  self-fasten- 
ing chairs  patented  by  this  firm  (See  "  England").  The  steel  used  is  of 
the  quality  generally  used  for  the  Indian  ties;  it  is  equal  to  a  tensile 
strain  of  between  26  and  31  tons. to  the  square  inch,  with  a  contraction 
of  40  per  cent,  at  the  point  of  fracture.  Mr.  E.  H.  Woods  is  the  en- 
gineer. 

Buenos  Ayres  and  Ensenada  Port  RAiLWAY.—Tbis  line  is  37 
miles  long,  5  feet  6  inches  gauge,  and  the  track  consists  of  steel  rails 
weighing  68  pounds  per  yard,  carried  on  cast-iron  bowls,  which  are  bal- 
lasted with  the  black  earth  of  the  country.  The  line  connects  the  city 
of  Buenos  Ayres  with  the  new  docks  and  port  at  Ensenada ;  the  cost 
was  about  $95,000  per  mile,  there  being  some  expensive  works  on  the 
first  5  miles  and  at  the  crossing  of  the  Riachuelo  River.  It  passes 
through  agricultural  and  grazing  countrj',  and  has  a  large  passenger 
traffic;  from  Buenos  Ayres  there  is  a  large  traffic  of  suburban  trains. 
The  following  note  on  the  respective  merits  of  steel  cross  ties  and  cast- 
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iron  bowls  (or  pots)  is  taken  from  tlie  report  of  Mr.  A.  R.  Brown,  gen- 
eral manager,  made  in  October,  1889 : 

Main  line. — This  is  in  good  rnuuing  order  throughout.  It  is  interesting  to  note  the 
superiority  of  the  new  transverse  steel  sleepers  that  you  have  senc  for  the  double 
line  over  the  "  pots."  I  have  laid  half  a  kilouieter  (.31  niile)  of  the  new  rails  and 
ties  between  Barracas  and  General  Mike  ;  they  have  been  down  since  April,  and  have 
hardly  required  any  touching.  It  is  difficult  to  estimate  the  enormous  saving  that 
may  be  effected  by  the  use  of  these  sleepers  in  the  personnel  of  the  permanent  way  ; 
they  are  especially  adapted  to  the  mud  ballast  of  this  country,  as  after  rain  there  is 
beneath  them  a  tie  composed  of  dry  earth,  which  forms  a  very  rigid  road.  Their 
great  superiority  over  the  pot  is  in  that  they  do  not  sink  on  one  rail  which  is  invari- 
ably the  case  with  the  pots,  which  carries  a  nasty  oscillating  movement  to  the  train; 
also  that  they  are  not  so  easily  broken." 

Buenos  Ayres  and  Rosario  Railway.— On  this  line  cast  iron 
bowls  are  said  to  be  used  as  far  as  Snnchales,  a  distance  of  341  miles, 
beyond  wlilcb  ties  of  "  quebracho  Colorado  "  wood  are  used. 

Buenos  Ayres  Northern  Railway. — This  line  has  5{f  miles  of 
single  track  laid  with  metal  track,  which  was  put  down  between  1877 
and  1886.  There  is  ordinary  passenger  and  freight  traftic,  hauled  by 
locomotives  weighing  26  to  48  tons  in  working  order.  Mr.  T.  E.  M. 
Marsh,  of  England,  is  consulting  engineer.  The  line  has  now  been  ab- 
sorbed by  the  Central  Argentine  Railway.  The  ties  consist  of  a  pair  of 
cast-iron  bowls  of  oval  shape  27  by  20  inches,  weighing  100  pounds 
each.  They  were  manufactured  by  the  Anderston  Foundry  Company, 
of  Glasgow,  Scotland,  and  are  treated  with  Dr.  Angus  Smith's  preserva- 
tive solution.  There  are  eight  pairs  of  bowls  to  a  rail  length  of  23  feet. 
The  bowls  are  connected  by  transverse  tie- bars,  with  a  gib  and  cotter 
fastening  to  each  bowl;  the  gauge  can  be  adjusted  or  widened  by 
transposing  the  gibs  and  cotters.  Up  to  August  15,  1889,  the  date  of 
Mr.  Marsh's  communication,  no  breakages  had  been  reported.  The 
parts  of  the  line  where  these  ties  are  used  are  badly  provided  with  good 
ballast  for  ordinary  wooden  ties,  and  the  metal  ties  are  adopted  because 
the  ballast  is  soft  and  bad  for  wooden  ties  of  ordinary  dimensions. 
Where  wooden  ties  are  used  they  are  of  native  hard  wood,  which  is  good 
and  durable.  The  rails  are  of  steel,  of  flange  section,  weighing  68  and 
75  pounds  per  yard ;  they  are  secured  by  patent  cast-iron  corrugated 
keys.  The  rail  joints  are  suspended,  and  are  spliced  by  fish- plates  16 
inches  long,  with  four  bolts. 

Western  of  Buenos  Ayres  Railway. — This  line  is  about  620  miles 
long,  5  feet  6  inches  gauge.  There  are  Barlow  iron  rails  weighing  88.5 
pounds  per  yard  ;  double-headed  rails  weighing  64.38  pounds  per  yard, 
and  steel  flange  rails  weighing  56.34  pounds  per  yard.  The  track  now 
used  consists  of  steel  rails  26.24  feet  long,  carried  on  nine  cross-ties  of 
hard  wood  (quebracho  or  urunday),  or  upon  seven  pair  of  Livesey's  cast 
iron  bowls. 

Andine  Railway'. — This  line  is  476  miles  long,  5  feet  6  inches  gauge. 
The  track  consists  of  rails  weighing  about  54  pounds  per  yard,  carried 
on  cast-iron  bowls. 
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Santa  F6  and  Northern  Colonies  Railway.— This  line  is  02 
miles  long,  1  meter  gauge.  The  rails  are  of  steel,  weighing  45  pounds 
per  yard.  Some  of  the  ties  are  of  the  "quebracho Colorado"  wood, 
brought  from  the  Chaco  and  from  Corrientes,  but  the  majority'  arc  of 
cast-iron  bowls. 

Northern  Central  Railway. — This  line  is  about  548  miles  long, 
1  meter  gauge.    Iron  ties  are  extensively  used. 

SUMMARY  OF  METAL  TRACK  FOR  THE  ARGENTINE  REPUBLIC. 


Railways. 


Buenos  Ayres  Great  Southern 

Central  Argentine 

Buenos  Ayres  and  Pacific 

East  Argontine 

Santa  Fe  and  Cordolia  Great  Soutbem. 

Buenos  Ayres  and  En.senada  Port 

Buenos  Ayres  and  Rosario 

Buenos  Ayres  Northern   

Western  of  Buenos  Ayres  (estimated). 

Andine 

Santa  F6  and  Northern  Colonies 

Norttaera  Central  (estimated) 


Total. 


Cast-iron 
bowls. 


MUes. 

640.  UO 
407. 40 


3C.  09 

341. 00 

5  SI 

250. 00 

476.  00 

00.00 
300.00 


3, 350.  !.•) 


Cross  ties. 


MUet. 


7.10 

186.00 

U.31 


193. 41 


CHIL.I. 

General  Remarks. — In  November,  1889,  "  Industries,"  and  some 
other  European  engineering  journals,  reported  that  the  Chilian  Govern- 
ment, through  its  legation  at  Paris,  France,  was  negotiating  for  739,400 
metal  ties  9  feet  long,  and  725,100  ties  4.25  feet  long.  Mr.  Henry  Budge, 
chief  engineer  of  the  State  railways,  has  stated  that  there  must  have 
been  some  mistake,  no  such  proposals  having  been  asked  for  by  the 
Government.  Mr.  C.  M.  Seibert,  secretary  of  the  United  States  legation 
at  Santiago,  stated  in  January,  1889,  that  there  were  679.52  miles  of  lines 
owned  by  the  Government,  and  965.96  miles  owned  by  private  parties  or 
companies,  a  total  of  1,645.48  miles.  Some  new  lines  are  being  built. 
He  also  stated  that  Chili  possesses  abundance  of  forests  in  the  southern 
part  of  her  territory,  suflBcient  for  supplying  railway  ties  for  many 
years. 

CoQUiMBO  Railway. — In  a  letter  dated  August  4, 1888,  Mr.  Henry 
A.  Vivian,  chief  engineer,  stated  that  in  1887  he  receiv^'d  from  England 
sufficient  steel  ties  to  lay  one  mile  of  track,  but  so  far  very  few  had 
been  put  in.  They  were  steel  cross-ties,  of  the  type  adopted  for  the 
Indian  State  Railwaj'S,  9^  inches  wide  at  the  bottom,  and  having  an 
extra  thickness  of  metal  on  the  top.  They  were  for  a  gauge  of  5  feet  6 
inches,  and  weighed  120  pounds  each.  They  were  not  what  he  wanted, 
and  as  their  weight  made  them  very  expensive  he  decided  not  to  ask 
for  any  more.  They  cost  $8  each,  in  Chili  currency,  while  timber  ties, 
having  an  average  life  of  about  five  or  six  years,  could  then  be  bought 
for  $1.30.    Cypress  ties  are  used. 
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BRAZIL. 

General  Remarks. — In  this  country,  metal  ties  have  only  been 
tried  to  a  limited  extent.  Mr.  Jason  liigby,  chief  engineer  of  the  Great 
Western  of  Brazil  Railway,  in  a  letter  dated  May  17,  1889,  stated  that 
there  were  two  reasons  for  the  non-employment  of  metal  ties :  First, 
because  the  Government,  wishing  to  encourage  the  use  of  native  ma- 
terial, has  objected  to  their  use;  second,  because  the  native  hard  wood 
can  be  obtained  at  a  very  low  price.  Mr.  O'Meara,  of  the  Brazil  Great 
Southern  Railway,  stated  that  no  iron  or  steel  ties  are  in  use  on  that 
road,  as  native  timber  of  good  quality  is  obtainable  at  moderate  prices 
along  the  Uruguay  River.  The  following  table  of  the  mileage  of 
Brazilian  railways  is  from  the  official  returns  for  December  31,  1887 : 


Railways. 


Statu  lines 

General  (Toverninent,  guaranteed  lines. . . 

Proviucial  goverunjent  lines 

Provincial  government  guaranteed  lines 
Companies  without  guarantee 

Total 


In  opera- 
tion. 


Miles. 
1,  248.  06 
1,  602. 70 
.^8. 90 
962.24 
1, 337.  34 


5, 209. 24 


Und^r  con- 
struction. 


Miles. 
155.00 
118.42 


301.32 
28«.  44 


861. 18 


Surveyed. 


Miles. 

1,403.82 

13. 02 

93.00 

47.^.  54 

184. 76 


2, 230. 14 


Great  Western  of  Brazil  Railway. — Mr.  Rigby,  the  chief  en- 
gineer, stated  as  follows  in  a  letter  dated  May  17,  1880: 

A  short  time  since,  when  building  an  extension  of  this  line,  I  thought  of  introduc- 
ing steel  ties  as  even  the  best  native  hard  wood  only  lasts  in  this  climate  from  six  to 
seven  years.  I  got  some  samples  of  dlfForent  systems  sent  out,  but  all  were,  in  my 
opinion,  objectionable  either  from  complication  of  the  rail-fastenings  or  want  of 
sufficient  length  outside  the  rail  to  give  stability  in  the  very  soft  sand  ballast 
which  is  all  we  can  obtain  here ;  and  then  the  price,  with  freight  and  duties,  put 
their  use  quite  but  of  the  question.  I  pay  here  50  cents  for  a  squared  tie,  7  feet  by 
9  inches  by  5  inches,  all  hard  wood,  delivered  on  the  line. 

Southern  Brazilian  Rio  Grande  do  Sul  Railway.— The  fol- 
lowing particulars  are  from  a  statement  furnished  in  December,  1889, 
by  the  consulting  engineer,  Mr.  Charles  Neate,  of  London  : 

The  line  has  curves  of  328  feet  to  6,560  feet  radius,  and  grades  from  [I  per  cent,  to 
.025  per  cent.  About  .62  mile  of  metal  track  was  laid  between  1880  and  1884.  Mr. 
A.  Duprat  is  the  general  manager  and  Mr.  Baras  de  Holleben  is  resident  engineer. 
The  engines  are  of  two  classes:  (1)  ten-wheel  engines  with  tenders,  with  six  coupled 
wheels  and  a  four-wheel  leading  truck  ;  23  tons  total  weight  with  5,936  pouudson  each 
driving-wheel;  (2)  eight- wheel  engines,  with  tenders,  with  six  coupled  wheels  and  a 
two-wheel  leading  truck ;  23  tons  448  pounds  total  weight,  with  7,504  pounds  on  each 
driving-wheel.  The  ties  are  of  steel,  of  the  Indian  State  Railway  pattern,  for  1  meter 
gauge.  They  are  5  feet  6  inches  long,  8f  inches  wide,  with  closed  ends  4^  inches 
deep  ;  12  inches  wide,  1|  inches  thick  on  top  :  the  weight  is  70  pounds  per  tie.  The 
rails  are  secured  by  lugs  and  keys.  The  ties  are  spaced  24  inches  apart,  center  to 
center,  at  joints,  and  31^  inches  apart,  intermediate.  There  are  .5,000  ties  manufac- 
tured by  the  Darlington  Steel  Companj',  England;  they  are  given  si  coat  of  paint 
and  cost  about  $1  each.    The  rails  ire  of  flange  section,  weighing  40  pounds  per 
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yard ;  the  joints  are  suspended,  and  are  fastened  by  splice  bars  and  fonr  bolts.  The 
ballast  is  of  coarse  sand,  and  occasionally  small  stoue  ;  no  gravel  proper  is  to  be  had  ; 
it  is  about  13  inches  deep.  Wif.h  wooden  ties  it  is  very  liable  to  be  washed  away  by 
the  tropical  rains,  but  there  is  no  sufficient  experience  yet  with  tlie  hollow  metal 
ties.  The  steel  ties  were  tried  on  account  of  the  early  decay  of  native  hard-wood 
ties,  the  life  of  which  rarely  exceeds  five  years  in  the  northern  provinces,  and  eight  to 
ten  years  in  the  southern  proviuces.  The  general  results  are  satisfactory,  so  far  ae  is 
known,  especially  for  preserving  the  gauge  on  sharp  curves,  but  the  time  of  the  test 
has  not  been  long  enough  to  enable  any  definite  opinions  to  be  formed.  Careful 
maintenance  is  necessarj',  but  there  is  little  trouble  with  the  rail  fastenings.  Native 
hard-wood  ties  cost  GO  to  72  cents  each,  delivered. 

Although  the  forests  of  Brazil  nndoubtedly  furnish  hard  wood  of  the  finest  quality, 
ties  from  which  would  be  very  durable,  the  cost  of  obtaining  such  ties  for  t!ie  whole 
line  would  be  almost  prohibitory  ;  whereas  with  metal  ties  nniformity  of  quality  can 
be  obtained  at  a  moderate  cost,  and  it  is  expected  that  the  steel  ties  will  prove  dura- 
ble. Cast-iron  bowl-ties  will  undoubtedly  last  well,  but  on  railways  of  1  meter  gauge, 
where  the  rolling-stock  is  necessarily  wide  in  proportion  to  the  gauge,  cross-ties  are 
fonnd  to  give  more  lateral  stability  than  bowl-ties.  The  Indian  pattern  of  steel 
cross-ties  admits  of  a  certain  widening  of  gange  round  curves,  if  necessary,  by  shift- 
ing the  keys  to  the  outer  side  of  the  rails,  or  by  the  use  of  special  keys. 

CoNDE  d'Bu  Railway. — The  following  particulars  are  from  a  state- 
ment furnisbed  in  December,  1889,  by  the  consulting  engineer,  Mr. 
Charles  Neate,  of  Loudon.  (For  general  notes  see  the  preceding  para- 
graph on  the  Southern  Brazilian  Rio  Grande  do  Sul  Railway.) 

The  line  has  a  maximum  grade  of  2.22  per  cent.,  and  the  minimum  curves  of  328 
and  394  feet  radins.  There  are  about  20.46  miles  of  metal  track,  laid  between  1880 
and  1884,  under  the  supervision  of  Mr.  I.  H.  P.  Dunsmure,  general  manager  and 
resident  engineer.  There  are  three  classes  of  locomotives:  (1)  new  tank  engines, 
four  coupled  wheels  aud  a  four-wheel  truck,  26  tons  weight  in  working  order,  with  a 
maximum  weight  of  4^  tons  on  each  wheel;  (2)  tauk  engines,  with  four  coupled 
wheels  and  a  Bissel  or  pony  truck,  21  tons  in  workiug  order,  with  4  tons  on  each 
coupled  wheel;  (3)  eight-wheel  engines  with  tenders,  four  coupled  wheels  and  a  four- 
wheel  truck,  21  tons  in  working  order,  with  3J  tons  on  each  coupled  wheel.  The  ties 
consist  of  a  pair  of  cast-iron  bowls  weighing  65  pounds  each  ;  each  bowl  is  oval,  22^ 
inches  long,  18^  inches  wide,  4f  inches  deep,  with  a  metal  three-eighths  inch  and  one- 
half  inch  thick  on  the  sides  and  three-quarters  inch  on  top.  The  tie-bar  is  secured  by 
a  gib  on  the  inner  side  and  a  cotter  on  the  outer  side  of  each  bowl.  The  rails  are  of 
steel,  of  ilange  section,  weighing  50  pounds  per  yard,  they  rest  on  two  wooden 
cushions  on  each  bowl;  the  inner  side  of  the  flange  is  held  by  a  lug,  and  on  the  outer 
side  an  eln  key  is  driven  between  the  web  of  the  rail  and  a  high  lug  on  the  bowl. 
The  ties  are  spaced  3  feet  10  inches  apart.  The  bowls  are  manufactured  by  Head, 
Wrightson  &  Co.,  of  Stockton-on-Tees,  England,  and  cost  about  t)8  cents  each.  They 
were  used  by  the  contractors  owing  to  the  scarcity  of  native  timber. 

Donna  Thereza  Christina  Railway.— The  following  particulars 
are  from  a  statement  by  Mr.  Charles  Neate,  of  London,  the  consulting 
engineer,  furnished  in  December,  1889.  (See  also  the  two  preceding 
railways.) 

The  line  has  minimum  curves  of  328  feet  to  392  feet,  and  maximum  grades  of  2.22  to 
1.66  per  cent.  About  2.48  miles  were  laid  witli  metal  track  between  1880  and  1884,  nnder 
the  supervision  of  Mr.  E.  J.  Brown,  general  manager  and  resident  engineer.  The  en- 
gines are  eight-wheel  tank  engines,  with  six  coupled  A'heels  and  a  two-wheeled  lead- 
ing truck  with  radial  axle  boxes;  they  weigh  2i  tous  in  workiug  order,  with  2J  tons 
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on  each  coupled  wbenl.  Two  patterns  of  cross-ties  have  been  used  ;  in  the  first  in- 
stance, 1,0()0  steel  ties  ruannfactured  by  Howard  &  Company  (See  "  Eutjlaiid")  were 
sent  out,  and  subsequently  5,000  steel  ties  of  the  Indian  pattern,  as  already  described 
for  the  Sontheru  Brazilian  and  Rio  Grande  do  Sul  Railway.  The  "  Howard"  tics 
were  ft  feet  G  inches  long,  10  inches  wide  on  the  bottom,  and  3  inches  deep  with  metal 
three-sixteenths  of  an  inch  thick  ;  they  weighed  40  pounds  each  and  cost  $1.20  each. 
The  spacing  weight,  maker,  and  cost  of  the  Indian  pattern  ties  are  as  already  de- 
scribed. The  rails  are  of  flanged  section,  weighing  40  pounds  per  yard.  The  reasons 
for  trying  metal  ties  were  the  same  as  on  the  Southern  Brazilian  line. 

Tlie  Howard  tie  was  not  of  tlie  lieavy  type  for  main  lines;  a  corruga- 
tion or  rib  was  formed  along  the  top  of  the  tie,  and  pressed  down  at  the 
rail-seat  to  allow  the  flange  of  the  rail  to  rest  on  the  flat  portion  of  the 
top  of  the  tie ;  the  sides  of  the  rail-seat  formed  clips  for  the  rail  flanges, 
and  the  rails  were  secured  by  steel  keys  driven  between  one  clip  and 
the  rail  flange. 

Recife  and  Sao  Francisco  Pernambuco  Railway. — Ties  of  iron 
and  native  hard  wood  are  used  on  this  line. 

DoM  Pedro  Segitndo  Railway. — On  this  line  (now  known  as  the 
Central  Railway  of  Brazil,  since  the  change  of  government  from  an 
empire  to  a  republic)  some  wrought-iron  or  steel  cross-ties  of  inverted 
trough  section,  similar  to  those  of  the  original  Vautherin  section,  were 
in  use  as  an  experiment  near  Rio,  in  1888,  and  were  there  noticed  by 
Mr.  Uigby,  of  the  Great  Western  of  Brnzil  Railway. 

San  Paulo  Railway. — This  line  runs  from  Santos  to  Jundiahy, 
about  C2  miles,  and  has  two  grades  of  2^  per  cent.,  and  curv^es  of  984 
feet  radius.  The  trafl&c  is  chiefly  heavy  freight;  the  engines  weigh  44 
tons,  with  11  tons  per  axle.  Mr.  John  Barker  is  the  engineer.  The  ties 
used  are  of  the  old  form  of  Greaves's  cast-iron  bowls,  arranged  in  pairs 
and  connected  by  tie  bars.  The  bowls  are  22  inches  in  diameter,  with 
metal  one-half  inch  thick,  and  weigh  176  pounds  per  tie.  They  are 
coated  with  tar.  They  are  spaced  2  feet  9  inches  apart  and  are  con- 
nected  by  tie  bars  2  inches  deei^  by  three-eighths  inch  thick.  They  are 
manufactured  in  England  and  cost  $22.50  to  $24  per  ton.  Their  aver- 
age life  is  twenty-five  years,  and  the  expense  of  maintenance  is  small. 
There  is  no  trouble  with  the  rail  attachments,  nor  from  breakages,  and 
the  eflBciency  is  said  to  be  five  times  as  great  as  that  of  wooden  ties. 
The  rails  are  of  bull-headed  section  weighing  6G  pounds  per  yard  and 
have  suspended  joints.  Metal  ties  were  adopted  on  account  of  the 
economy  resulting  from  their  use,  and  the  general  results  have  been  sat- 
isfactory. They  make  a  rigid  but  very  economical  track,  although  the 
first  cost  is  double  that  of  wooden  ties. 

MiNAS  and  Rio  Railway.— In  a  letter  dated  May  27, 1889,  Mr.  F. 
E.  Fenn,  general  manager,  stated  that  there  were  no  metal  ties  then  in 
use,  but  that  an  experiment  was  about  to  be  made  with  steel  ties. 
Messrs.  Brunlees  &  McKerrow,  of  London,  the  consulting  engineers, 
report  that  these  ties  will  be  of  the  type  adopted  on  the  Indian  State 
railways,  and  will  be  laid  for  a  length  of  about  .62  mile. 
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SUMMARY  OF  METAL  TRACK  FOB  BRAZIL. 


Railways. 


Sonthcni  Brazilian  Rio  Grande  do  Sul  .. 

Coniln  d'Eti 

Donna  Thoruza  Christina  

San  I'iinlo 

Minas  and  Uio  

Great  Wi-sttrn  of  Brazil* 

Recite  and  Sao  Francisco  Pornambaco* 
Dom  Pedro  II* .., 


Total. 


Bowls. 


MiU». 


20.46 
62.00 


8-\  46 


Cross-tiea. 


MUeM. 


.62 


2.48 
.62 


3.72 


*£xperini>  ntal  trials. 


VENEZUEL.A. 

General  Remarks. — The  contractors  who  built  the  Puerto  Ca- 
bello  iviul  Valeiicia  Railway  aud  the  Bolivar  Railway  (Messrs.  Perry, 
Cutbill,  and  De  Luiigo,  of  London),  aud  who  have  had  large  experience 
in  railway  construction  in  South  America,  state  that  their  general  im- 
pression is  that  track  constructed  with  iron  ties  is  more  expensive  to 
keep  in  order,  but  at  the  same  time  is  certainly  more  durable  than  track 
with  wooden  ties.  The  engineer  of  this  firm  considers  that  for  sharp 
curves  heavy  wooden  ties  are  the  best,  if  of  hard  and  durable  timber. 
Steel  he  considers  better  than  creosoted  pine,  but  inferior  to  vera, 
jarrah,  and  similar  hard  woods.  His  opinions  as  to  the  comparative 
work  of  maintenance  with  track  on  metal  and  wooden  ties  diflFer  from 
those  usually  expressed.  Mr.  James  T.  McGawran,  resident  engineer 
for  railways  being  built  by  a  French  company,  stated  in  August,  1889, 
that  while  he  had  not  been  connected  with  any  railway  using  metal 
ties,  he  considered  that  they  would  prove  useful  where  timber  is 
scarce  (as  in  the  Argentine  Republic),  or  in  places  like  Veiuzuela,  pro- 
vided that  lignum-vita;  and  one  or  two  similar  timbers  can  not  be 
obtained,  where  the  white  ant  (comahen)  will  make  short  work  of  any 
ordinary  wooden  tie.  He  is  fortunate  in  being  able  to  get  a  wood  (cu- 
rarire)  which  lasts  from  twenty  to  thirty  years.  It  is  true  that  each  tie 
has  to  be  bored,  bnt  as  the  system  of  track-laying  is  that  adopted  ex- 
tensively in  Europe,  the  rails  being  secured  by  screw-spikes,  this  makes 
no  difference,  as  the  holes  would  have  to  be  bored  in  any  case. 

Puerto  Oabello  and  Valencia  Railway. — Un  this  road  (also 
known  as  the  Venezuela  Central  Railway),  which  is  34  miles  long,  steel 
cross  ties  are  used  on  an  incline  2\  miles  long,  with  a  grade  of  8  per 
cent,  and  curves  of  500  feet  radius.  This  inchne  is  operated  on  the 
Abt  rack-rail  system;  the  rack-rail  being  carried  in  chairs  fastened  to 
the  ties.  The  traflftc  consists  of  passengers  and  freight,  and  the  trains 
are  hauled  by  locomotives  weighing  40  tons,  with  a  load  of  13  tons  per 
axle.  The  ballast  is  of  broken  stone.  The  rails  weigh  56  pounds  per 
yard.    Metal  ties  are  used  to  avoid  renewals,  aud  the  general  results 
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have  been  satisfactory.  There  has  been  no  trouble  with  the  rail  attach 
ments,  nor  from  breakages,  but  there  has  been  trouble  with  the  main- 
tenance. It  is  reported  that  the  track  with  wooden  ties  is  more  easily 
kept  in  condition,  but  the  difference  is  not  very  great. 

Bolivar  Eailway. — This  line  (known  also  as  the  Quebrada  Rail- 
way) was  built  in  1875;  it  is  55  miles  along,  with  generally  very  easy 
grades  and  curves.  The  traffic  is  heavy,  principally  mineral ;  the  en- 
gines weigh  20  tons  and  have  a  load  of  7  tons  per  axle.  The  steel  cross- 
ties  originally  laid  are  reported  to  be  still  in  good  condition.  There  is 
no  proper  ballast.  The  rails  weigh  30  pounds  per  yard.  No  trouble 
has  been  experienced  from  breakages  or  with  the  rail  attachments. 
There  has,  however,  been  trouble  with  maintenance,  and  it  is  reported 
that  the  track  is  more  easily  kept  in  order  with  wooden  ties,  but  the 
difference  is  not  great.  The  line  is  of  24  inches  gauge.  The  ties  were 
made  by  Kerr  and  Stuart,  and  have  riveted  clips  which  support  the 
outer  side  of  the  rail  head  like  rail  braces.     (See  "  England.") 

La  Guayra  and  Caracas  Railway.— This  line  is  23  miles  long. 
It  has  been  stated  that  cast-iron  bowls  are  used  for  ties ;  but  no  returns 
have  been  received,  no  reply  has  been  made  to  requests  for  informa- 
tion, and  no  reliable  or  definite  information  on  this  point  has  been  ob- 
tained. As  Mr.  James  Livesey  is  the  consulting  engineer,  it  is  quite 
probable,  in  view  of  the  statement  above  referred  to,  that  the  Livesey 
system  of  track  with  cast-iron  bowls  is  employed.     (See  "  England.") 

Summary  for  Venezuela. 


Kaihvays. 


Bowls.      Cross-ties. 


Miles.    I      Miles. 

Pnerto  Cabello  and  Valencia i  2.25 

Bolivar  i 55.00 

La  Guayra  and  Caracas '<  23  | 


Total . 


23  i  57.25 


UNITED  STATES  OP  COIiOMBIA. 

General  Remarks. — Mr.  F.  J.  Oisueros,  an  engineer  who  is  con- 
nected with  the  Bolivar  Railway  of  Colombia  and  a  number  of  other 
railways,  stated  in  May,  1888,  that  he  was  an  advocate  of  metal  ties 
and  had  thought  of  employing  them,  but  so  far  he  had  no  experience 
with  them. 

Panama  Railway. — Metal  ties  have  not  been  used,  as  hard  and 
long-lived  wooden  ties  are  available.  An  engineer  who  has  been  over 
the  road  remarked  that  in  such  a  climate,  and  with  the  class  of  labor 
available,  there  would  probably  be  trouble  with  the  maintenance  and 
fastenings  of  metal  ties  for  the  first  few  years,  owing  to  the  indolent 
and  careless  nature  of  the  trackmen.  It  may  be  remarked,  however, 
that  after  the  first  few  years  the  maintenance  is  generally  found  to  be 


271 

considerably  less  with  metal  ties  than  with  wooden  ties.    Mr.  W.  P. 
Dennis,  acting  general  superintendent,  wrote  as  follows  in  June,  1889 

Oa  our  road,  47  miles,  wo  have  never  bad  either  steel  or  iron  ties  under  our  track 
Our  main  line  has  lignum-vitai  ties  about  6  by  8  inches  in  sections,  which  are  sup 
plied  from  the  siuroTinding  ooimtries  at  a  cost  to  us  of  from  $1.50  to  $1.80  gold  each 
These  ties  are  so  hard  as  to  necessitate  boring  holes  for  s[)ikes,  but  after  the  prelim 
inary  difliculty  is  overcome  they  make  an  extremely  solid  and  durable  track.     It  is 
ditBcult  to  got  exact  information  as  to  the  life  of  these  ties,  but  it  is  a  common  say- 
ing among  trackmen  that  these  ties  are  good  for  twenty-five  years,  and  there  are  in- 
stances where  ties  have  been  recently  taken   up  which  have  been  in  track  a  long 
time;  it  is  even  claimed  that  they  have  been  in  use  since  the  opening  of  the  road, 
nearly  thirty-five  years  ago.     Ordinary  timber,  such  as  pine  and  oak,  when  subjected 
to  exposure,  is  not  good  for  more  than  three  years  at  the  utmost. 

GUATEMAIiA. 

Guatemala  Central  Railway. — Under  the  ownership  of  Mr.  C.  P. 
Huntington  it  had  been  proposed  to  try  metal  ties,  but  no  definite  steps 
were  taken,  and  the  road  having  now  passed  into  other  hands  it  is  not 
probable  that  any  such  steps  will  be  taken  in  the  near  future.  The  fol- 
lowing are  extracts  from  a  detailed  oommunication  from  Mr.  William 
Nanne,  general  manager,  dated  in  May,  1889  : 

The  subject  to  which  you  are  applying  your  energies  certainly  deserves  the  atten- 
tion of  all  true  railroad  men,  not  only  on  the  continent  but  all  over  the  world,  bo- 
cause  it  is  only  a  question  of  time  everywhere  when  the  time-honored  wooden  sub- 
structure will  have  to  give  place  to  the  iron  age.  We  Central  American  railway  con- 
structors, in  tropical  jungles,  with  any  amount  of  hard  or  soft  wood  ties  presumably  at 
our  disposal,  make  a  poor  show  in  this  important  question  of  economical  construction 
and  operation,  and  nowhere,  perhaps,  has  the  adoption  of  metal  cross-ties  been  more 
seriously  considered  than  on  our  linos,  but  we  have  not  as  yet  arrived  at  the  practical 
application,  for  reasons  given  later.  For  these  reasons  I  have  held  back  from  the 
experiments  suggested  by  Mr.  Huntington  and  Mr.  Mahl.  We  are  using  about  half 
California  redwood  ties,  8  feet  by  8  inches  by  7  inches  and  7  feet  by  7  inches  by  6 
inches ;  and  the  balance  native  hardwood  ties  6  feet  by  7  inches  by  6  inches,  and  6 
feet  by  8  inches  by  6  inches.  All  of  these  have  an  average  life  of  six  years  under  new 
track.  On  the  mountain  division  we  are  rising  on  our  present  location  2,600  feet  in 
12  miles,  with  curves  of  15  degrees  and  on  several  trestles  150  feet  high.  By  great 
care  we  have  operated  this  without  the  slightest  accident,  but  it  is  such  costly  oper- 
ation that  we  are  now  lengthening  the  division  to  16  miles,  with  a  maximum  grade 
of3  per  cent.;  we  are  about  two-thirds  through  with  the  work.  In  preparing  for 
this  work  the  question  of  the  use  of  metal  track  was  seriously  considered,  and  Mr. 
Huntington  seemed  to  favor  the  use  of  steel  cross-ties.  But  much  as  I  appreciate 
the  "Post"  system  (See  "  Holland")  as  the  best  so  far  brought  out,  I  have  objected 
to  even  an  experiment  on  our  crooked  line  and  heavy  grades,  which  in  many  places 
are  on  the  borders  of  tremendous  precipices.  In  none  of  the  metal  ties  do  I  see  how 
the  proper  widening  of  the  gauge  or  curves  is  to  be  carried  out,  and  this  is  the  main 
obstacle  I  see  to  our  adopting  metal  ties.  Another  consideration  is  that  the  cost  of 
transportation  of  material  to  our  Central  American  lines,  via  Cape  Horn,  comes  to 
about  200  per  cent,  on  the  original  invoice,  with  heavy  landing  expenses  of  $10  to 
$20  per  ton  at  our  Pacific  terminal  station ;  bringing  the  cost  of  a  Post  steel  tie, 
placed  on  our  line,  to  about  $3  to  $4  silver  (35  per  cent,  discount  on  United  States 
gold).  You  will  agree  with  me,  as  our  board  has  agreed  already,  that  under  these 
circnmstaDces,  when  we  can  get  good  wooden  ties  for  about  $1  silver  per  tie  (or  say 
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75  cents  United  States  gold),  lasting  six  years  on  an  average,  we  are  not  yet  up  to  the 
metal  track  question.  Nevertheless  the  question  is  watched  very  closely  by  me  and 
I  am  always  open  to  conviction  if  I  ciiu  see  my  way  clear.  So  far  I  shall  stick  to  the 
time-houored  wooden  ties  for  elasticity  and  safety  generally. 

The  road  is  75  miles  long,  with  inaximutu  grades  of  3  per  cent,  and 
minimum  curves  of  15  degrees.  The  ties  are  spaced  24  inches  a])art, 
center  to  center,  and  are  laid  in  broken  stone  and  blue  gravel  ballast. 
The  rails  are  of  steel,  weighing  54  pounds  per  yard  ;  the  joints  are  even 
and  suspended,  spliced  by  angle  bars  20  inches  long.  Ajax  steel  braces 
are  used  on  curves.  The  engines  weigh  45  tons.  Mr.  Albert  J.  Scher- 
zer  is  the  engineer  in  charge.  In  regard  to  the  question  of  adjustment 
of  gauge  I  have  already  referred  to  the  importance  of  this  matter,  and 
it  will  be  seen  that  a  wide  range  of  adjustment  combined  with  very 
secure  fastenings  is  required  on  such  a  crooked  road.  Probably  the 
Euppel  system  of  fastening,  as  used  in  the  Prussian  state  railways  (See 
''  Germany")  would  meet  the  requirements. 


COSTA  RICA. 

GENERiiL  Remarks. — Mr.  Manne,  of  the  Guatemala  Central  Rail- 
way, states  that  he  believes  that  steel  ties  are  being  used  on  these  lines. 
Over  100  miles  of  railway  are  in  operation,  and  several  lines  are  under 
construction. 

SAN  SAL.VADOR. 

General  Remarks. — It  has  been  reported  that  it  is  proposed  to  use 
steel  ties  of  American  design  and  manufacture  on  a  new  railway  to  be 
built. 

MEXICO. 

Genkral  Remarks. — Metal  ties  have  been  tried  and  have  given 
such  good  results  that  their  use  is  being  extended. 

Mexican  Railway. — The  Mexican  Railway  (Vera  Cruz  line)  has  now 
in  service  several  miles  of  track  laid  with  steel  ties  ofthe  type  designed 
by  Sir  A.  M.  Rendel,  and  adopted  for  the  Indian  state  railways.  The 
length  of  the  main  line  is  205  miles.  At  the  end  of  June,  1888,  there 
were  4:G^  miles  laid  with  steel-ties,  and  at  the  end  of  June,  1889,  there 
were  77  miles  laid  with  tin  m.  While  they  have  not  been  in  service  long 
enough  to  test  their  durability  they  have  given  great  satisfaction,  par- 
ticularly by  their  behavior  in  times  of  flood.  In  regard  to  breakages, 
I  am  credibly  informed  that  in  one  case  a  Baldwin  consolidation  engine 
left  the  rails  and  traveled  about  100  yards  over  the  ties  without  break- 
ing a  single  one ;  some  were  bent,  but  were  easily  put  into  shape  at  the 
shops.  The  line  has  grades  of  2  per  c**,nt.  The  locomotives  are  Fairlie 
(double-boiler,  double  steam-truck)  engines,  weighing  80  tons,  and  Bald- 
win consolidation  engines.    The  ties  are  made  in  Wales,  weigh  113 
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pounds  each,  are  treated  with  a  coal-tar  preservative  composition,  and 
are  spaced  in  the  track  2,000  to  the  mile.  The  rails  are  of  tlango  sec- 
tion, weigh  G2  and  82  pounds  per  yard,  and  are  secured  by  steel  keys, 
as  on  the  Indian  state  railways.  The  joints  are  supported  on  the  ties, 
and  are  spliced  by  ordinary  fish-plates.  The  general  results  have  been 
satisfactory,  the  efficiency  being  much  higher  than  with  wooden  ties; 
there  has  been  no  trouble  with  maintenance  of  rail  attachments  nor 
from  breakages.  In  August,  1889,  proposals  were  opened  at  the  Lou- 
doji  office  of  the  company  for  10,000  of  these  ties,  to  be  used  with  62- 
pound  rails.  Mr.  J.  F.  O'Brien,  general  manager  of  theMexican  National 
Kail  way  (since  resigned),  stated  in  August,  1889,  that  no  experiments 
had  been  made  ou  his  road,  but  that  on  the  Mexican  Railway  the  results 
of  the  steel-ties  seem  so  very  satisfactory  that  it  has  been  decided  to 
substitute  them  for  wood  entirely.  He  has  been  over  the  line  several 
times,  and  states  that  the  track  on  metal  ties  seems  to  be  very  smooth 
and  perfect,  even  in  the  lainy  season,  and  he  sees  no  reason  why  they 
should  not  be  a  success  after  the  exi)erieuce  of  this  railway.  There  is 
said  to  be  even  less  noise  and  greater  smoothness  in  riding  over  the 
track  with  steel  ties  than  the  track  with  wooden  ties. 

The  following  is  taken  from  a  paper  on  ''The  Railways  of  Mexico," 
by  Mr.  W.  B.  Parsons,  read  at  the  annual  convention  of  the  American 
Society  of  Civil  Engineers  in  June,  1889 : 

Tho  most  interesting  thing  in  connection  with  the  track  is  the  use  of  metal  cross- 
ties.  Wooden  ties,  expensive  in  first  cost,  -were  found  to  last  only  four  or  five  years, 
so  tbat  metal  was  adopted  for  economy.  The  ties  are  of  mild  steel,  and  weigh  110 
pounds  each.  The  rail  is  held  hy  clamps  punched  up  from  the  tie,  and  is  secured  by 
a  key  weighing  1  pound;  so  that  a  tie  and  two  keys  weigh  about  112  pounds.  In 
section  they  are  channel-shaped,  with  an  extra  thickness  of  metal  on  the  top.  The 
«nds  are  splayed  and  turned  down  so  as  to  retain  the  ballast,  while  the  tie  is  bent  up- 
wards toward  the  ends  so  as  to  give  therailsan  inward  cant.  Theirprice  varies  with 
the  price  of  sreel,  bnt  is  now  about  5  shillings  (English),  or  say  $1.25  per  tie,  free 
on  board,  at  English  ports.  The  ballast  is  of  sand  and  gravel,  and  in  places  on 
the  heavy  grade  an  attempt  at  broken  stone  is  found.  The  ballast  is  laid  flush  with 
the  top  of  the  tie.  The  results  of  experience  have  been  most  gratifying.  The  track 
is  found  to  remain  in  better  surface  and  line  than  when  wooden  ties  are  used,  and 
certainly  the  track  in  best  condition  to-day  is  that  portion  where  metal  ties  are  laid. 
Practically  it  has  been  found  that  the  track  thus  laid  requires  so  much  less  work  that 
section  gangs  ou  metal  tie  sections  have  been  reduced  about  one-half.  The  Mexican 
Railway  is  therefore  laying  the  steel  ties  as  fast  as  jiossible,  there  being  enough  on 
hand  to  finish  about  150  miles  of  road. 

The  following  is  the  statement  of  Mr.  George  Foot,  the  general  man- 
ager, furnished  in  1887  : 

Our  experience  with  these  ties,  of  which  some  30,000  have  been  in  the  line  since 
September,  1884,  is  so  .satisfactory  in  every  respect,  that  we  are  now  about  to  lay  down 
40,000  more,  and  our  intention  is  to  gradually  relay  the  entire  line  with  metallic 
sleepers.  The  type  of  tie  we  are  about  to  lay  down  is  about  the  same  as  that  employed 
on  the  State  Railways  of  India  for  both  the  5  feet  6  inches  and  L  meter  gauges, 
but  arranged  for  our  gauge,  which  is  4  feet  8§  inches.  The  price  of  the  new  ties  under 
contract  in  England  is  48.  4(1.  ($1.05)  each,  including  steel  keys,  free  on  board  in 
Cardiff,  and  their  weight  with  keys  112  pounds  each.  The  metallic  ties  in  use  herQ 
22893— Bull.  4 18 
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for  the  last  two  years  are  almost  of  the  same  pattern,  excepting  the  fastenings,  which 
are  much  more  complicated  and  expensive.  The  tie  represents  the  latest  improve- 
ments in  steel  sleepers  suggested  by  experience  ou  railways  in  India,  where  millions 
of  them  are  employed,  and  I  think  that  the  tie  iu  question  leaves  little  to  be  desired 
either  in  general  form,  simplicity  of  fastenings,  weights,  or  price.  The  metal  is 
thickened  where  strength  is  most  required,  and  the  rail  clips  are  formed  from  the 
solid  plate,  the  rail  being  kept  in  place  by  a  simple  steel  key  which  can  be  driven 
either  on  the  inside  or  outside  of  the  rail  when  increased  width  of  gauge  is  required 
ou  sharp  curves.  So  far  we  have  uo  disadvantage  to  record,  but  many  and  very  im- 
portant advantages,  which  are  as  follows : 

(1)  No  spikes  are  required. 

(2)  The  rails  are  kept  to  gauge  with  almost  mathematical  accuracy  and  the  result 
is  that  the  oscillation  of  a  train  running  at  high  speed  over  this  track  is  reduced  to  a 
minimnm,  and  is  very  marked  when  it  runs  on  to  a  length  laid  with  ordinary  timber 
sleepers. 

(3)  The  difference  in  the  cost  of  maintenance  is  enormous,  because  a  track  once 
properly  laid  with  these  steel  ties  and  well  ballasted  requires  uo  jterraanent  road 
gangs  and  can  bo  maintained  in  good  order  by  a  traveling  gang  going  over  it  onco 
or  twice  a  year. 

This  is  our  experience  here,  but  it  must  be  remembered  that  on  this  railway  we 
have  no  frost  or  snow  to  contend  with  and  very  light  traffic.  In  the  United  States 
these  conditions  would  of  course  be  altered,  but  I  see  no  good  reason  why  these  ties 
should  not  bear  frost  well;  they  are  extensivefy  used  in  Germany,  and  I  am  not 
aware  that  frost  has  proved  an  objection  to  their  use.  From  personal  experience  I  can 
not  say  how  metallic  ties  behave  in  cases  where  trains  run  off  the  line,  as  we  very 
seldom  on  this  line  have  such  accidents,  and  have  had  none  on  the  portions  of  track 
laid  with  them.  In  India  the  experience  is  that  in  a  bad  run-off  a  great  number  of 
ties  are  bent  and  injured,  but  that  very  few  are  so  badly  damaged  as  to  be  past  re- 
pairs, and  that,  as  a  general  rule,  they  are  repaired  in  the  shops  and  replaced  in  the 
line.  I  must  add,  however,  that  metal  sleepers  require  a  very  solid  and  perfect  road- 
bed, and  a  much  larger  quantity  of  ballast  than  timber  ties.  The  Mexican  Railway  is 
laid  throughout  with  62-pound  steel  rails,  except  on  the  Cumber  4  per  cent,  incline, 
■where  we  are  now  laying  down  82-pi)und  rails.  Our  metal  ties  are  laid  under  the  62- 
pound  rails,  the  number  being  2,000  per  mile,  but  we  find  that  this  number  is  not 
necessary,  and  in  future  we  propose  to  lay  only  1,850  per  mile.  I  may  say  iu  con- 
clusion, that  in  my  opinion  the  steel  tie  is  the  tie  of  the  future,  and  that  our  experi- 
ence here  points  with  their  use  to  substantial  economies  in  repairs  and  maintenance 
and  at  the  same  time  to  a  very  perfect  track. 

The  following  notes  are  from  The  Mexican  Financier.  The  first  one 
refers  to  the  serious  and  disastrous  floods  of  1887  : 

The  management  of  the  Mexican  Railway  has  reason  to  congratulate  itself  on  tlie 
success  which  has  attended  the  introduction  of  steel  ties  on  its  line.  The  recent 
washout,  caused  by  the  bursting  of  a  water-spout  on  the  track,  afi'orded  a  test  of  the 
utility  of  metal  ties  than  which  nothing  could  have  been  more  satisfactory,  Ou  the 
section  where  the  spout  burst  there  were  both  wooden  and  metal  ties.  The  wooden 
ties  were  completely  washed  away  and  the  track  badly  torn  up,  but  ou  that  portion 
having  the  steel  tics  the  bursting  spout  was  unable  to  do  any  harm  to  the  track,  the 
ties  retaining  their  place  and  the  line  of  rails  remaining  at  their  original  level.  Gen 
eral  Manager  Foot,  who  made  a  personal  inspection  of  the  washed  track,  could  not 
find  that  the  section  having  the  metal  ties  had  been  sensibly  damaged ;  only  the 
gravel  between  the  ties  had  been  carried  away,  leaving  them  in  their  original  place 
and  preserving  as  has  been  said,  the  level  of  the  track  just  as  it  was  before  tons  of 
water  had  swept  down  upon  it.  The  bursting  spout  carried  much  debris  on  the  track 
and  loaded  an  iron  bridge  with  bowlders,  some  weighing  fully  6  tons,  in  fact  so 
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heavy  that  they  had  to  be  blasted  to  accomplish  their  removal,  and  this  fact  will  in- 
dicate the  tremendous  force  of  the  waters  and  demonstrate  convincingly  the  merits  of 
the  Reudel  steel  ties  which  kept  the  submerged  track  in  such  gQod  order. 

The  road  began  using  steel  ties  in  1684,  and  has  now  some 20,000  of  them  on  its  bed. 
So  satisfactory  has  the  experiment  been  that  40,000  more  have  been  ordered  from 
England  for  use  this  year,  and  it  is  proposed  to  put  in  from  40,000  to  50,000  per  year 
hereafter.  The  "  life  "  of  a  steel  tie  is  considered  as  indefinite,  but  it  may  safely  be 
set  at  from  thirty  to  fifty  years,  the  former  being  an  American  estimate  by  a  compe- 
tent raetallr.rgist.  The  steel  tie  is  now  produced  in  England  where  the  nianufuct- 
nrehas  beeu  so  extended  as  to  make  the  product  for  5«.  apiece,  or  $1.25  gold,  or  very 
much  cheaper  than  formerly.  By  chartering  its  own  vessels  the  company  can  laud 
its  steel  ties  at  a  cost  which  permits  their  extensive  use.  It  may  be  set  down  that 
the  outside  cost  will  not  exceed  $2  each,  Mexican  silver.  The  wooden  ties  which  the 
steel  ties  are  replacing  on  the  Vera  Cruz  line  range  in  price,  according  to  the  quality 
of  wood,  from  90  cents  to  $1.62,  silver.  The  latter  price  is  paid  for  the  zapote  tie,  a 
very  hard  and  durable  wood.  The  best  white-oak  ties  last  from  five  to  six  years,  the 
red  oak  about  three  years.— (1889). 

The  policy  of  the  management  has,  for  a  long  time  past,  been  directed  toward 
making  the  road-bed  exceptionally  solid,  and  a  large  amount  of  money  has  been  in- 
vested in  steel  ties  which  have  proven  well  suited  to  the  requirements  of  the  line, 
known  to  be  one  of  the  most  difiBcult  of  maintenance  iu  the  world,  on  account  of  its 
tremendous  gradients.  The  good  results  of  this  wise  building  up  of  the  line  will  be 
seen  when  the  competition  of  the  Interoceanic  Railway  begins,  for  then  it  will  be 
made  evident  that,  by  having  got  its  road-bed  into  a  condition  where  it  can  be  kept 
in  repair  at  a  comparatively  small  expense,  the  line  can  sustain  a  sharp  rivalry. — 
(1889). 

Mexican  Central  Railway.— Iu  February,  1888,  Mr.  Max  E. 
Schmidt,  theu  chief  engineer  of  tlie  Tampico  division,  wrote  me  as 
follows: 

We  have  not  yet  used  metal  cross- ties  on  this  line,  but  are  considering  the  advisa- 
bility of  introducing  them  on  our  mountain  division.  In  that  case  we  will  probably 
adopt  the  steel  tie  of  the  Indian  State  Railways  lately  introduced  on  the  Vera  Cruz 
Railway.  This  tie  has  the  advantage  of  a  most  simple  mode  of  fastening  the  rail  to 
the  tie,  the  rail  being  placed  between  two  clips  turned  up  from  the  bearing  surface 
of  the  tie  itself,  only  one  wedge  being  required  to  hold  each  rail  in  place.  Steel  ties 
have  two  main  advantages:  (I)  They  last  much  longer  than  wooden  ties;  (2)  they 
keep  the  track  in  perfect  gauge.  The  question  not  yet  settled  is  the  kind  of  ballast 
which  will  keep  the  tie  immovable  in  place.  ^ 
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Section  6.— .NORTH  AMERICA. 

UNITED  STATES. 

General  Remarks. — In  this  country  very  little  practical  attention 
has  been  paid  by  railway  men  to  the  use  of  metal  track  until  within 
the  last  few  years.  The  indifference  displayed  has  been  largely  due  to 
the  increased  first  cost  for  metal  and  the  apparently  inexhaustible  sup- 
ply of  timber.  But  with  the  steady  improvement  in  the  tracks  of  tbe 
principal  lines  and  with  the  knowledge,  as  disseminated  by  the  For- 
estry Division,  of  the  actual  condition  of  the  timber  resources  there  is 
a  noticeable  increase  in  the  attention  paid  to  this  matter,  and  this  will 
probably  continue  to  increase.  The  metal  track  question,  however,  has 
been  extensively  considered  by  inventors,  and  much  time,  energy,  and 
money  have  been  spent  in  demonstrating,  on  paper,  the  positive  effi- 
ciency of  numerous  new  designs  of  track.  The  list  of  patents  given 
with  my  preliminary  report,  in  Bulletin  No.  3,  was  surprisingly  large, 
showing  a  total  number  of  about  two  hundred  and  sixty  patents  from 
1839  to  1889.*  Very  few  of  these  patented  tracks  have  been  designed 
by  railway  men  or  men  experienced  in  railway  work,  and  the  number 
of  those  which  have  practical  merit  is  very  small.  Many  of  them  are 
utterly  impracticable,  complicated,  and  costly,  while  others  are  carried 
to  the  opposite  extreme  of  simplicity,  with  the  result  of  sacrificing 
such  efficiency  as  they  might  otherwise  possess.  The  natural  result  of 
all  this,  combined  with  the  large  claims  made  from  time  to  time  in  be- 
half of  some  of  these  impracticable  systems,  has  been  to  render  engi- 
neers, managers,  and  railway  men  generally  somewhat  doubtful  as  to 
the  final  solution  of  the  metal  track  question.  While  some  of  the  sys- 
tems tried  in  actual  service  have  not  yet  proved  entirely  satisfactory, 
it  should  be  thoroughly  understsood  that  no  such  system  can  be  ex- 
pected to  give  satisfactory  results  until  it  has  been  tested  by  trial  and 
modified  in  accordance  with  experience  obtained.  Practical  trial  alone 
'can  show  the  actual  results  of  any  system  of  metal  track. 

The  following  remarks  are  taken  from  the  report  for  1888  of  the  rail- 
way commissioners  of  Connecticut: 

Wc  have  iu  former  reports  mentioned  the  exijerimeuts  made  in  tlie  use  of  metal  ties, 
and  we  refer  to  the  subject  now  not  as  one  requiring  legislative  action,  but  simply  as 
a  matter  of  practical  and  scientific  interest.  The  supply  of  wood  has  so  far  continued 
80  abundant  in  this  country  that  the  first  cost  of  ties  has  not  \ery  materially  in- 
creased, but  the  average  life  of  a  tie  has  considerably  decreased,  both  because  of  in- 
ferior quality  and  gi-eater  wear  upon  them.     We  are  not  aware  that  experiments  with 


*  The  list  of  patents  appended  to  this  report  contains  491  numbers. 
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metal  ties  of  any  account  have  been  made  in  this  country,  Imt  on  the  continent  of 
Europe,  where  experiments  began  nearly  twenty-live  years  ago,  their  use  may  be  said 
to  have  passed  the  experimental  stage,  some  companies  having  practically  adopted  this 
kind  of  tie  and  using  them  in  all  renewals.  The  most  thorough  experiments  were  made 
on  the  Netherlands  State  Railway,  and  the  adoption  there  has  been  the  most  complete. 
In  Euirland,  though  used  to  some  extent,  they  have  not  been  at  all  generally  adopted, 
as  they  do  not  seem  to  be  well  adapted  to  the  double-headed  rail  so  much  used  in 
in  that  country.  The  material  found  to  be  best  adapted  for  this  use  is  steel  of  a  mild 
tyi»e,  and  the  advantages  clainuul,  apparently  with  reason,  are  snch  as  to  make  it 
worth  while  for  the  managers  of  ojir  principal  roads  to  consider  whether  the  adop- 
tion of  this  kind  of  tie  would  not  be  advantageous,  even  at  the  present  price  of  wooden 
ties.  The  crowding  outward  of  the  spikes  in  wooden  ties  and  the  cutting  of  the 
spikes  by  the  rail  flanges  on  sharp  curves  constantly  affects  the  gauge,  and  the  cut- 
ting of  the  outtT  flange  into  the  tie  often  seriously  changes  the  position  of  the  rail  on 
wooden  ties  and  requires  constant  watchfulness  and  respiking  and  readzing  of  old 
ties  and  the  substitution  of  new  ones.  As  traffic  increases  the  loss  of  time  thus  oc- 
casioned in  itself  becomes  a  very  serious  item  of  expense.  This  is  avoided  by  the 
use  of  metal  ties,  as  the  bolts  do  not  cut  like  the  spikes  and  the  bolt-holes  do  not  en- 
large, neither  do  the  ties  wear  or  cut  under  the  rail  flange ;  so  that  the  expense  of 
maintenance  is  very  much  lessened,  and  instead  of  increasing  as  the  road-bed  gets  set- 
tled it  is  said  to  decrease.  The  most  approved  form  for  the  tie  is  like  an  inverted 
trongli,  and  when  the  ends  are  closed  there  is  very  little  lateral  displacement  of  track, 
even  on  the  sharpest  curves.  The  first  cost  of  metal  ties  and  their  fastenings  is,  of 
course,  very  much  more  than  that  of  wooden  ties  and  spikes,  but  their  durability  in 
itself,  it  is  believed,  far  more  than  compensates  for  the  additional  cost. 

New  York  Central  and  Hudson  Eiver  Railway  (See  plate 
No.  27). — The  chief  engineer  of  this  road,  Mr.  Walter  Katt6,  having 
recognized  the  importance  of  the  metal  track  question  to  the  great 
trunk  lines  of  railway,  became  desirous  of  obtaining  some  reliable  data 
based  upon  experiments  made  under  his  own  supervision.  The  company 
authorized  an  expenditure  of  $2,500  for  the  purpose  of  procuring  such 
ties  and  testing  them  upon  its  own  track.  Various  forms  of  ties  used 
in  foreign  countries  were  examined,  none  of  which,  however,  were  con- 
sidered to  meet  entirely  and  satisfactorily  the  conditions  of  American 
railway  practice.  The  "Hartford"  tie,  with  certain  modifications  to  be 
made  at  his  suggestion,  seemed  to  Mr.  Katt6  the  best  suited  of  any  he 
had  examined,  and  as  it  could  be  made  in  this  country  under  his  own 
observation  as  to  manufacture,  test  of  material,  etc.,  he  concluded  it 
was  the  best  one  he  could  get,  at  least  to  start  with,  in  investigating 
practically  the  question  of  metal  ties.  It  is  intended  to  conduct  a  close 
investigation  of  the  comparative  cost  of  maintenance,  expenditures,  re- 
newals, etc.,  as  compared  with  ordinary  wooden  ties.  About  eight  hun- 
dred of  the  steel  ties  were  purchased  and  were  laid  in  double  track  on 
the  main  line.  The  company's  standard  system  of  track  is  used,  con- 
sisting of  good  broken-stone  ballast,  with  80-pound  flange  rails,  three- 
tie  supported  joints,  and  six- bolt  angle-bar  splices  40  inches  long.  The 
rails  are  laid  to  break  joint.  As  stated  in  my  preliminary  report  (Bul- 
letin No.  3),  it  was  expected  to  have  these  ties  laid  in  April,  1889 ;  owing 
to  delays  in  manufacture,  etc.,  they  were  not  put  in  the  track  until 
November,  1889.     They  are  laid  for  about  a  quarter  of  a  mile  on  the 
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main  line,  jnst  south  of  Garrison's  Station,  Hudson  River  division. 
They  are  of  two  lengths,  8  feet  and  8  feet  6  inches.  They  were  at  first 
laid  in  gravel  ballast  of  mediocre  quality,  but  this  has  been  replaced 
with  broken  stone,  in  accordance  with  the  company's  approved  form  of 
track.  The  flanges  of  the  angle-bars  are  notched  to  allow  the  clamps 
to  bear  on  the  rail  flanges. 

The  following  particulars  are  from  a  statement  and  drawings  fur- 
nished in  January,  1890,  by  Mr.  Katt6 : 

« 

The  ties  were  laid  in  November,  1889,  on  an  experimental  section  of  double  track 

about  a  quarter  of  a  mile  long.  The  Section  is  level  and  straight.  The  line  has  the 
heaviest  kind  of  freight  and  passenger  traffic.  Passenger  engines,  with  a  weight  of 
36  tons,  on  four  driving-wheels  and  a  driving-wheel  base  of  6  feet,  pass  over  these  ties 
at  speeds  of  40  to  55  miles  per  hour.  The  ties  have  not  been  in  use  long  enough  for 
the  expense  of  maintenance  to  be  determined.  Apparently,  however,  it  is  thus  far 
no  greater  than  with  wooden  ties.  The  arrangement  for  curves  is  the  same  as  for 
tangents,  any  adjustment  of  gauge  being  effected  by  the  fastenings.  The  rails 
weigh  80  pounds  per  yard  and  have  supported  joints.  The  reason  for  using  these 
ties  was  the  desire  to  secure  economy  over  wooden  ties  and  to  obtain  a  superior  at- 
tachment of  the  rails  to  the  ties.  The  results  have  so  far  been  quite  satisfactory. 
There  has  been  no  trouble  with  maintenance  nor  with  the  rail-fastenings.  No  break- 
ages have  occurred.  The  attachment  of  the  rails  to  the  ties  is  much  superior  to  the 
ordinary  system  of  spiking.  The  wooden  ties  are  of  Southern  yellow  pine.  They 
cost  55  cents  each,  delivered  in  New  York,  and  have  a  life  of  from  seven  to  ten  years. 
The  climate  is  variable,  humid,  with  extremes  of  temperature.  There  is  no  record 
of  the  effects  of  the  same  on  metal  or  wood. 

I  am  of  opinion  that  the  rolled  metal  tie  is  essentially  a  requisite  for  first-class  per- 
manent way  in  this  country.  Having  investigated  the  relative  economy  of  metal 
and  wooden  tie  systems  for  a  term  of  fifty  years,  I  am  led  to  believe  as  the  result 
thereof  that  upon  the  basis  of  55  cents  for  a  wooden  tie  and  $3  for  a  steel  tie,  and 
under  the  conditions  of  trafiic  and  maintenance  expense  existing  on  this  line  the 
relative  economy  is  from  8  to  12  per  cent,  in  favor  of  the  metal  system.  The  general 
advantages  which  I  recognize  in  the  metal  system  are:  (1)  Superior  and  more  ef- 
fective fastening  of  rail  to  tie.  (2)  Better  hold  of  metal  cross-tie  with  curved  ends 
in  the  road-bed  ballast,  thereby  preserving  alignment  both  in  straight  line  and  curves 
much  more  effectively  than  with  wooden  ties.  (3)  Increased  and  efl'ective  resist- 
ance to  tangential  pressure  on  curves,  with  overturning  tendency,  and  resistance  to 
creeping  of  rails,  especially  on  steep  grades.  (4)  The  clip  and  bolt  fastening  to 
the  tic  avoids  the  necessity  of  double-spiking  the  rail  braces  on  curves.  (5)  Immu- 
nity from  destruction  of  wooden  ties  by  fire  from  coals  dropped  from  locomotives 
and  other  causes.  (6)  The  greater  commercial  value  of  the  scrap  material  when 
worn  out. 

The  ballast  is  about  24  inches  deep ;  it  consists  of  a  6-inch  bottom 
course  of  rough  quarry  spawls,  4  to  6  inches  diameter,  and  an  18-inch 
upper  course  of  crushed  rock  2  inches  diameter.  The  ballast  is  brought  u  p 
level  with  the  tops  of  the  ties.  From  the  center  of  the  rail  to  the  outer 
edge  of  the  ballast  is  about  6  feet  6  inches.  The  drawings  show  the 
rail  joints  spliced  with  plain  splice-bars  22  inches  long,  with  four  bolts. 
Angle- bars  are  actually  used,  as  al really  stated.  Four  arrangements  of 
spacing  of  the  ties  are  being  tried  ;  the  rails  are  laid  to  break  joint  in 
all  cases,  with  supported  joints:  (1)  Thirteen  lengths  of  30  feet  rails, 
with  twelve  ties  to  a  rail  length  j  the  three-joint  ties  are  spaced  18  inches, 
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center  to  center,  and  the  intermediate  ties  3  feet.  (2)  Fourteen  lengths 
of  30-feet  rails,  with  twelve  ties  to  a  rail  leujfth  ;  unifomi  spacing  of  30 
inches  center  to  center.  (3)  Fourteen  lengths  of  30  feet  rails  with 
fourteen  ties  to  a  rail  length ;  the  three  joint  ties  are  spaced  18  inches, 
center  to  center,  and  the  intermediate  ties  2  feet  4|f  inches.  (4)  Four- 
teen lengths  of  30feet  rails,  with  fourteen  ties  to  a  rail  length  ;  uniform 
spacing  of  2  feet  1|^  inches,  center  to  center.  The  close  spacing  of  the 
ties  at  the  rail  joints  is  considered  necessary  for  the  existing  severe 
conditions  of  traffic. 

The  cast-iron  bowls  designed  in  1885  by  Mr.  John  M.  Toucey,  general 
superintendent  of  the  road,  were  intended  for  yard  service  and  are  still 
in  use  at  the  Grand  Central  station,  New  York  City.  (Description  of 
the  Hartford  and  Toucey  ties  will  be  found  a  few  pages  further  on.) 

Chicago  and  Western  Indiana  Railway  (See  plate  No.  28). — 
About  1,000  feet  of  track  near  Chicago,  111.,  have  beei^  laid  with  the 
"  Sandard  "  steel  tie  for  experimental  purposes,  and  up  to  the  end  of 
1880  they  had  been  in  service  about  three  months.  It  was  then  re- 
ported that  they  appeared  to  be  satisfactory,  but  that  it  was  too  soon 
to  express  a  decided  opinion  in  regard  to  them.  The  traffic  is  about 
eighty  trains  per  day ;  all  in  one  direction.  The  locomotives  weigh 
96,000  pounds,  and  have  a  weight  of  15,000  pounds  on  the  driving, 
wheels.  The  track  is  as  firm  as  could  be  expected  for  the  open  winter 
that  has  been  experienced.  It  makes  very  easy  riding  and  causes  very 
little  noise.  The  ballast  is  of  light  gravel.  The  ties  are  spaced  23^ 
inches  apart,  center  to  center.  They  are  7  feet  long  and  3  inches  deep ; 
joint  ties,  10  inches  wide ;  intermediate  ties,  7  inches  wide.  There  had 
been  no  trouble  with  the  rail  fastenings,  but  a  little  rust  had  been  no- 
ticed where  the  bolts  come  in  contact  with  the  clamp.  The  rail  joints 
are  square  (or  opi)Osite),  and  are  supported  ;  they  are  spliced  with  plain 
splice  bars  weighing  18J  pounds  per  pair ;  angle-bars  could  not  be  used 
as  the  fiange  would  interfere  with  the  rail  clamp.  The  company  which 
is  introducing  this  tie  claims  that  the  clamp  fastening  will  obviate  the 
necessity  for  the  use  of  splice  bars  and  bolts,  the  clamps  holding  the 
rails  firmly  by  the  flange.  Many  railway  men,  however,  consider  that 
it  is  not  sufficient  to  hold  the  rail  by  its  base.  In  view  of  the  fact  that 
rails  are  not  always  vertical  in  the  web,  and  are  liable  to  bend,  especi- 
ally under  heavy  traffic,  it  may  be  found  inadvisable  to  dispense  gen- 
erally with  the  use  of  splice-bars,  which  serve  to  keep  the  rail  ends  in 
line.  Particulars  of  the  "  Standard  "  tie  will  be  found  a  few  pages  fur- 
ther on. 

The  following  is  a  letter  written  to  the  Standard  Metal  Tie  and  Con- 
struction Company  of  New  York,  in  January,  1890,  by  Mr.  J.  W.  Clarke» 
roadmaster  of  theChicago  and  Western  Indiana  Railway  Company  and 
the  Belt  Railway  Company  of  Chicago: 

Answering  your  inquiry  as  to  the  condition  of  the  Standard  steel  ties  now  in  our 
track  on  main  line,  north  of  Seventy-first  street,  I  beg  to  say  that  these  ties  were  laid 
on  the  1st  of  October,  1889,  and,  as  you  are  aware,  they  were  pat  in  at  the  above  lo- 
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cation  on  sonth-bonnd  track  for  tho  reason  tliat  at  this  point  the  hallast  is  very 
light  gravel,  which  would  make  the  test  niiicli  more  severe  tlian  if  tliey  had  been  put 
in  at  another  location  of  the  road.  The  traflicoii  this  section  is  eighty  regular  trains 
in  one  diiection  every  twenty-four  hours;  the  heaviest  engine  weighs 9G,000  pounds, 
with  15,000  pounds  on  each  pair  of  drivers. 

So  far  the  ties  have  given  perfect  satisfaction,  requiring  but  slight  attention,  and 
that  only  when  first  laid.  There  .are  no  loose  bolts,  clips,  or  nuts,  and  so  far  there 
have  beeu  noue.  It  would  be  impossible  for  me  to  estimate  correctly  at  the  present 
time  the  saving  in    nuiiutenauco,'as  the  ties  have  not  been   iu  service  long  enough. 

1  believe,  however,  that  there  will  be  a  great  s.aving  in  maintenance,  as  the  only 
things  to  need  attention  are  the  bolts  and  clips,  and  so  far  they  have  shown  no  indi- 
cation of  weakness  in  any  particular.  There  has  beeu  no  upheaval  of  the  ties  where 
the  ground  is  frozen,  and  from  preseut  indications  I  li.ardly  believe  that  sucli  will 
occur.  The  ties  are  in  good  Hue  and  surface,  and  hold  the  rails  in  an  upright  rigid 
position,  so  that  the  wear  on  the  rail  head  seetus  to  be  more  uniform  and  even  than 
where  wooden  ties  are  used.  I  am  free  to  say  that  the  ties  have  so  far  surpassed  all 
my  expectations. 

There  seems^to  be  no  possibility  of  spreading  of  the  rails.  Should  a  rail  break 
there  would  be  less  liability  to  accident,  for  the  reason  that  the  fastenings  hold  the 
rail  absolutely  firm  and  rigid.  1  believe  that  the  saving  in  maintenance  that  will 
eventually  be  shown,  and  the  absolutely  safe,  permanent  way  which  these  ties  make, 
to  say  nothing  of  their  greatei^Iife,  will  show  greatly  in  their  favor. 

Delaware  and  Htjdson  Railway. — Steel  ties  are  to  be  tried  on 
this  road.  An  order  for  1,500  "  Standard  "  ties  was  given  in  April, 
1890,  to  the  Standard  Metal  Tie  and  Construction  Company,  of  ]  5  Cort- 
landt  street,  New  York,  and  they  will  be  laid  north  of  Ballston  on  what 
was  originally  a  part  of  the  old  Saratoga  and  Schenectady  Railroad. 
The  ties  are  to  be  7  feet  long  and  7  inches  wide;  they  will  be  in  gravel 
ballast  and  will  be  sj^aced  2  feet,  2  feet  6  inches,  and  perhaps  3  feet 
apart  for  experimental  purposes.  The  rails  weigh  67  pounds  per  yard 
and  rest  on  blocks  of  compressed  wood.  The  joint  is  of  a  new  type ;  a 
channel-bar  4  inches  deep  is  placed  under  the  rail  ends,  and  a  clamp  on 
each  side  takes  hold  of  the  rail  flange  and  the  bottom  of  the  flange  of 
the  channel.  Four  bolts,  with  the  Harvey  grip-tbread,  pass  through 
the  clamps  and  channel-bar  under  the  rail.  No  ordinary  splice-bars  are 
used,  the  rails  being  held  by  the  flanges  only.    The  joint  ties  are  spaced 

2  feet  apart,  and  the  channel-bar  and  clamps  are  as  long  as  the  distance 
between  these  ties.  Tiie  order  for  the  ties  was  given  through  Mr.  H. 
G.  Young,  second  vice-president  of  the  road,  and  Mr.  A.  J.  Swift,  chief 
engineer.  The  Standard  ties  are  in  experimental  use  on  the  Chicago 
and  Western  Indiana  Railway,  and  are  described  further  on. 

Pennsylvania  Railway  ( See  plate  No.  29  ). — Mr.  William  H. 
Brown,  chief  engineer,  stated  in  February,  1889,  that  the  iron  ties  tried 
on  this  line  had  not  been  satisfactory.  Fourorfive  different  kinds  had 
been  tried  but  there  was  not  one  that  gave  any  satisfaction,  and  they 
had  all  been  taken  out  with  the  exception  of  the  steel  ties  obtained 
from  the  London  and  Northwestern  Railway,  England;  and  it  was  sup- 
posed that  these  also  would  be  taken  out  in  a  year  or  two.  In  October, 
1889,  Mr.  Brown  stated  that  a  few  metal  ties  had  been  in  service  for 
about  nine  years,  but  that  they  had  all  been  taken  out  of  the  main 
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track,  with  the  exception  of  small  lota.  Tliey  were  made  of  channel 
iron,  from  designs  prepared  by  the  engineer,  and  cost  $4  each.  As  will 
be  noticed  by  the  description  given  further  on,  the  construction  of  these 
ties  involved  considerable  shop-work.  One  bolt  on  each  side  of  the 
track  might,  however,  be  dispensed  with.  Some  of  these  ties  were  laid 
on  the  Filbert  street  extension  in  1880,  and  in  1885  about  400  or  500 
were  laid  on  the  4^-degree  curve  in  the  West  Pliiladelpliia  yard,  where 
134  fast  passenger  trains  passed  over  them  in  24  hours.  They  had  no 
elasticity  and  were  very  hard  tokeej)  in  line.  It  was  concluded  that  as 
long  as  good  oak  ties  could  be  procured  at  a  price  not  exceeding  $L 
each,  it  would  be  cheaper  to  nse  wooden  than  iron  ties.  The  price  be- 
ing paid  for  oak  ties  in  October,  1889,  was  65  cents  per  tie,  delivered  on 
the  line  of  the  road.  In  a  letter  published  in  1880,  Mr.  Brown  stated 
that  the  iron  ties  gave  perfect  satisfaction  and  were  no  more  trouble  to 
keep  in  line  and  surface  than  wooden  ties,  but  in  October,  lr889,  he  stated 
as  follows : 

In  onr  experience  a  metal  tie  is  not  worth  half  as  much  as  a  wooden  one,  and  as 
long  as  we  can  get  first-class  white-oak  ties  at  onr  price  of  65  to  75  cents  each,  it 
would  be  very  foolish  for  us  to  use  metal  ties  that  cost  $3  and  $4. 

This  road  has  two  sections  of  track  laid  with  the  standard  metal 
track  of  the  London  and  Northwest<^rn  Railway  (See  "  England"),  con- 
sisting of  steel  cross-ties  with  steel  rails  of  bull  headed  section,  weigh- 
ing 5)0  pounds  per  yard,  secured  in  the  chairs  by  steel  keys.  This  track 
is  said  to  be  more  easily  kept  in  line  than  track  on  the  company's  own 
iron  ties,  in  spite  of  the  English  ties  having  open  ends.  This  is  attrib- 
uted to  the  greater  stittness  of  the  rails.  One  of  the  sections  of  track 
is  near  Harrisburg,  Pa.,  the  other  is  on  the  New  York  division,  west  of 
the  station  at  Meulo  Park,  N.  J.  On  the  latter  location  they  are  laid  on 
the  most  southerly  of  the  four  tracks,  which  is  the  track  for  east-bound 
freight  trains.  There  are  about  eight  hundred  ties  in  all,  spaced  3  feet, 
center  to  center,  giving  ten  ties  to  a  rail  length  of  30  feet.  The  track  is 
on  tangents,  one  curve  and  one  short  bridge;  on  the  bridge  the  ties  are 
placed  on  wooden  cross- ties  having  beveled  edges.  The  rails  are  laid  to 
break  joint,  and  the  joints  are  spliced  by  deop  bars  with  four  bolts. 
The  ballast  is  of  broken  stone;  and  fine  broken  stone  is  filled  in,  cov- 
ering the  ties.  This  covering  is  not  used  on  the  other  tracks,  which  are 
laid  with  wooden  ties.  I  examined  this  section  of  track  in  November, 
1889. 

Chicago,  Santa  F6  and  California  Railway  (See  plate  No. 
30). — On  the  Illinois  division  of  this  line  the  Taylor  tie  (described  fur- 
ther on)  has  been  in  use  on  a  few  rail  lengths  for  over  two  and  one  half 
years.  They  are  reported  to  have  been  laid  in  poor  ballast,  and  to  have 
carried  heavy  traffic. 

Official  reports  made  to  me  in  February,  1890,  speak  unfavorably  of 
these  ties.  There  are  twenty-two  of  them  at  Streator,  111.,  in  the  yard 
west  of  Main  street,  between  the  crossings  of  the  Wabash  Railway  and 
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the  Chicago  and  Alton  Railway.  They  were  laid  in  August,  1887,  and 
are  on  a  length  of  about  40  feet  on  a  level  and  straight  track.  Mr. 
R.  R.  Coalman  was  the  engineer  in  charge.  There  is  a  train  every  hour. 
The  locomotives  weigh  85,000  pounds.  The  bowls  of  the  joint  ties  are 
8  inches  by  19  inches;  those  of  the  intermediate  ties  are  8  inches  by  14 
inches.  They  are  of  steel,  five-eighths  inch  thick,  and  weigh  50  pounds. 
The  joint  and  second  ties  are  spaced  20  inches,  crnter  to  center ;  the 
others  are  spaced  24  inches,  center  to  center.  The  fastenings  consist 
of  lugs  on  the  bowls  and  on  the  ends  of  the  tie-bars  as  described  further 
on.  The  expense  of  maintenance  is  saicl  to  be  50  per  cent,  more  than 
with  ordinary  ties,  and  the  durability  is  "  not  very  good."  The  rails 
are  of  flange  section,  weighing  70  pounds  per  yard ;  the  joints  are  sup- 
ported, and  are  spliced  by  angle-bars.  The  ballast  is  of  cinders  and 
gravel,  and  does  not  behave  well  under  the  tie.  The  general  results 
are  not  satisfactory.  There  is  trouble  with  maintenance  of  track  and 
with  the  rail  attachments,  but  no  trouble  from  breakages.  In  January, 
1890,  when  the  ties  were  examined  for  the  purpose  of  this  report,  the 
track  was  found  to  be  2  inches  lower  than  the  other  part  of  the  track; 
it  had  been  raised  3  inches  above  the  level  of  the  other  ties,  but  would 
not  stay  up.  The  ties  were  hard  to  tamp  and  the  gravel  worked  out 
from  under  them.  From  the  experience  with  these  ties  it  is  thought 
that  they  will  not  last  any  longer  than  good  wooden  ties,  while  the  cost 
for  maintenance  is  much  greater. 

Long  Island  Railway  (See  plate  No.  30).— A  few  ties  of  the  "  Inter- 
national" type,  described  further  on,  weresentby  the  inventor  for  trial, 
and  up  to  the  end  of  1889  had  been  in  service  for  about  two  years. 
They  were  laid  for  a  length  of  about  40  feet,  and  were  spaced  2  feet 
aj)art,  center  to  center.  The  rail  joints  are  suspended.  The  track  is 
ballasted  with  cinders,  filled  in  level  with  the  tops  of  the  ties.  The 
track  is  said  to  be  not  more  firm  than  that  with  wooden  ties,  and  its 
length  is  too  short  to  enable  its  riding  qualities  to  be  determined.  The 
ties  are  8  feet  long.  The  average  amount  of  traffic  is  100  trains  per  day. 
The  heaviest  locomotives  weigh  140,050  pounds  with  a  weight  of  59,000 
pounds  on  the  driving  wheels.  The  number  of  ties  is  too  small  and 
time  of  trial  too  short  for  any  definite  conclusions  to  be  drawn  as  to 
maintenance,  but  it  is  thought  it  would  cost  as  much  as,  or  more  than, 
the  track  with  wooden  ties  to  keep  in  good  line  and  surface,  and  for 
maintenance.  The  rail  fastenings  have  given  no  particular  trouble. 
Several  tics  have  cracked  under  the  rails.  On  the  whole,  the  results 
are  not  considered  to  be  very  satisfactory,  but,  as  already  stated  in  the 
"  general  remarks,"  a  few  pages  back,  the  metal  tie  question  is  quite  in 
its  infancy  in  this  country,  and  ties  which  have  not  thus  far  met  the  re- 
quirements and  conditions  to  be  fulfilled  may  be  improved  in  the  light 
of  actual  experience  so  as  to  be  ultimately  efficient.  These  remarks 
apply  also  to  the  ties  descjibed  in  the  previous  paragrai)h. 

Boston  and  Maine  Railway  (See  i)late  No.  30).— A  few  steel 
ties  of  the  "  International "  type  have  been  tried  on  this  line.    They 
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were  laid  at  Somerville,  Mass.,  in  July,  1885.  Different  patterns  were 
used,  most  of  them  in  two  pieces,  riveted  together  at  the  middle  rib  or 
web;  others  in  one  piece  with  riveted  angle-pieces  to  which  the  rail 
clamps  were  bolted.  They  all  had  the  top  table  crowned  at  the  middle. 
Some  had  only  half  the  width  of  each  end  closed  :  others  had  a  part  of 
tlieside  at  each  end  cut  away.  This  was  to  facilitate  tamping.  I  vis- 
ited the  track  in  September,  1889,  but  the  ties  had  all  been  taken  out 
(and  piled  near  the  Hue),  as  the  notch  in  the  rib  was  not  wide  enough 
for  the  flange  of  the  new  rails  which  are  being  put  in.  Some  were 
cracked  at  the  rail-seats.  The  section-master  in  charge  of  this  section 
spoke  well  of  the  ties ;  he  considered  that  there  was  but  little  more 
trouble  in  tamping,  especially  with  the  ties  having  a  part  of  the  sides 
cut  away.  The  ties  gave  a  bearing  of  14  inches  for  the  rail,  and  were 
spaced  28  inches,  center  to  center. 

Maine  Central  Railway — (See  i)late  No.  30). — On  this  line 
also  a  few  "  International "  ties  have  been  tried,  and  have  been  in  service 
since  1885.  I  examined  them  in  September,  1889.  There  are  only 
fifteen  ties,  or  one  rail  length,  and  they  are  laid  in  the  freight-yard  at 
Tortland,  Me.  They  were  put  in  at  the  request  of  the  inventor.  The 
ties  have  half  of  each  end  open.  In  a  freight  track,  where  a  good  deal 
of  switching  is  carried  on,  the  rib  would  be  bad  in  case  of  derailment, 
as  it  might  strip  the  trucks  from  a  car  which  otherwise  might  have  been 
got  back  on  the  rails  without  injury.  As  the  rib  would  also  be  danger- 
ous to  brakemen  in  coupling  cars,  etc.,  being  likely  to  trip  them  up,  the 
space  between  the  rails  is  filled  in  with  gravel.  The  yard-master  stated 
that  these  ties  had  not  been  touched  since  they  were  laid,  which  could 
not  be  said  of  any  of  the  wooden  ties  during  the  same  time. 

Denver  and  Rio  Grande  RAiL\yAY. — A  very  limited  trial  of  metal 
ties  has  been  made  on  this  road.  In  October,  1889,  Mr.  R.  E.  Briggs, 
chief  engineer,  stated  that  there  had  never  been  a  trial  made  of  a  char- 
acter to  aftbrd  information  of  value.  A  few  years  ago  a  few  iron  ties 
(probably  a  dozen)  were  laid  in  the  track  near  Denver,  but  were  taken 
out  after  a  short  time,  and  no  record  of  them  has  been  kept.  From  an- 
other source  I  learn  that  the  ties  were  probably  of  trough  section  with 
a  wooden  block  under  each  rail,  and  that  probably  a  larger  number 
was  tried  than  above  noted. 

Philadelphia  and  Baltimore  Central  Railway.— On  this  line, 
which  is  now  a  part  of  the  Philadelphia,  Wilmington  and  Baltimore 
Railway,  trials  of  the  Travis  iron  ties  were  being  made  in  1879.  The 
following  is  from  the  Railroad  Gazette,  New  York,  of  March  28,  1879: 

At  tho  meeting  of  the  Engineers'  Clnh  of  Philadelphia  on  March  15,  1879,  C.  E. 
Buzby  exhibited  a  n)odel  of  the  Travis  iron  tie,  which  was  then  being  tried  on  the 
Philadelphia  and  IJaltimore  Central  Ivaihvay,  ne;ir  Lsunokin.  It  dispensed  wiili  all 
spikes,  bolts,  nuts,  or  fish-plates,  and  drilling  or  jiunching  rails.  Each  tie  was  re- 
cessed under  tho  rails,  and  along  the  bottom  of  the  recess  wedge-shaped  pieces  were 
cast  transversely.  At  the  sides  of  each  recess  are  creosoted  blocks,  which  form  a 
cushion  and  a  fulcrnm  for  two  clamps,  which  grasp  the  (lange  And  web  of  the  rail 
above,  bearing  upon  opposite  faces  of  the  wedge  below.    Tho  weight  of  the  train 
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forces  the  clamps  upon  the  wedge,  spreads  thorn  out  at  the  bottom,  and  causes  tlio 
upper  part  to  grip  the  rails.  The  first  cost  was  somewhat  greater  than  that  of  the 
wooden  ties,  but  it  was  said  to  offset  this  in  durability. 

In  January,  1890,.  Mr.  H.  F.  Kenney,  general  superintendent  of  the 
Philadelpliia,  Wilmington  and  Baltimore  Railway,  wrote  me  as  follows: 

lu  1878  oue  hundred  iron  cross-ties  of  the  Travis  pattern  wen;  placed  in  the  track, 
on  our  Maryland  division,  and  were  removed  after  having  been  in  use  for  a  period  of 
four  years  and  seven  months.  The  results  obtained  were  not  at  all  satisfactory,  the 
expense  of  surfacing  and  lining  amounting  to  considerably  more  than  with  wooden 
cross-ties.  A  number  of  these  cross-ties,  of  a  similar  pattern,  were  laid  on  the  Chester 
Creek  branch,  on  our  central  division,  during  1879.  These  ties,  like  those  in  use  on 
the  Maryland  division,  failed  to  give  satisfactory  results  and  were  removed  from 
the  track  after  a  period  of  about  four  years'  service. 

Delaware,  Lackawanna  and  Western  Railway  (See  plate 
No.  30). — On  this  line  six  ties,  of  a  type  designed  by  Mr.  Hicks,  of  New 
York,  have  been  in  use  for  some  months  in  the  yards  at  Hoboken, 
under  heavy  drilling  and  switching  traflSc.  Mr.  Neafie,  the  roadmaster, 
states  that  they  behaved  well;  better,  in  fact,  than  had  been  expected. 
The  tie  as  at  present  made  is  not  considered  suitable  for  main  tracks,  as 
the  wooden  blocks  are  liable  to  split,  the  grain  being  parallel  with  the 
rail.  In  dry  weather,  too,  the  wood  would  shrink  and  might  become 
loose.    The  ties  are  in  cinder  ballast.    (See  "  Hicks' "  system.) 

Mr.  Neafie  has  designed  a  metal  tie  especially  for  use  at  road 
crossings.  Two  pieces  of  old  rail  with  a  chair  secured  at  each  end,  form 
the  tie.  There  is  no  intention  of  applying  this  plan  to  ordinary  track, 
but  it  is  intended  especially  for  the  crossings  as  above  mentioned. 

It  is  claimed  that  these  experiments  jre  not  conclusive,  and  that 
with  certain  modifications  the  tie  wouiu  prove  successful.  An  im- 
ju'oved  form  of  tie  of  this  type,  designed  to  meet  the  objections  experi- 
enced with  the  original  Travis  tie,  has  been  invented  by  Mr,  E.  Braud- 
wood,  of  Philadelphia,  Pa.     (See  Brandwood  Tie,  page  289.) 

TIES. 

The  Hartford  Tie  (See  plate  No.  27).— This  is  a  rolled  Bessemer-steel  cross-tie,  of  in- 
verted-trough section,  with  a  channel  or  groove  along  the  middle  of  tlie  top  table 
for  the  entire  length  of  the  tie.  The  dimensions  are  as  follows:  Length,  7  feet  G 
inches  to  8 feet  6  inches;  width  on  top,  8  inches;  width  at  bottom,  10;^  inches;  depth, 
2i  inches.  The  metal  is  three-eighths  inch  thick  at  the  sides  and  five-sixteenths 
inch  on  top.  The  channel  or  groove  is  2^  inches  wide  and  tive-eighths  inch  deep. 
The  ends  are  closed  by  curving  the  whole  tie  to  a  depth  of  ?)\  or  fi  inches.  The  weight 
is  150  pounds,  including  the  fastenings.  The  ties  are  treated  with  Dr.  Angus  Smith's 
asphaltum  process,  applied  at  a  temperature  of  300"  Fah.  The  fastening  for  each 
rail  consists  of  two  clamps  five-eighths  inch  thick  ;  the  clamps  are  wedge-shaped  in 
plan  and  lie  under  tlie  rail  in  the  channel  of  the  tie.  At  the  broad  end  of  each 
clamp  is  a  hooked  projection  or  Ing,  which  holds  the  flange  of  the  rail.  A  bent  bolt, 
seven-eighths  inch  diameter,  with  its  head  at  an  angle  of  .'iS  degrees  with  the  body, 
is  used  on  each  side  of  the  rail ;  the  head  is  on  the  under  side  of  the  top  table  of  the 
tie,  and  the  body  passes  up  through  the  tie  and  clamp.  The  neck  is  oblong,  J  by  1-)^ 
inches.  The  nut  screws  down  on  the  inclined  face  of  the  end  of  the  clamp.  At  first 
the  clamp  had  a  hole  for  the  bolt,  but  as  now  made  it  has  a  slot  to  receive  the  bolt ; 
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ERRATUM. 

In  the  copy  of  the  Second  Edition  of  Bulletin  No.  4,  of  the  Forestry- 
Division,  recentlj''  sent  to  you,  the  following  paragraph  should  have 
been  inserted  above  "Delaware,  Lackawanna  and  Western  Railway," 
following  "four  years'  service,"  line  13,  page  284. 

It  is  claimed  that  these  experiments  were  not  conclusive,  and  that  with  certain 
modifications  the  tie  would  prove  successful.  An  improved  form  of  tie  of  this 
type,  designed  to  meet  the  objections  experienced  with  the  original  Travis  tie,  lias 
been  invented  by  Mr.  E.  Brandwood,  of  Philadelphia,  Pa.  (See  Brandwood  Tic, 
page  289). 
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by  this  means  the  clamps  can  be  shifted,  so  that  the  track  maybe  adjusted  accurately 
ti)  gauge,  with  any  variation  in  the  width  or  thickness  of  the  rail  flanges.  The 
,i;iuige  can  also  be  thus  easily  widened  at  curve  or  contracted  at  frogs  and  switches, 
and  rails  with  worn  heads  may  be  shifted  in  to  maintain  a  uniform  gauge.  The  bolt 
being  at  an  angle,  a  strong  grip  is  secured.  Lock-nuts  are  not  used,  but  the  bolts 
have  the  Harvey  gni)thread,  which  in  itself  forms  a  nut-lock.  Powerful  wrenches 
must  be  used,  as  the  security  depends  upon  the  upsetting  of  the  threa<ls  within  the  nut. 
Under  exceptionally  severe  conditions  of  traffic,  however,  nut  locks  may  be  used  as 
;iu  extra  precaution.  This  is  the  fastening  as  improved  in  accordance  with  sugges- 
tions made  by  Mr.  Walter  Katt6,  chief  engineer  of  the  New  York  Central  and  Hud- 
sou  River  Railway,  who  is  now  conducting  a  careful  trial  of  these  ties,  as  already 
noted.  The  ties  cost  $3  each,  including  fa;8tenings.  They  are  manufactured  by  the 
Pennsylvania  Steel  Company,  of  Steclton,  Pa.,  for  the  A.  J.  Hartford  Steel  Railway 
Tie  Company,  of  Temple  Court,  New  York  city.    Their  life  is  estimated  at  fifty  years. 

Ties  of  this  type,  but  flat  on  top,  without  the  groove  or  channel,  have  been  de- 
signed. The  special  object  is  to  permit  of  shimming  up  the  track,  which  becomes 
necessary  with  the  disturbance  of  the  ballast  by  frost  in  certain  sections  of  the 
country.  The  impossibility  of  shimming  has  been  an  objection  to  metal  ties,  which 
has  frequently  been  urged  by  practical  track  men. 

The  Standard  Tie  (See  plate  No.  28). — This  is  a  steel  cross-tie  of  channel  section 

(( |),  stamped  to  shape  from  a  plate.    The  intermediate  or  ordinary  ties  are  7  feet 

long,  7  inches  wide  over  all,  and  3i  inches  deep  over  all.  They  weigh  82  pounds 
each  and  cost  $2.50.  The  joint  ties  (for  supported  fail  joints)  are  7  feet  long,  10 
inches  wide,  and  3i  inches  deep.  They  weigh  about  105  pounds,  and  cost  $3.50  each. 
Tlie  metal  is  three-eighths  inch  thick  throughout.  The  bottom  of  the  channel  is  cut 
loose  from  the  sides  at  the  middle  portion  of  the  tie,  and  the  parts  bent  up  at  an 
angle,  so  as  to  offer  resistance  to  lateral  motion,  the  ends  of  the  tie  being  open. 
The  tie  is  intended  to  be  filled  with  ballast.  Each  rail  rests  upon  a  block  of  pre- 
served and  compressed  wood  placed  with  the  grain  vertical.  It  is  expected  that  this 
block  will  give  a  firm  support  to  the  rail,  ^11  not  be  cut  by  the  flange,  and  will  be 
durable.  Each  block  is  4^  inches  wide  by  6^  inches  long  (or  9^  inches  for  joint  ties) 
and  2f  inches  deep.  The  rail  reats  only  on  the  block,  the  sides  of  the  tie  being  cut 
away  to  a  depth  of  one-half  inch  for  the  width  of  the  rail  flange.  The  fastenings 
consist  of  2-8haped  clamps,  the  upper  rib  holding  the  rail  flange,  while  two  projec- 
tions forming  the  lower  rib  pass  through  holes  in  the  bottom  of  the  tie  and  take  a 
bearing  against  the  under  side  of  the  bottom.  The  upright  web  is  nearly  vertical, 
but  curved  so  as  to  grip  the  wooden  block.  The  clamps  are  as  long  as  the  inside 
width  of  the  tie.  At  intermediate  ties  the  clamps  are  screwed  up  to  a  bearing  on  the 
rail  flange  by  a  bolt  three-fourths  inch  diameter,  passing  horizontally  under  the  rail 
through  both  clamps  and  the  wooden  block.  The  center  of  the  bolt  is  one-half  inch 
below  the  top  of  the  block.  At  joint  ties  two  bolts  are  used.  It  is  claimed  that  this 
fastening  will  obviate  the  necessity  for  the  use  of  splice-bars  and  bolts,  but  as  already 
noted,  in  view  of  the  fact  that  rails  are  not  always  vertical  in  the  web  and  would 
have  a  tendency  to  be  bent  at  unsupported  ends,  it  may  be  that  the  use  of  splice- 
bars  will  be  found  desirable,  especially  for  track  with  heavy  traffic.  These  ties  are 
said  to  be  especially  adapted  for  roads  with  a  narrow  width  of  ballast,  as  the  re- 
sistance to  lateral  motion  is  at  the  middle  instead  of  at  the  ends  of  the  tie.  They 
are  also  claimed  to  be  suitable  for  bridge  floors  and  elevated  railways.  In  the  latter 
case,  the  bottom  of  the  channel  would  be  cut  away  entirely  between  the  wooden 
blocks,  so  as  to  ofler  as  little  obstruction  to  light  as  possible ;  they  would  in  them- 
selves form  the  cross-bracing  of  the  structure.  The  ties  are  manufactured  at  the 
Homestead  Steel  Works  of  Carnegie,  Phipps  &  Co.,  at  Homestead,  Pa.  They  are 
stamped  from  steel  plates  by  a  hydraulic  press  designed  by  Mr.  Aiken,  of  Pittsburgh, 
and  built  by  the  Scaife  Foundry  and  Machine  Company  of  Pittsburgh.  They  are 
being  introduced  by  the  St^,ndard  Steel  Tie  and  Coustruotion  Company,  of  15  Cort- 
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landt  street,  New  York  City.  They  are  beiug  given  a  trial  on  the  Chicago  and 
Westeru  ludiaua  and  on  the  Delaware  and  Hudson  Railways. 

The  I'eiinityhmnia  liailway  Tie  (See  plate  No.  20). — The  channel  tie  designed  l)y  fho 
engineer  of  the  Pennsylvania  Railway  consists  of  an  ordinary  channel-iron  ((  |), 
8  feet  6  inches  long,  7  inches  wide,  2^^  inches  deep,  weighing  13^  pounds  per  foot. 
Each  end  is  closed  by  an  angle-iron  3^  inches  by  .5  inches,  7  inches  long,  weighing 
7  pounds  per  foot.  The  shorter  leg  I'ests  on  the  top  table  of  the  tie  and  is  secured 
by  two  rivets.     A  piece  of  angle-iron  3  inches  by  3  inches,  5^  inches  long,  weighing 

6  pounds  per  foot,  is  also  rivefed  inside  of  the  channel  just  under  the  llange  of  the 
rail.  The  fastenings  for  each  rail  consist  of  a  riveted  brace  on  the  outer  side  and  a 
bolted  clamp  on  the  inner  side.    The  brace  on  the  outer  side  is  a  piece  of  angle-bar 

7  inches  long,  secured  to  the  tie  by  the  two  rivets  which  hold  the  angle-iron  in  the 
interior  of  the  tie ;  tliis  angle-bar  or  brace  beai's  on  the  flange  and  under  side  of  the 
head  of  the  rail.  The  clamp  on  the  inner  side  is  a  flat  piece  of  iron  7  inches  long, 
secured  by  two  bolts ;  one  bolt  may  be  dispensed  with  in  some  cases.  This  clamp 
bears  on  the  tie  and  flange  of  the  rail. 

The  Toiicey  Tie  (See  plate  No.  29). — This  tie  was  designed  by  Mr.  John  Toucey, 
general  superintendent  of  the  New  York  Central  and  Hudson  River  Railway,  ex- 
pressly for  laying  in  the  Grand  Central  Station,  New  York  City,  where  it  was  desired 
to  pave.  Each  tie  consists  of  a  pair  of  cast-iron  '*  bowls"  of  H-section,  with  outward, 
flaring  sides.  The  bowls  are  connected  by  a  tie-rod  five-eighths  inch  diameter,  the 
ends  of  which  are  bent  down  at  right  angles  to  tit  into  a  hold  in  the  middle  web, 
the  rod  passing  through  the  side  of  the  bowl.  The  bowls  are  18  inches  long,  9| 
inches  wide  on  top,  16^  inches  wide  at  the  bottom,  and  8i\  inches  deep.  The  thick- 
ness 18  from  one-half  to  1  inch.  The  upper  part  of  the  bowl  is  fitted  with  an  oak 
block,  to  which  the  rail  is  secured  by  a  pair  of  Bush  interlocking  bolts.  Thetiesare 
laid  3  feet  apart,  center  to  center  of  tie-rods,  giving  18  inches  clear  between  the 
bowls.  The  weight  of  each  bowl  is  about  100  pounds.  The  track  was  laid  in  1885, 
and  no  breakages  have  occurred.  There  is  a  distance  of  about  3,000  feet  laid  with 
these  ties.  They  are  economical  in  that  %e  track  has  not  to  be  dug  up  and  disturbed 
for  renewals  of  ties.  The  wooden  block  is  not  vulcanized,  creosoted,  or  otherwise 
treated  ;  but  it  is  considered  that  Georgia  pine  would  last  a  long  while,  as  it  is  away 
from  dampness.  The  ties  were  also  laid  at  the  same  time  for  several  rail  lengths  at 
the  entrance  of  the  yard.  Mr.  Toucey  stated  in  January,  1890,  that  these  also  are 
still  in  service.    There  have  been  no  renewals  or  breakages. 

The  International  Tie  (See  plate  No.  30). — This  is  a  rolled-steel  tie,  the  cross  section 
of  which  resembles  a  printer's  "brace"  ('■*-^-'^).  Originally  it  was  made  in  two 
pieces  riveted  together  at  the  upper  flanges,  but  it  is  now  made  in  one  piece.  Some 
of  the  earlier  ties  were  in  one  piece,  but  had  not  the  upper  flange,  a  short  piece  of 
angle-iron  being  riveted  at  each  side  of  each  rail  seat ;  the  rail  clamps  were  bolted 
to  these  angle  pieces.  To  facilitate  tamping,  half  of  each  end  was  left  open  or  a 
piece  of  the  side  cut  away  at  each  end.  As  now  made,  however,  the  ends  are  open, 
and  a  transverse  p'.ate  inside  the  tie,  nearly  under  the  rail  seat,  is  secured  by  a  rivet 
to  each  side.  The  usual  dimensions  are  now  as  follows  :  Length,  8  feet ;  width,  10 
inches;  side  flanges,  3  to  3^  inches  deep;  middle  flange,  2  inches  high.  The  thick- 
ness is  from  three-sixteenths  inch  at  the  bottom  of  the  side  flanges  to  three-eighths 
inch  on  top.  At  first  the  top  table  was  slightly  curved  at  the  middle,  but  it  is  now 
made  horizontal  for  its  entire  width.  The  middle  flange  is  cut  away  in  two  places  to 
admit  the  rail  flanges.  The  weight  of  the  tie  is  about  100  i)ounds.  The  price  is  about 
$1.50  to  $2.50,  according  to  length,  etc.  The  fastenings  consist  of  flat  wrought-iron 
clamps  bolted  to  the  middle  flange  of  the  tie,  one  on  each  side  of  each  rail.  These 
clamps  have  projections  which  bear  upon  the  flange  of  the  rail,  and  these  projections 
are  so  made  as  to  give  four  different  clearance  heights  between  the  tie  and  the  clamp; 
this  allows  for  rails  with  flanges  of  different  thickness,  and  also  for  some  amount  of 
ehimming.    Some  of  these  ties  have  been  tried,  as  already  noted,  on  the  Long  Island 
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Railway,  Boston  and  Maine  Railway,  and  Maine  Central  Railway.  They  are  mann- 
factured  by  the  Cambria  Iron  Company,  of  Johnstown,  Pa.,  for  the  International 
Railway  Tie  Company  (of  which  the  inventor  of  tlio  tie,  Mr.  Hiyley,  is  treaaurer),  45 
Uroadway,  New  York  City. 

The  Taylor  Tie  (See  |)latc  No.  30). — This  is  an  iron  or  steel  cross-tie  on  the  "  bowl " 
system,  each  tie  consisting  of  a  separate  piece  under  each  rail,  connected  by  a  third 
jiiece  formiiifj  a  tie-bar.  The  bowls  or  rail-bearers  are  of  inverted-trough  section, 
placed  lengthwise  of  tiie  rail,  and  having  a  vertical  transverse  slot  through  which 
the  deep  Hat  tie-bar  pas-ses.  At  rail  joints  (supported  Joints)  the  rail-bearers  are  of 
extra  length  and  two  tie-bars  are  used,  one  to  each  rail  end.  With  this  system,  as 
with  the  Standard  system,  the  Uvseof  splice  bars  and  bolts  is  intended  to  be  avoided. 
The  inner  side  of  the  rail  tlauge  is  held  by  lugs  stamped  up  from  the  metal  of  the 
top  table  of  the  bowl ;  the  outer  side  is  held  by  the  hooked  end  of  the  tie-bar.  No 
bolls  or  other  loose  parts  are  used.  The  rail-bearers  areof  sheet  steel  14  inches  long, 
9  inches  wide,  7  inches  deep,  five-sixteenths  inch  thick.  The  tie-bar  is  G  feet  long 
and  one-half  inch  thick.  The  weight  of  the  tie  complete  is  about  UO  pounds.  With 
ballast  that  is  fine  or  of  poor  quality  it  is  proposed  to  use  a  tie-bar  of  J,  section  (as 
shown  on  plate  No.  30  (instead  of  the  flat  bar ;  the  2_  bar  would  be  3  inches  by  3 
inches,  vertical  web  three-eighths  inch  thick,  horizontal  llauge  five-sixteenths  inch 
thick.  The  object  is  to  give  additional  bearing  surface.  These  ties  (with  flat  bars) 
have  been  tried  on  the  Chicago,  Santa  F6  and  California  Railway,  as  already  noted. 
The  inventor  is  Mr.  E.  L.  Taylor,  of  (382  Brooklyn  street,  Philadelphia,  Pa.  Ho 
stated  in  January,  lb'.)0,  that  he  had  received  several  inquiries  from  foreign  countries, 
and  hoped  soon  to  make  arrangements  for  manufacture. 

The  Hicks  Tie  (See  plate  No.  30). — The  ties  already  noted  as  being  tried  on  the  Del- 
aware, Lackawanna  and  Western  Railway  are  composed  each  of  two  angle-irons,  so 
placed  as  to  form  an  inverted  channel.  At  each  end  two  angle-pieces  are  riveted 
across  the  top  of  the  tie;  between  these  two  pieces  rests  the  oak  block  to  which  the 
rail  is  secured  by  spikes.  The  angle-pieces  are  not  as  high  as  the  block,  and  as  the 
latter  has  the  grain  parallel  with  the  rail,  it  is  liable  to  he  cut  by  the  rail  and  to  bo 
split  by  the  spikes.  The  block  is  also  liable  to  become  loose  in  dry  weather.  The 
tie  weighs  about  100  pounds.  Mr.  Neafie,  tlio  road-master,  suggests  that  it  would  be 
an  improvement  to  make  the  angle-pieces  as  high  as  the  wooden  block,  with  the 
upper  edges  bent  over.  The  block  would  be  driven  to  a  tight  fit  and  would  not  be 
liable  to  be  split.  The  ties  are  spaced  15  inches  apart  in  the  clear,  or  27  inches  cen- 
ter to  center.  Mr.  Hicks  proposes  several  modifications  of  the  tie  as  now  in  use. 
One  plan  is  to  have  the  wooden  blocks  only  4  inches  thick  and  long  enough  to  reach 
from  tie  to  tie,  forming  a  continuous  support  for  the  rail,  and  the  ends  of  the  adja- 
cent wooden  blocks  being  on  the  ties.  With  this  form  of  truck  an  imjiroved  clamp 
fastening  of  simide  form  would  be  used  instead  of  a  spike.  Another  system  designed 
by  the  same  inventor  consists  of  longitudinals  carrying  cross-ties,  which  are  placed  di- 
agonally instead  of  at  right  angles  to  the  rails.  The  ties  are  of  channel  section,  with 
a  wooden  block  under  each  rail.  The  object  of  placing  the  tie  diagonally  is  to  in- 
crease the  length  of  bearing  of  the  rails  on  the  blocks.  The  cross-tie  was  invented 
by  the  late  Capt.  H.  O.  Cook,  and  has  been  modified  and  improved  by  the  present 
owner,  Mr.  James  M.  Hicks,  19  Park  Place,  New  York  City. 

The  Durand  Tie. — This  tie  is  of  inverted-trough  section,  somewhat  resembling  the 
"  Post"  tie  (See  "  Holland  ").  It  is  narrow  and  deep  at  the  middle.  Lengthwise 
corrugations  on  the  top  table  of  the  tie  at  the  railseat  are  intended  to  give  addi- 
tional strength  ;  vertical  corrugations  may  also  be  made  in  the  sides.  The  width  of 
the  railseat  is  10  inches  on  top  and  12  inches  at  the  bottom.  The  thickness  may  be 
either  thiee-sixtecnths  inch,  giving  a  weight  of  G5  pounds  per  tie,  or  five-sixteenths 
inch,  giving  a  weight  of  100  pounds  per  tie.  The  cost  is  claimed  to  be  $lor$I.:i5, 
respectively.  The  ends  are  open,  but  can  be  clo.so«l  by  a  sjjecial  cap,  which  is  to  be 
put  ou  after  the  tie  is  laid,  and  which  can  be  removed  to  permit  access  to  the  bolts, 


288 

etc.  Experience  has  shown  the  advantaj^oH  of  closed  ends  for  ties,  and  the  proposed 
movable  oimIs  are  not  likely  to  be  introduced.  The  fasteniiij^s  consist  of  four  bolts," 
with  the  heads  welded  to  the  under  side  of  the  top  table  of  the  tie.  The  nut-lock 
consists  of  a  washer  of  soft  metal ;  a»  iudeutation  tits  into  a  recess  in  the  tie,  pre- 
vtMitiug  the  washer  from  turning,  and  when  the  nut  is  screwed  down  one  side  of  the 
washer  is  turned  up  agaiust  it.  Various  other  fastenings  are  also  proposed  by  the 
inventor  in  connection  with  his  ties.  It  is  proposed  to  roll  old  rails  into  sheets,  from 
which  the  tie  would  be  stamped  by  special  machinery;  any  special  arrangement  of 
tie  for  curves,  switches,  etc.,  would  be  effected  by  interchangeable  pieces  in  the  ma- 
chinery. The  plant  for  rolling  and  stamping  is  estimated  to  cost  $5,000,  and  the  cost 
of  manufacture  is  estimated  at  30  cents  per  tie.  The  ties  have  been  triefti  on  a  pri- 
vate trial  line  in  the  French  Alps.  The  inventor  is  A.  Durand,  of  Alexandria,  Va., 
and  Atlantic  Building,  Washington,  D.  C.     (Patent  No.  386,389;  July  17,  1888.) 

The  Maloney  Tie. — This  is  a  cross-tie  of  cruciform  section,  the  upper  vertical  flange 
being  cut  away  in  two  places  to  allow  the  rail  to  rest  on  the  horizontal  web.  The 
dimensions  are  as  follows  :  Length,  6  feet  6  inches;  width,  9  inches;  top  and  bottom 
flanges  each  1^  inches  high.  The  thickness  is  one-fourth  inch,  increased  to  one-half 
inch  at  the  rail  seats.  The  rails  are  fastened  by  flat  clamps,  which  are  bolted  to 
the  top  flange  of  the  tie.^  The  ties  are  to  be  rolled,  the  cutting  for  the  rails  and 
boles  for  bolts  being  made  during  the  operation,  so  as  to  turn  out  a  finished  tie  from 
the  rolls.  The  four  clamps  for  each  tie  weigh  about  3  pounds,  and  the  fastening  of 
the  rail  is  claimed  to  be  very  efficient.  This  tie  was  invented  by  Mr.  M.  Maloney,  of 
Ironton,  Ohio.  He  reported  in  January,  1890,  that  he  was  negotiating  for  its  manu- 
facture, and  hoped  to  have  it  in  service  during  the  present  year.  (Patent  No.  395,447 ; 
January  1,  1889.) 

The  Flower-Heller  Tie. — This  is  a  cross-tie  in  the  form  of  a  hollow  box  of  rectangular 
section,  with  a  wooden  block  inside  under  each  rail.  The  top  of  the  box  is  cut  away 
to  allow  the  rail  flange  to  rest  on  the  wooden  block,  and  the  rail  is  spiked  to  this 
block  as  to  a  wooden  tie.  For  curves  the  tie  is  made  shallower  at  the  middle  than 
at  the  ends,  so  as  to  form  shoulders  to  resist  lateral  shifting  in  the  ballast.  The  pat- 
ents for  these  ties  are  owned  by  the  American  Metallic  Railway  Tie  Company,  230 
South  Fourth  street,  Philadelphia,  Pa.  (Patents  Nos.  386,119,  July  17,  1888,  and 
370192,  September  20,  1887.) 

Pheenix  Iron  Works. — In  June,  1889,  Mr.  Amory  Coffin  stated  that  metal  ties  were 
being  used  on  all  the  new  track  being  built  around  the  works.  There  are  several 
miles  of  narrow-gauge  track,  and  as  fast  as  the  wooden  ties  give  out  they  are  re- 
iijL'-wed  with  metal.  Channel-bars  are  used  6,  8,  or  9  inches  wide ;  of  ordinary  weight 
per  yard,  say  40  to  GO  X'ounds. 

The  Price  system. — This  system  consists  of  a  longitudinal  under  each  rail,  made  of 
a  strip  of  steel  bent  or  corrugated  to  form  a  series  of  troughs,  open  altei-nately  at 
toj)  and  bottom.  The  sides  of  the  troughs  are  flaring,  the  open  parts  being  widest. 
The  strip  has  a  rib  on  each  edge.  The  rails  are  secured  by  bolted  clamps.  The 
length  of  each  stringer  or  longitudinal  is  about  30  feet.  Light  steel  cross-ties  are 
placed  at  intervals.  The  ballast  is  intended  to  be  filled  in  to  the  top  of  the  longi- 
tudinal. This  system  is  owned  by  Mr.  James  M.  Price,  1719  North  Eighteenth  street, 
Philadelphia,  Pa. 

The  Iloffmeier  system. — This  system  consists  of  cross-ties  with  arms  at  each  end. 
The  arms  of  adjacent  ties  dovetail  together,  forming  a  continuous  stringer  or  longi- 
tudinal under  eacli  rail.  The  ties  and  longitudinals  may  be  of  various  sections,  and 
various  forms  of  fastenings  may  be  used.  The  inventor  is  Mr.  A.  K.  Hofl'meier,  of 
Lancaster,  Pa. 

The  Holland  system. — This  consists  of  round  or  elliptical  castings,  with  a  dome- 
shaped  diaphragm  in  each.  The  space  above  the  diaphragm  is  filled  with  concrete 
or  asphalt.  The  castings  are  not  placed  opposite  one  another  in  the  track,  but  are 
staggered.    They  are  connected  by  tie-bars.     The  system  is  the  invention  of  Mr. 
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Robert  M.  Holland,  of  Philadelphia,  who  also  has  a  patent  on  a  crosK-tie.  (Patent 
No.  6(i,711;  July  16,  1867.) 

The  Schojield  Tie  (See  plate  No.  30). — This  cross-tie  is  of  iron  or  steel,  of  deep  in- 
verted-trough section,  with  horizontal  tlanges  on  the  bottom  edges.  Each  rail  is 
fastened  by  two  clamps  three-eighths  inch  by  2i  inches,  fastened  by  two  tive-eighth- 
inch  bolts  each.  The  tie  is  5  feet  6  inches  long,  one- fourth  inch  thick,  and  weighs  50 
pounds.  It  is  estimated  to  have  a  life  of  fifty  years  and  to  be  worth  50  cents  when 
worn  out.  It  is  proposed  to  use  three  iron  ties  to  a  rail  length  of  30  feet,  replacing 
three  wooden  ties,  in  order  to  increase  the  safety  of  ordinary  track  at  small  expense. 
It  is  reported  that  they  are  to  be  used  in  some  special  places  on  the  Lookout  Mount- 
ain Railway,  near  Chattanooga,  Tenn.  These  ties  are  being  manufactured  by  the 
Schofield  Metal  Cross- Tie  Company,  of  Chattanooga,  Tenn.  (Patent  No.  230,8*26; 
August  3,  1880.) 

The  Brandwood  Tie. — This  is  a  cross-tie  of  iron  or  steel  with  a  section  at  its  middle 
part  of  the  form  of  a  cross  •\-  and  with  the  ends  turned  down.  At  each  end  of  the  tie 
is  formed  a  hollow  "box"  deeper  than  the  other  portions  of  the  tie,  and  the  horizoulal 
part  of  the  tie  is  widened  at  the  ends  to  form  a  plate  around  each  box  and  to  give 
ample  bearing  on  the  ballast.  The  bottom  of  the  box  is  closed  and  has  a  rib  of  /\ 
section  under  the  rail.  Each  rail  is  carried  ©n  two  clamps,  the  top  of  which  is  of 
f — '  shape  to  hold  the  rail  flange,  and  has  a  long  lower  leg  of  wedge  form  which  tits 
into  the  box.  The  rib  in  the  bottom  of  the  box  forces  the  lower  legs  of  the  clamps 
apart,  causing  the  npperpart  to  grip  the  rail  tightly,  especially  when  the  weight  of 
a  train  comes  upon  the  rails.  Wooden  blocks  are  placed  between  the  backs  of  the 
wedges  and  the  sides  of  the  box.  At  rail  joints  the  upper  part  of  the  clamps  is  made 
of  extra  length,  to  give  a  good  hold  on  the  rail  ends.  No  splice  bars  or  bolts  are  used. 
The  "  box  "  is  rather  wider  at  the  middle  than  at  the  sides,  so  that  in  renewals  the 
clamps  may  be  easily  knocked  loose  from  the  sides  of  the  box  and  withdrawn,  thus 
obviating  one  of  the  defects  said  to  exist  with  the  Travis  tie,  that  the  clamps  became 
wedged  so  tightly  in  the  boxes  that  they  could  not  be  removed.  This  tie  was  designed 
as  an  improvement  on  the  Travis  tie.  (See  p.  283  and  patent  No.  206,647)  by  Mr.  E. 
Brandwood,  of  Philadelphia,  Pa.,  and  patented  December  9,  1890.     (No.  442,416.) 

Southern  Pacific  Railway.— It  is  reported  that  trials  of  metal 
track  are  likely  to  be  instituted  ou  the  Southern  Pacific  system. 

Lookout  Mountain  Railway. — Ou  this  standard-gauge  road  up 
Lookout  Mountain,  near  Chattanooga,  Tenn.,  some  metal  ties  are  to  be 
tried  in  special  places.    (See  "  Scofield  "  tie.) 

CANADA. 

Metal  track  has  not  been  introduced,  and  in  fact  has  probably  never 
been  considered  with  a  view  to  its  introduction  or  a  practical  trial.  A 
prominent  engineer,  Mr.  Thomas  C.  Keeftr,  writes  as  follows : 

I  do  not  believe  metal  ties  have  been  used  in  Canada.     We  have  not  even  creosoted 
ties  yet.    With  white  oak  ties  at  50  cents,  and  tamarack  and  cedar  at  20  cents,  oar 
railways,  always  living  from  hand  to  month,  have  never  thought  of  anything  else. 
22893— Bull.  4 19 


TABULAR  SUMMARY  OF  METAL  TRACK. 


Tbe  following  is  a  table  giving  a  summary  of  the  figures  presented 
in  the  first  parts  of  the  report,  showing  that  of  the  total  length  of  rail- 
ways in  the  world  (exclusive  of  the  United  States  and  Canada)  about 
13.21  per  cent,  of  the  mileage  is  laid  with  metal  track.  The  tigurt's  of 
the  totals  given  can  only  be  approximate,  in  consequence  of  omissions, 
incomplete  data,  and  lack  of  figures  brought  up  to  the  same  recent  date. 
The  totals  are,  in  all  probability,  considerably  below  the  actual  mileage, 
as  shown  by  the  figures  for  Germany  and  Switzerland.  In  the  latter 
case  the  total  compiled  from  data  relating  to  the  several  railways,  as 
given  in  my  report,  is  nearly  100  miles  below  the  actual  total  oflBcially 
reported.  It  must  also  be  borne  in  mind  that  the  use  of  metal  track  is 
being  continually  extended.  -     ...^^-»   / 

Section  1 . — Europe. 


Countries. 

Longitudi- 
nals. 

Bowls  and 
plates. 

Cross  ties. 

Total  metal 
track. 

Total 
track. 

Great  Britain 

Miles. 

Miles. 

Miles. 

70.00 

52.12 

321.  36 

115. 50 

5,  224. 12 

56.37 

303.98 

7.10 

.02 

Miles. 

70,00 

52. 12 

329.  42 

115.50 

8,  786.  64 

122.93 

*3!I7.  40 

258.78 

.02 

Miles. 
20, 000 
21  TOO 

France 

Holland 

8.06 

3,218 

:i,  544 

3,  562. 52 

66.  56 

.25 

25,  144 

14  942 

1,810 

Spain 

251.68 

5  772 

Portugal 

1   120 

Italy 

7,292 

Sweden  and  Norway 

.50 
18.10 

.50 
18.10 

5,544 

Denmark 

1, 24S 

Ilussia 

17,  682 

865 

Turkey 

70.68 

70.68 

Soumauia 

1  491 

Servia 

321 

Greece 

3?0 

1 

Totals  of  Europe 

3,037.39 

251.68 

6,  239. 85 

10,222.09 

132,071 

*  Official  statement  of  totals. 
Section  2. — Africa. 


Countries. 


Egypt 

Algeria 

Tunis 

Abyssinia 

Portuguese  Territory  (South  Africa) 

Natal .. 

Cape  Colony 

South  A  frican  Republic  (Transvaal) . . 

Keuniou 

Senegal 

Mauritius 


Totals  for  Africa 
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Bowls  and 
plates. 


Miles 
851. 75 


80.00 


62.00 


093. 


Cross-ties. 


Miles. 
36.25 
120.  00 


14.25 
47.75 


36.50 
40.50 


2.50 


Total  metal 
track. 


Miles. 
887. 00 
120.00 


14.23 
47.75 


116.50 

40.50 

62.00 

2.50 


2^6.75  ,      1,290.50 


Total 
track. 


Miles. 
1,228 

J       1,538 

14 

5(ii 

217 

1,736; 

4i5 
78 

2!I0 
5,  202 


291 

Section  3. — Auatralaaia. 


CoiintricB. 


South  Australia  .. 

QueeuHlaud 

>iew  South  Wales. 

Victoiiiv 

"West  Australia  ... 

Kew  Zealand 

Tasmania 


Totals  for  Australasia . 


Cross-ties. 


Milet. 


140 
40 


186 


Total  metal 
track. 


MiU$. 


140 
40 


186 


Total 
track. 


MiUt. 
1,824 
2, 103 
2,108 
2,167 

160 
1,843 

375 


10,640 


Section  4. — Asia. 


Countries. 


British  India 

Ceylon 

Sumatra 

Java  and  Dutch  Possessions 

Malay  States 

China 

Japan  

Asia  Minor 

Asiatic  Russia 

Cochin  China 


Totals  for  Asia 


Bowls  and 
plates. 


Miles. 
5, 312, 2o 


5,  312.  25 


Cross-ties. 


Miles. 
3,912.25 


90.00 


4,  002. 25 


Total  metal 
track. 


Miles. 
»,  224.  50 


90.00 


9, 314.  50 


Total 
track. 


Miles. 

15,245 

182 

90 

720 

31 

85 

896 

372 

960 

525 


19,106 


Section  5. — South  America,  Central  America,  and  Mexico. 


Countries. 

Bowls  and 
plates. 

Cross-ties. 

Total  metal 
track. 

Total 
track. 

Miles. 
3,  350. 15 

Miles. 
193. 41 

Miles. 
3, 513.  56 

Miles. 
4,650 
90 

345 

Chili 

1.00 

1.00 

1  650 

837 

. 

43 

82.46 

3.72 

86.18 

6,070 

91 

23 

23.00 

57.25 

80.25 

182 

164 

25 

Costa  Rica 

115 

32 

105 

37 

77.00 

77.00 

5,000 

Totals 

3,455.61 

332.38 

3,787.99 

19,461 

Section  6. — North  America. 


Conntries. 

Cross-ties. 

Total  metal 
track. 

Total 
track. 

United  States 

MiU: 
2.00 

Miles. 
2.00 

Mile$. 
161,  000 

Canada .. 

13,165 

Totals  of  North  America ....... 

2.00 

2.00 

174,165 
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Summary  of  totals. 


Section. 

Longitudi- 
nals. 

Bowls  and 
plates. 

Cross-ties. 

Total 
metal 
track. 

Not 

Miles. 
3, 637.  39 

MiUs. 
251.68 
993.  75 

MiUs. 

6,  '239. 85 
296.75 
1>6.00 

4,  002. 25 

332. 38 

2.00 

Miles. 
10,  222. 09 
1, 290. 50 

No.  2 

No.  3 ". 

No.  4 

5,  zii  25 

3,455.61 

9  314  50 

No.  5 

3,  787.  <.0 
2  00 

No.  6 : 

Total 

3,637.39 

10,013.29 

11,059.23 

24, 803. 08 

Note. — The  use  of  iongiturtinals  is  being  abiindoned.  The  bowls  and  plates  are  maiuly  in  service 
iu  hot  fountries,  with  special  conditions  of  traffic,  as  in  India  and  South  America.  The  cross-ties  are 
used  under  conditions  of  climate,  traffic,  etc.,  must  nearly  according  to  the  conditions  obtaining  in 
this  country. 

Percentage  of  metal  track  mileage. 


Section : 

No.  1, ... 

No.  2... 

No.  3... 

No.  4... 

No.  5... 

No.  6  ... 
West  Indies. 


Total. 


Total 
metal 
track. 


Miles. 

10,  222.  09 

1,  290.  50 

186.00 

9,  314.  50 

3, 787. 99 

2.00 


24, 803.  08 


Total 
track. 


Miles. 

132,  071 

5,202 

10,  640 

19, 106 

19,461 

174,^65 

1,241 


361,  886 


Percent- 
age of 
metal 
track. 


7.74 
24  80 

1.75 
48.75 
19.46 


6.85 


Total  mi'.eageof  railway  with  metal  track miles.- 

Total  mileage  of  railways  of  the  world  (exclusive  of  United  States  and  Canada).  —  miles . . 
Percentage  of  railway  with  metal  track  (exclusive  of  United  States  and  Canada)  per  oent. . 


24,  800 

187.721 

13.21 


P^ET  II. 


GENERAL  REVIEW  OF  THE  METAL  TRACK  QUESTION. 


Genebai,  Remarks. — In  view  of  the  information  and  statistics  pre- 
sented in  this  report,  there  can  be  no  doubt  that  the  use  of  metal  track 
for  railways  has  reached  a  stage  beyond  that  of  mere  experiment,  and 
that  satisfactory  results  may  be  obtained  with  such  track  under  certain 
conditions.  Experience  (under  various  conditions)  has  conclusively 
demonstrated  the  fact  of  the  practicability  of  employing  metal  as  a  sub- 
stitute for  wood,  for  supporting  the  rails  of  railways.  Not  only  has 
the  practicability  of  using  such  track  been  shown,  but  also  its  advan- 
tages in  economy,  efficiency,  and  safety.  That  the  experimental  stage 
has  been  passed  is  shown  by  the  extent  to  which  this  kind  of  track  is 
in  use,  and  its  steadily  increasing  introduction.  It  remains  now  for  us 
to  profit  by  the  experience  already  on  record,  making  use  of  the  im- 
l)rovements,  modifications,  and  warnings  suggested  thereby  in  our  act- 
ual practice.  The  main  advantages  presented  by  a  good  system  of 
metal  track  are  as  follows :  (1)  Reduced  expenses  for  maintenance  and 
renewals,  owing  to  the  solid  construction  and  the  greater  durability  of 
the  parts ;  (2)  a  better  class  of  track,  owing  to  improved  fastenings, 
etc.,  and  the  fact  that  the  road-bed  is  not  torn  up  (as  with  wooden  ties) 
for  frequent  renewals,  so  that  it  gives  the  best  road  with  the  least  amount 
of  work  for  maintenance ;  (3)  increased  safety  for  traffic,  owing  to  the 
superiority  of  the  fastenings  over  those  used  with  wooden  ties.  Metal 
tie-plates  and  improved  fastenings  are  being  introduced  in  this  country 
and  abroad,  to  increase  the  efficiency  of  track  on  wooden  ties,  but  the 
standard  track  of  the  future,  for  main  lines  with  heavy  traffic  at  least, 
will  probably  be  laid  with  metal  ties.  It  has  been  pointed  out  that  the 
use  of  metal  ties  would  have  a  beneficial  efifect  on  the  iron  trade,  as  the 
ties  (except,  perhaps,  some  lots  imported  for  experiment)  would  be 
manufactured  in  this  country. 

In  nearly  all  the  principal  countries  of  the  world,  and  in  many  of  the 
smaller  countries,  experiments  have  been  made  on  a  sufficiently  large 
scale  to  enable  reliable  conclusions  to  be  drawn  as  to  the  merits  and 
demerits  of  the  numerous  systems  of  track  which  have  been  experi- 
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raented  with.  It  may  be  noted  as  of  special  significance  that  in  Hol- 
land, a  country  without  home  manufacture  of  metal  ties,  but  possess- 
ing ample  resources  of  native  and  foreign  timber  at  cheap  rates,  all  the 
railway  companies  have  used  metal  ties  for  a  number  of  years,  and  that 
without  pressure  from  the  Government;  the  companies  having  consid- 
ered this  step  to  be  in  their  own  interest.  Mr.  Bricka,  in  his  report  to 
the  minister  of  public  works,  France,  in  1885,  stated  that  the  progress 
in  this  direction  had  been 'such  that  already  some  railways  in  Germany, 
Holland,  and  Switzerland  had  decided  to  abandon  the  use  of  wooden 
ties.  In  connection  with  the  favorable  opinions  expressed  by  engineers 
in  these  countries,  it  is  to  be  considered  that  in  Switzerland  aud  some 
parts  of  Germany  where  metal  ties  are  used  there  are  no  irou  or  steel 
works,  and,  therefore,  the  fostering  of  a  local  industry  had  no  influence 
on  the  opinions  expressed,  while  Switzerland  especially  has  plenty  of 
timber.  Mr.  Post,  in  a  paper  written  in  1885,  stated  that  if,  in  compar- 
ing the  costs  of  different  systems  of  track,  account  was  taken  in  each 
case  of  the  different  details  (first  cost,  transportation,  laying,  mainte- 
nance, renewals,  interest,  selling  price  of  old  material,  etc.)  it  would  be 
seen  that  there  are  few  countries  where  the  exclusive  use  of  wood  for 
ties  is  really  economical  in  the  broad  meaning  of  the  word.  This  is 
specially  evident  as  to  hot  countries  where  insects  aud  atmospheric  in- 
fluences effect  a  rapid  destruction  of  wooden  ties. 

In  this  country,  railway  men  are  very  generally  inditt'erent  to  this 
matter,  or  are  waiting  for  a  perfect  tie  to  be  brought  to  them.  Among 
the  reasons  for  this  indifference  has  been  the  apparent  abundance  of 
our  timber  resources.  But  attention  has  now  been  drawn,  especially  by 
the  Department  of  Agriculture,  to  the  great  destruction  of  these  re- 
sources and  the  serious  results  of  the  denudation  of  large  tracts  of  forest 
land.  Other  reasons  have  been  the  greater  first  cost  of  metal  ties  and 
the  need  of  cheapness  in  railway  construction.  These  considerations 
have  some  weight  still,  Duton  main  lines,  with  heavy  traffic,  economical 
construction  has  become  the  main  consideration  rather  than  cheap  con- 
struction. 

A  few  practical  experiments  with  different  forms  of  cross  ties  have 
been  made  and  are  now  in  progress.  Other  trials  have  also  been  made 
from  time  to  time  with  a  small  number  of  ties,  but  these  experiments 
are  on  too  limited  a  scale  to  allow  any  definite  conclusions  and  are  gen- 
erally conducted  without  much  regard  to  i)ractical  results.  If  a  metal 
tie  could  be  designed  and  constructed  that  would  meet  at  once  all  the 
requirements  and  answer  all  the  objections,  it  would  have  a  fair  chance 
of  being  adopted.  But  it  must  be  remembered  that  engineering  is  to 
a  grefit  extent  the  science  of  development.  As  the  metal  rail  has  been 
developed  from  the  wooden  rail,  so  has  the  metal  tie  been  developed 
from  the  wooden  tie.  These  developments  have  been  by  "  trial  and 
error,"  and  it  is  practically  an  impossibility  for  a  metal  tie  to  be  devised 
at  once  that  will  be  successful  in  every  way. 
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The  ties  that  are  now  used  with  success  in  other  countries  are  modi- 
fications and  improvements  of  those  first  tried,  and  thus  by  degrees  a 
really  efficient  tie  has  been  obtained.  In  this  country  there  have  been 
discussed  in  the  technical  press  various  claims  made  by  inventors  for 
forms  of  ties  existinfj  only  on  paper  or  in  niiniature.  It  is  probable 
that  few  of  the  ties  desij^ned  and  patented  here  have  much  real  merit, 
as  so  many  are  invented  by  persons  unacquainted  with  the  requirements 
to  be  met  or  the  conditions  to  be  considered.  Of  the  few  that  possess 
merit  it  may  be  said  with  reasonable  certainty  that  actual  trial  will 
result  in  considerable  modifications  being  made  of  the  original  design. 
Such  trial  may  show  that  an  apparently  i)oor  type  of  tie  may  be  made 
valuable  by  some  modifications,  or  that  a  tie  of  apparently  good  type 
is  a  failure  in  practice. 

Among  the  requirements  for  a  successful  tie  may  be  enumerated 
the  following :  (1)  Heavy  enough  to  hold  the  rails  down  well  and  make  a 
firm  track;  (2)  light  enough  to  be  of  reasonable  cost;  (3)  metal  enough 
to  stand  wear  and  tear  and  give  ample  strength :  (4)  easy  of  manu- 
facture, and  requiring  a  minimum  of  shop- work ;  (5)  not  liable  to  laterhl 
motion  in  the  ballast ;  (0)  easy  to  be  laid,  removed,  or  ballasted  ;  (7)  fast- 
enings simple  and  efficient,  with  as  few  parts  as  possible,  capable  of 
adjustment  for  widening  the  gauge  at  curves  etc. ;  (8)  price  such  as  to 
enable  an  actual  ultimate  economy  to  be  shown  to  the  engineers  and 
financial  oflScers ;  (9)  proper  quality  of  metal  to  sustain  shocks  with- 
out injury;  (10)  elasticity  enough  to  give  an  easy-riding  track.  The 
following  is  a  partial  summary  of  the  conclusions  of  the  report  made 
by  Mr.  Bricka  in  1885  : 

(1)  The  ties  should  be  of  mild  steel,  to  the  exclusion  of  wrought  iron. 

(2)  Ties  of  the  original  Vautherin  type  may  be  employed  for  sand  and  fine  gravel 
ballast,  but  for  coarse  gravel  or  broken  stone  they  should  be  without  the  bottom 
flanges.     The  Post  and  Berg-and-Mark  ties  are  the  best  modifications  of  this  type. 

(3)  They  should  be  at  least  8.2  feet  long  and  8.8  or  9.2  inches  wide.  The  ends 
should  be  closed,  but  the  use  of  extra  cross-pieces  inside  is  not  necessary. 

(4)  The  thickness  should  not  be  less  than  .28  or  .32-inch,  and  should  be  at  least 
.40  inch  under  the  rail ;  it  may  be  reenforced  by  alongitudal  rib  under  the  top  table, 
or,  better,  by  the  Post  system  of  rolling  the  rail-seat  of  extra  thickness.  The  extra 
thickness  must  not  involve  unreasonable  expense.     The  ties  are  rolled  and  punched. 

(5)  For  flange  rails  the  inward  inclination  is  best  given  by  an  extra  thickness  of 
metal  at  the  rail-seats ;  the  use  of  tie-plates  is  considered  preferable  to  bending  the 
tie  at  the  rail-seats. 

(6)  The  weight  should  not  be  less  than  110  pounds,  but  it  has  been  proposed  to 
reduce  it  below  this  reasouable  minimum.  A  weight  of  about  I'^l  or  132  pounds,  or 
even  more,  is  preferable  for  main  lines. 

(7)  The  best  systems  of  fastenings  for  flange  rails  are  the  Ruppel  system,  used  on 
the  Prussian  State  Railways,  and  the  Heindl  system,  of  the  Austrian  State  Railways; 
nearly  all  the  bolt  systems  have  given  good  results. 

(8)  The  use  of  metal  ties  does  away  with  use  of  the  chairs  for  double-headed  rails, 
and  the  combination  of  flange  rails  on  these  ties  is  simpler  and  less  expensive. 

(9)  The  price  of  the  ties  should  not  exceed  $^{2  to  $34  per  ton,  and  that  of  the 
small  material  $50  to  $70  per  ton.     (These  prices  are  for  Franco,  1885.) 
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(10)  The  life  of  metal  ties  is  at  least  thirty  years,  or  double  that  of  oak  tics.  It  cau 
bo  shown  that  the  tise  of  steel  ties  weighing  121  to  132  pounds  is  not  more  expensive 
than  oak  ties  when  the  latter  cost  $1.10  each  and  the  former  $32  per  ton. 

(11)  The  track  on  metal  ties  is  as  stable  as  but  no  harder  than  that  on  wooden  ties, 
and  it  behaves  better  in  case  of  derailment.  When  the  track  is  established  in  good 
condition  the  labor  of  maintenance  does  not  cost  n: ore  than  with  track  on  woodt-n 
ties;  it  is  probably  more  economical. 

(12)  The  ties  may  be  laid  in  ballast  of  any  permeable  material.  A  good  splicing 
of  the  rail-joints  is  necessary  with  this  form  of  track. 

Mr.  Bricka  considereil  that  engineers  should  make  themselves  thor- 
oughly acquainted  with  results  already  obtained  before  introducing 
metal  track  for  themselves.  For  careful  comparisons  of  maintenance 
expenses  he  suggested  trial  sections  of  G  or  9  miles,  with  varying  condi- 
tions of  alignment,  profile,  ballast,  etc.;  the  expense  of  such  trials  would 
be  small  in  comparison  with  the  end  to  be  attained. 

Elasticity  is  necessary  to  make  an  easy-riding  track  and  prevent  any 
additional  wear  of  the  rolling-stock.  Ties  of  polygonal  or  trough  sec- 
tion, such  as  those  of  the  Post  and  Vautherin  types,  are  said  to  be 
especially  elastic.  The  track  on  metal  ties  on  the  Central  Kailway  of 
Switzerland  is  said  to  be  even  more  elastic  than  that  on  wooden  ties. 
It  has  been  stated  that  a  metal  track  would  be  too  severe  on  the  rolling- 
stock  and  too  rigid  for  rapid  traflBc,  but  experience  does  not  support 
this  statement.  In  England  trains  run  at  a  speed  of  nearly  60  n  iles 
an  hour  on  metal  track ;  on  the  European  continent  the  speed  ^•aries 
from  37  to  45  miles  per  hour. 

Eust  is  only  experienced  to  a  comparatively  limited  extent  with 
wrought-iron  ties  and  hardly  at  all  with  mild  steel.  It  is  mainly  pro- 
duced, as  with  rails,  in  damp  tunnels  or  in  cinder  ballast,  owing  to  the 
sulphuric  acid  and  carbonic  acid  in  the  smoke  and  ashes.  Wearing  at 
the  rail-seats,  and  longitudinal  cracks  at  the  same  place,  are  not  expe- 
rienced with  mild  steel  as  with  iron.  The  greatest  probable  trouble  is 
from  the  wear  of  the  holes  for  the  fastenings,  but  this  may  be  reduced 
to  a  minimum  by  proper  construction. 

Simplicity  in  design,  manufacture,  fastenings,  and  the  arrangement 
of  parts  is  especially  to  be  aimed  at,  with  due  regard  to  practical  re- 
quirements for  strength,  etc.;  and  the  simplest  system  designed  with 
such  regard  will  probably  give  the  best  results  in  economy  and  effi- 
ciency. In  some  systems,  however,  this  principle  of  simplicity  has 
been  carried  too  far,  allowing  no  loose  parts  at  all ;  the  rails  are  either 
held  by  tie-bars  with  hooked  ends  or  are  sprung  into  place  between 
fixed  lugs  or  the  ties  are  laid  diagonally  to  let  the  rail  fit  onto  its  seat 
and  are  then  shifted  to  their  proper  position,  bringing  the  lugs  to  over- 
lap the  rail  flange.  Such  methods  may  do  for  very  light  rails,  but  are 
hardly  adapted  for  heavy  traffic.  With  some  forms  of  truck  special 
ties  are  required  at  curves ;  this  is  a  very  serious  objection,  as  it  not 
only  increases  the  shop-work  and  expenses,  but  also  makes  more  work 
and  is  likely  to  cause  continual  trouble  in  track-laying.    All  the  ties, 
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except  those  at  frogs  and  switches,  should  be  of  precisely  the  same  size 
and  form,  and  adjustment  of  the  gauge  should  bo  effected  by  means  of 
the  fastenings  of  the  rails.  In  some  European  countries  this  question 
of  simplicity  appears  to  be  a  very  secondary  consideration,  and  there  is 
a  growing  tendency  towards  tlie  greater  complication  of  the  track  by 
various  forms  of  tie-plates,  clamps,  etc.  The  steel  cross-ties  of  the 
Indian  State  Railway  and  the  local  rail  ways  of  Belgium,  however,  make 
a  track  which  is  very  simj^le  in  construction  and  which  has  shown  its 
efficiency  in  actual  ser\'ice. 

Metal  ties  will  have  a  much  longer  life  than  wooden  ties,  and  the  old 
material  will  have  a  considerable  market  value.  The  actual  life  of 
metal  ties  has  not  been  determined,  as  the  older  forms  were  not  adapted 
to  the  conditions  of  modern  traffic  and  rolling  stock,  and  the  newer 
forms  have,  as  a  rule,  only  been  in  service  from  five  to  ten  years.  Some 
of  the  older  ties  have  been  in  service  for  fifteen  to  twenty-five  years,  as 
in  Holland  and  Algeria.  In  Germany  their  life  is  estimated  at  between 
thirty  and  forty  years,  although  on  the  Elberfeld  division  of  the  Prus- 
sian state  railways  it  is  not  considered  that  they  will  last  more  than 
fifteen  years,  or  the  same  time  as  the  best  oak  ties.  A  life  of  fifty  years 
is  sometimes  estimated,  and  it  is  possible  that  ties  of  good  design  and 
material  and  under  favorable  conditions  may  come  up  to  this  estimate. 
The  steel  ties  now  being  tried  on  the  New  York  Central  Railway  are 
estimated  to  have  such  a  life.  The  life  of  rails,  however,  is  said  to  be  less 
when  laid  on  metal  ties  than  on  wooden  ties,  owing  to  more  rapid  wear. 
Mr.  Oouard,  of  the  Paris,  Lyons  and  Mediterranean  Railway,  Prance, 
has  compiled  statistics  showing  this  rjsult,  and  similar  results,  but  to  a 
less  extent,  have  been  noted  on  the  Korthern  Railway  of  Austria.  The 
quality  and  character  of  the  material  of  the  rails,  however,  is  a  point 
of  very  great  importance  in  consideration  of  this  question. 

The  question  of  metal  track  was  among  the  subjects  considered  at  the 
International  Railway  Congress,  in  1885  and  1887.  The  conclusions  of 
the  congress  held  at  Brussels,  Belgium,  in  1885,  were  as  follows: 

(A)  The  congress  is  of  opinion  that  tracks  on  metal  cross-ties,  considered  from  a 
technical  point  of  view,  can  compare  favorably  with  tracks  on  wooden  tics,  both  for 
lines  with  heavy  traffic  and  for  lines  with  light  traffic.  The  congress  is  also  of  opin- 
ion that  the  tracks  on  metal  ties  can  also  compare  favorably  with  those  on  wooden 
ties  from  a  financial  point  of  view;  but  it  is  well  in  each  particular  case  to  make  a 
comparison  between  the  two  types  of  tracks,  taking  into  account  the  cost  of  mate- 
rials, the  cost  of  labor  for  maintenance,  and  the  probable  durability  of  the  materials; 
the  result  of  the  comparison  will  show  which  type  of  track  should  be  adopted. 

(B)  The  congress  is  of  opinion:  (1)  That  for  main  lines  with  continuous  and  heavy 
traffic,  and  for  strategic  lines,  it  will  be  well  to  adopt  a  stronger  tie  than  that  for 
secondary  lines,  or  lines  with  lighter  traffic,  at  least  for  such  of  the  latter  tracks  as 
are  not  likely  to  become  main  lines  within  a  short  time.  For  lines  which  are  only 
secondary  provisionally,  the  resistance  of  the  track  may  be  diminished  until  the  line 
becomes  a  main  line,  by  increasing  to  a  certain  extent  the  spacing  of  the  ties.  (2) 
That  for  secondary  or  light  lines,  it  is  well  to  employ  ties  lighter  and  less  expensive 
than  those  adopted  for  main  lines,  lines  with  heavy  traffic,  or  strategic  lines. 
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(C)  As  to  tlio  most  favorable  form  and  dimensions  to  be  adopted  for  a  metal  crosd 
tie,  the  congress  is  of  opinion  that  the  results  of  experience,  so  far,  are  not  suffi- 
ciently conclusive  to  allow  of  the  recommendation  of  one  typo  to  the  exclusion  of 
others. 

The  opinions  of  the  congress  held  at  Milan,  Italy,  in  1887,  were  as 
follows : 

(A)  The  opinion  expressed  by  tlie  congress  of  1885,  as  to  the  relative  merits  of 
metal  and  ■wooden  ties  from  a  teclniical  point  of  view,  is  not  weakened  by  the  expe- 
I'ieuce  of  the  last  two  years ;  and  the  use  of  metal  ties  is  increasing. 

(B)  As  to  the  relative  cost  of  the  two  systems,  taking  into  account  the  net  coit 
and  the  durability,  the  result  is  a  question  of  the  typo  of  tie,  and  depends  entirely 
upon  local  circumstances  and  the  state  of  the  metal  market. 

(C)  As  to  the  mai'utenanee  expenses,  for  lining  and  surfacing,  the  question  does 
not  appear  to  be  sufficiently  demonstrated  for  lines  with  heavy  traffic  and  fast  trains. 
For  lines  with  moderate  traffic  and  slow  trains  the  opinion  of  the  majority  is  Ihat 
the  metal  ties  present  advantages,  especially  after  sufficient  time  has  elapsed  for  llie 
earthwork  and  road-bed  to  have  settled  to  a  good  bearing  and  for  the  fastenings  to 
have  become  Avell  consolidated. 

(D)  For  ties  of  the  Vautherin  or  inverted  trough  type,  it  appears  well  to  state  that 
the  use  of  a  homogeneous  metal  is  xlesirable. 

The  congress  held  at  Paris,  France,  in  1889,  arrived  at  the  following 
conclusions : 

While  metal  ti^kprcsent  many  favorable  and  advantageous  points,  the  experience 
with  them  has  noF  been  sufficient  to  justify  any  final  decision  in  their  favor  against 
wooden  ties.  Recommendations  were  made  that  each  management  should  siih^ct 
two  trial  sections,  1,640  to  3,28!>  feet  in  length,  and  lay  one  with  metal  ties  and  the 
other  with  wooden  ties  ;  both  sections  to  have  as  nearly  as  possible  the  same  condi- 
tions of  grade,  aligmient,  road-bed,  ballast,  and  traffic.  The  trials  should  last  long 
enough  to  enable  definite  conclusions  to  be  arrived  at.  The  special  points  to  be  con- 
sidered and  reported  upon  would  be  as  follows:  First  cost ;  cost  of  maintenance; 
cost  of  renewals  ;  approximate  life  of  ties  ;  effect  on  the  rails;  best  types  or  forms  of 
ties;  general  cost,  taking  renewals  into  account. 

Mr.  Bricka,  chief  engineer  of  the  French  state  railways,  estimated 
that  at  the  end  of  1884  there  were  12,400  miles  of  metal  track  through- 
out the  world,  of  which  6,200  miles  were  in  Europe.  The  tables  which 
I  have  compiled  for  this  report  show  a  total  of  24,800  miles  of  metal 
track. 

While  the  general  adoption  of  any  one  form  of  tie  can  not  be  pre- 
dicted with  any  certainty,  yet  the  combination  of  heavy  steel  flauge 
rails  and  steel  cross-ties  may  be  considered  as  the  standard  type  of 
track  of  the  future  for  main  lines  at  least.  At  a  meeting  of  the  Cleve- 
land Institution  of  Engineers  (England),  in  June,  1889,  Mr.  Jeremiah 


Note.— In  a  paper  on  "The  Improvement  of  Railway  Track,"  presented  at  a  meet- 
ing of  the  American  Society  of  Railway  Superiutoudents  iu  April,  1889,  I  called  at- 
tention to  the  importance  of  the  metal  track  question,  and  also  suggested  that  the 
committee  on  roadway  should  consider,  among  other  matters,  the  question  of  the 
advantages  of  steel  ties  for  main  lines  with  heavy  traffic  an<l  for  prairie  lines,  with 
the  desirability  of  making  any  recommendations  on  this  point  as  also  on  the  question 
of  metal  tie  plates  on  wooden  ties.  I  have  also  discnssed  this  question  in  a  paper  on 
"The  Improvement  of  Railway  and  Street  Railway  Track,"  read  at  the  annual  con- 
vention of  the  American  Society  of  Civil  Engineers  at  Seabright,  N.  J.,  in  June,  1889. 
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Head,  M.  Inst.  C.  E.,  the  eminent  engineer,  prophesied  that  the  stiuid- 
ard  track  of  the  future  would  consist  of  100-i)ound  rails,  laid  on  steel 
cross-ties. 

Apart  from  its  use  for  ordinary  railway  purposes,  however,  metal 
track  is  very  extensively  used  for  military  railways;  for  light  railways 
for  general  purposes,  such  as  feeders  to  main  lines,  etc. ;  for  street 
railways;  for  portable  railways  on  i)lantation8,  etc.;  and  for  con- 
tractors' temporary  lines.  Metal  ties  are  also  used  in  mines  and  col- 
lieries. 

Types  op  Track. — In  considering  the  results  obtained  by  past  ex- 
perience with  metal  track,  the  various  forms  already  tried  may  be 
divided  into  three  classes,  as  folio  (vs: 

1.  Cross-ties. 

2.  Longitudinals. 

3.  Bowls  or  plates,  arranged  in  pairs  and  connected  by  tie-rods  transverse  to 

the  track. 

(1)  Cross-ties. — This  is  by  far  the  most  extensively  used  of  any  of 
these  types,  and  it  has  been  more  rapidly  and  more  widely  introduced 
and  extended  than  either  of  the  others.  From  this  and  from  the  re- 
sults attending  the  trials  under  varying  conditions,  it  may  be  consid- 
ered that  this  is  the  most  advantageous  type,  and  will  be  the  standard 
type  for  metal  track.  In  saying  this,  it  must  be  clearly  understood  that 
it  is  the  type  ou\y  which  is  referred  to,  as  there  are  innumerable  forms 
and  patterns  of  cross  ties,  with  which  various  results  have  been  ob- 
tained, as  will  be  seen  from  this  report.  Track  of  this  typo  has  been 
tried  in  many  countries  and  has  proved  satisfactory  under  conditions 
of  the  most  widely  varyiug  character,  from  European  railways  with 
good  road-beds  and  heavy  rails,  carrying  heavy  traffic,  to  prairie  and 
hill  country  lines.  It  is  especially  significant  that  it  has  given  excel- 
lent results  and  has  been  widely  introduced  under  conditions  of  track, 
traGQc,  etc.,  which  are  practically  similar  to  the  conditions  which  would 
obtain  in  service  in  this  country.  This  type  of  track  has  been  so  widely 
used  that  the  various  forms  of  ties  can  not  well  be  summarized  here, 
but  some  notes  are  given  further  on,  and  full  particulars  are  given  in 
the  descriptions  of  the  experiments  made  on  different  railways,  as 
shown  in  Part  I. 

(2)  Longitudinals. — This  type  of  track  is  only  used  to  a  limited  ex- 
tent, and,  as  shown  by  special  reports  and  other  information,  their  use 
is  not  increasing.  The  construction  of  the  track  is  more  difficult  and 
requires  more  labor  than  that  with  cross-ties.  Maintenance,  renewals, 
and  repairs  are  less  easily  managed,  and  greater  care  must  be  paid  to 
the  ballasting  and  drainnge.  On  the  other  hand,  it  has  the  advantage 
of  giving  the  rails  a  continuous  support,  and,  consequently,  with  a  well- 
packed  road-bed,  would  make  a  very  smooth-riding  track,  but  probably 
at  a  higher  cost  than  an  equally  good  track  of  another  tyi)e.  The  con- 
struction of  the  road-bed  and  arrangement  of  the  ballast  involves  cou- 
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siderable  care  and  cost,  as,  owing  to  the  difficulty  of  drainage,  special 
means  have  to  be  taken,  by  tlie  use  of  courses  of  huge  rougli  stone  or 
drainpipes,  to  carry  water  away  quickly.  Longitudinals  have  been 
adopted  for  the  city  railway  of  Berlin,  Germany,  having  been  proved 
the  best  for  reducing  the  noise  of  passing  trains  on  this  viaduct  line 
connecting  main  lines  of  railway.  It  was  originally  thought  that  longi- 
tudinals would  make  a  better  and  cheaper  track,  avoid  shocks  at  the 
rail-joints,  and,  by  their  long  bearing  in  the  ballast,  require  less  work 
of  maintenance.  Also,  that  lighter  rails  could  be  used  with  the  con- 
tinuous bearing.  It  is,  however,  difficult  to  maintain  the  ballast  so  as 
to  keep  a  continuous  and  even  bearing  inside  the  longitudinal.  The 
economy  in  material  by  the  use  of  longitudinals  is  reduced  or  neg- 
atived by  the  necessity  of  using  transverse  connections  of  ties  or  tie- 
rods  to  hold  the  track  together  and  maintain  the  gauge.  This  system 
is  awkward  on  curves,  and  renewals  are  difficult.  Each  piece  must  be 
bent  hot  at  the  works,  or  hav^e  the  holes  for  the  rail  fastenings  made  to 
fit  a  certain  radius  of  curve.  In  a  report  on  a  derailment  accident,  in 
May,  1889,  on  the  East  Sooierset  Division  of  the  Great  Western  Kail- 
way  (England),  the  track  of  which  was  laid  with  bridge  rails  on  longi- 
tudinal timbers  connected  by  transoms.  Colonel  Rich,  the  government 
inspector,  stated  that  it  is  difficult  to  know  if  longitudinals  are  thor- 
oughly packed  until  the  trackmen  watch  an  engine  passing  over  the 
places  which  have  been  under  repair,  as  the  stififness  of  the  rail  and 
longitudinal  keeps  the  latter  level  when  it  may  not  be  properly  packed 
with  ballast  underneath. 

(3)  Bowls  and  plates  have  been  extensively  used  and  have  given  good 
results,  but  only  under  certain  conditions.  They  have  been  used  in 
India,  South  America,  South  Africa,  and  Egypt.  The  bowls  were 
originally  designed  for  sand  ballast,  which  answered  very  well ;  in 
India  trouble  was  experienced  from  the  sand  flying  up  through  the  tamp 
iug  holes  and  causing  injury  to  the  running  gear  and  journals  of  the 
rolling  stock,  but  a  few  inches  of  broken  stone  or  brick  reduced  this 
trouble.  With  broken-stone  ballast,  however,  this  track  did  not  answer 
well.  In  the  Argentine  Republic,  where  the  surface  soil  or  black  loam 
is  the  only  material  available  for  ballast,  the  bowls  have  been  used 
with  great  success;  but  even  there  steel  cross-ties  are  now  being  intro- 
duced. The  objections  to  the  bowls  in  India  led  to  the  designing  of  a 
form  of  plates  (Denham-Olpherts  system)  with  which  good  results  have 
been  obtained.  It  is  not  likely  that  this  type  of  track  will  be  adopted 
to  any  extent.  The  type,  however,  is  said  to  be  the  most  economical  in 
material,  giving  ample  bearing  to  each  rail  and  eliminating  unneces- 
sary metal  between  the  rails.  This  may  be  correct  under  certain  con- 
ditions, as  with  very  light  traffic,  but  under  even  moderately  heavy 
traffic  such  track  can  not  be  as  firm  or  stable  as  track  in  which  both 
rails  are  securely  attached  to  the  same  piece  of  metal.  The  transverse 
connection  is  necessarily  imperfect,  and  does  not  insure  the  correct  re- 


301 

lation  of  level  of  the  two  lines  of  rails.  The  track  is  relatively  cheap, 
easily  laid  and  maintained;  the  latter  are  important  features  in  coun- 
tries where  skilled  labor  is  not  plentiful.  Bowls  were  first  designed  by 
Mr.  Greaves,  and  early  experience  showed  that  care  was  necessary  to 
have  the  holes  and  attachments  cast  accurately  as  to  size  and  position, 
and  the  holes  in  the  tie-bars  also  accurately  placed  ;  carelessness  iu  this 
respect  has  caused  serious  trouble  on  some  roads  in  India. 

Material. — The  question  of  the  material  to  be  used  for  metal  track 
is  one  of  very  great  importance.  Cross  ties  were  at  first  made  of 
wrouglit  iron,  but  with  the  introduction  of  processes  for  making  mikl 
steel  at  a  low  cost  this  material  began  to  be  used,  and  has  now  practi- 
cally superseded  iron.  The  engineer  of  the  Great  Central  Railway  of 
Belgium,  however,  considers  iron  preferable.  The  steel  used  is  made 
by  the  Bessemer,  Thomas,  or  Siemens-Martin  processes,  and  must  be  of 
a  mild  grade.  This  material  possesses  the  qualities  of  homogeneity, 
malleability,  and  ductility.  (As  several  translators  have  erred  on  this 
important  point,  I  may  mention  here  that  "  flusseisen"  is  the  Germau 
technical  term  for  "  mild  steel.")  Mr.  Post,  of  the  ^Netherlands  state 
railways,  considers  that  the  metal  should  be  capable  of  resisting  a  ten- 
sile strain  of  25.4  to  28.6  tons  per  square  inch,  with  a  minimum  contrac- 
tion of  30  to  40  per  cent.  The  steel  for  ties  of  the  Indian  State  Rail- 
way pattern,  for  India,  for  the  Mexican  Railway,  and  for  the  Santa  F6 
and  Cordoba  Great  Southern  Railway  in  the  Argentine  Republic,  is 
specified  to  be  equal  to  a  tensional  strain  of  between  26  and  31  tons 
per  square  incb,  with  a  contraction  of  40  per  cent,  of  the  tested  area  at 
the  point  of  fracture.  Mr.  F.  L.  Delano,  of  the  bureau  of  rail  tests, 
Chicago,  Burlington  and  Quincy  Railway,  states  that  he  considers  that 
the  kind  of  metal  which  it  would  be  safe  to  use  depends  considerably 
upon  the  shape  of  the  tie ;  whether  from  its  shape  it  sustains  much 
flexure  in  use  or  is  pretty  stiff  and  rigid  ;  for  the  shapes  which  appear 
likely  to  come  into  general  use  he  thinks  that  a  .25  per  cent,  carbon 
Bessemer  steel  would  answer  the  purpose  well,  but  that  for  ties  which 
are  liable  to  considerable  flexure  a  milder  steel  would  probably  have  to 
be  used. 

Mr.  Bricka,  iu  his  report  to  the  minister  of  public  works  (France)  iu 
1885,  stated  that  the  tendency  to  fracture,  which  was  for  a  long  time 
considered  as  one  of  the  fundamental  objections  to  metal  ties,  had  dis- 
appeared since  the  employment  of  mild  steel;  the  ties  do  not  break 
even  in  cases  of  derailment.  In  some  such  cases  the  damaged  steel  ties 
were  straightened  out  to  proper  shape  and  put  back  in  the  track  where 
they  continued  to  give  good  service.  As  showing  the  malleability  and 
ductility  of  the  steel,  he  quotes  a  clause  generally  inserted  in  German 
specifications  for  mild  steel  ties,  which  explains  the  facility  with  which 
certain  forms  of  ties  requiring  bending  of  the  metals  are  made  iu  Ger- 
many.   Some  engineers  consider  that  the  operations  mentioned  do  not 
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affect  the  strength  of  the  tie,  but  Mr.  Bricka  thinks  it  doubtful  if  the 
luetal  does  not  suffer.    The  clause  referred  to  is  as  follows : 

A  tie  is  to  be  flattened  oat  cold  under  a  steel  hammer,  and  then  bent  double  at  the 
middle,  so  that  tlie  diameter  of  the  circle  at  the  part  bent  shall  not  exceed  three 
inches.  During  the  operation  the  metal  must  not  show  any  break,  crack,  or  lami- 
nation, but  must  remain  intact. 

In  a  note  ai)peiided  to  his  report  and  dated  October,  188G,  Mr.  Bricka 
gives  some  interesting  particulars  of  tests  made  on  ties  manufactured 
from  hard  steel,  suitable  for  rails,  showing  that  mild  or  soft  steel  is  not 
so  necessary  as  is  generally  believed.  The  tests  were  made  at  the  St. 
Nazaire  Works,  with  ties  of  the  latest  type  for  the  Northeastern  Kail- 
way  of  Switzerland,  but  with  the  top  table  .4  inch  thick  throughout. 
The  drop  tests  were  made  with  a  tie  resting  on  supports  3.508  feet 
apart,  which  sustained  without  breaking  or  cracking,  successive  blows 
of  a  ram  of  660  pounds  with  heights  of  drop  of  10  inches  to  6  feet  6f 
inches;  the  final  bends  were  only  6.08  inches.  The  pressure  tests  were 
as  follows: 

(1)  Tie  resting  flat  on  an  iron  surface,  the  load  applied  through  the 
flange  of  a  rail.  The  tie  sustained  no  sensible  permanent  deformation 
up  to  a  load  of  33,000  pounds;  then  the  deformation  began  and  con- 
tinued steadily  up  to  a  load  of  63,800  pounds;  when  the  load  reached 
77,000  pounds  the  tie  was  flattened,  but  the  metal  showed  no  signs  of 
failure. 

(2)  The  tie  rested  on  supports  19|^  inches  apart  and  was  loaded  at 
tlie  middle  as  before,  but  with  the  head  of  the  rail ;  the  load  was  raised 
to  35,000  pounds  without  permanent  set;  then  the  bending  began,  and 
with  44,000  pounds  was  .20  inch;  under  a  load  of  45,100  pounds,  de- 
formation began  and  continued  until  the  tie  was  flat  at  the  middle,  the 
arrangement  of  the  apparatus  not  permitting  a  bend  of  more  than  6 
inches.  The  upper  table  was  then  put  into  shape  in  a  press  and  the 
sides  bent  till  the  tie  assumed  somewhat  its  original  shape;  the  metal 
showed  no  cracks  or  other  signs  of  injury.  These  tests  show  that  ties 
of  hard  steel  will  support,  like  those  of  mild  steel,  the  shocks  of  engine 
and  car  wheels  in  a  derailment  without  breaking  and  without  being 
made  unfit  to  be  continued  in  use,  except  temporarily.  Hard  steel 
would  have  the  advantage  of  increased  rigidity  and  would  give,  if 
proper  care  were  taken  in  piercing  the  holes  for  the  fastenings,  almost 
a  complete  guarantee  against  distortion  of  the  holes  by  wear. 

In  regard  to  the  injury  to  mild  steel  ties  in  case  of  derailment,  at  least 
one  railway  in  India  has  put  up  an  hydraulic  press  for  the  purpose  of 
bendiiig  to  shape  any  ties  that  may  be  bent  or  distorted  by  such  acci- 
dents. A  thickness  of  .52  inch  for  the  top  table  is  considered  to  be 
sufBcient  to  withstand  the  blows  of  derailed  wiieels.  A  cast-steel  tie, 
known  as  the  Sampan  tie,  has  been  patented  in  England.  For  longi- 
tudinals, wrought-iron  is  used  almost  exclusively,  though  perhai)s  mild 
steel  may  be  emi^loyed  to  a  small  extent.  Bowls  are  usually  of  cast- 
iron,  but  pressed  steel  has  been  used  in  India.    The  plates  used  in  India 
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are  of  cast-iron.  Wrought-iron  plates,  bent  to  form  practically  bowls, 
have  been  used  in  Egypt..  Cast-iron  is  generally  considered  unsuitable 
for  such  work,  but  it  has  been  very  extensively  employed  for  bowls  aud 
]>lates  in  India,  South  America,  and  elsewhere,  with  satisfactory  results 
aud  a  low  percentage  of  breakages. 

Form  and  Dimensions. — Different  methods  have  been  tried  for  giv- 
ing the  inward  inclination  of  1  in  17  to  1  in  26  of  the  rails,  in  accord- 
ance with  the  very  general  practice  in  most  countries.  Cross-ties  were 
at  first  bent  to  a  curve,  but  that  resulted  in  a  tendency  of  the  track  to 
rock  if  the  ballast  was  packed  too  hard  in  the  middle  or  not  hard  enough 
under  the  rails  ;  the  tie  also  tended  to  straighten,  which  thus  widened 
the  gauge.  To  obviate  these  objections,  the  ties  were  then  made  with 
the  middle  part  horizontal  and  then  bent  up  towisrd  the  ends,  which  bend- 
ing could  easily  be  done  with  steel  ties:  this  was  a  great  improvement, 
but  the  ties  still  had  a  tendency  to  rock  under  the  trains.  The  hori- 
zontal tie  gives  the  best  results  in  stability  of  the  track,  and  to  allow  it 
to  be  used,  while  avoiding  the  necessity  for  tie-plates,  the  Hosch  Licht- 
hammer  plan  was  designed  in  Germany,  in  which  advantage  was  taken 
of  the  malleability  of  mild  steel,  aud  the  top  table  of  the  tie  pressed  to 
the  desired  inclination  at  the  rail  seat.  In  the  Post  tie,  extra  metal  at 
the  rail  seat  gives  tlie  inclination  and  adds  to  the  strength.  In  the 
steel  ties  for  the  Indian  state  railways,  which  are  stamped  to  shape, 
the  top  table  is  bent  up  at  the  rail  seat  in  the  operation  of  stamping. 
Mr.  Bricka  suggested,  in  his  report,  that  it  would  be  simpler  to  modify 
the  shape  of  the  rail-flange  to  give  the  rail  the  desired  inclination.  This 
idea  has  been  suggested  b3'  other  engineers  at  various  times.  Ties  with 
tlie  top  table  horizontal  and  with  tie-plates  to  give  the  rail  this  inclina- 
tion are  used  in  Holland,  Germany,  and  Austria,  but  generally  add  to 
the  complicated  character  of  the  track.  With  longitudinals  the  incli- 
nation is  usually  given  by  tie-plates,  or  by  tilting  the  longitudinal  by 
means  of  packing  pieces  or  saddles  on  the  cross-tie  connections.  With 
bowls  the  rail  seat  is  cast  at  the  required  inclination.  In  this  country, 
where  the  rails  are  laid  without  such  inward  inclination,  no  bending  or 
tie-plates  would  be  required  for  this  i)urpose. 

The  cross-section  of  nearly  all  the  cross-ties  employed  to  any  extent 
is  derived  from  the  type  invented  by  the  French  engineer,  Vautherin, 
the  first  trials  of  which  were  made  about  twenty-five  years  ago,  on  the 
Paris,  Lyons,  and  Mediterranean  Eailway  (France).  This  type  has  a 
flat-top  table,  inclined  sides  flaring  outward  from  the  top  aud  with  nar- 
row horizontal  flanges  on  the  bottom  edges ;  it  formed  with  closed  ends 
an  inverted  trough  filled  with  ballast.  The  flat-top  table  furnished  a 
good  seat  for  a  rail  flange,  tie-plate,  or  chair,  but  the  lower  flanges  were 
objectionable,  reducing  the  stability  of  the  track  by  preventing  the 
proper  settling  of  the  tie  in  the  ballast  and  not  being  wide  enough  to 
give  any  bearing  in  the  ballast;  this  objection  was  not  felt  with  fine  sand 
ballast.    To  obviate  this  difl&culty  some  engineers,  including  those  of 
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th^  AlsjiceLorraine  railway  and  Wiirtemburg-  state  railways,  in  Ger- 
many, njoditieil  tbe  original  plan  by  substituting  for  the  flange  a  rib  of 
triangular  section;  this  did  not  diminish  the  moment  of  inertia  of 
the  tie,  but  it  protected  the  edges  from  damage  by  blows  when  being 
tamped.  Another  modification,  forming  what  was  known  as  the  Berg- 
and-Mark  type  of  tie  (Prussian  state  railways),  consisted  in  abandoning 
the  bottom  flange  or  rib,  and  bending  the  lower  part  of  each  side  to  a 
vertical  position;  this  answered  very  well,  the  tie  bedding  itself  well 
in  the  ballast  and  having  less  tendency  to  shift  than  if  the  sides  were 
inclined  lor  their  whole  depth.  This  again  was  modified  by  inclining 
the  vertical  part  of  the  side  slightly  outward,  the  change  in  direction 
being  made  by  Curves  instead  of  angles,  and  adding  a  rib  to  the  bottom 
edges.  In  the  Haarmann  system  the  top  table  is  comparatively  narrow 
and  the  sides  nearly  vertical,  with  wide  flanges  at  the  bottom  ;  the  edges 
of  these  flanges  are  turned  down  slightly  to  retain  the  ballast.  The 
ends  are  closed  by  riveted  plates.  Mr.  Bricka,  in  his  report,  stated  that 
the  objections  were,  the  diflficulty  of  ballasting  the  raised  part,  the 
chance  of  breakage,  and  the  less  height  for  equal  weight  than  ties  with 
inclined  sides.  The  Hilf  type  has  a  middle  flange  or  rib  along  the 
under  side  of  the  top  table.  The  Post  type  has  the  sides  flaring  out  in 
two  planes,  the  cross-section  being  a  portion  of  a  polygon.  The  Indian 
type  is  rounded,  having  a  flat  top  and  curved  sides  at  the  rail  seat,  and 
an  arch  section  at  the  middle.  The  ties  of  these  types  on  different  rail- 
ways vary  of  course  in  details  of  section,  thickness,  etc.  The  tie  of  the 
Standard  Metal  Tie  Company,  New  York,  and  one  tried  on  the  Eastern 
Eailway  of  France,  are  channels  laid  in  the  normal  position  with  the 
open  side  upward ;  the  bottom  is  flat  and  the  sides  are  vertical  in  each 
case.  The  Bernard,  Severac,  Lavalette,  and  some  other  cross-ties  are 
built  up  of  angles,  channels,  beams,  and  plates. 

The  system  of  metal  longitudinals  includes  the  Macdonnell,  in  Eng- 
land; the  Hartwich,  Haarmann,  Hilf,  and  Ehenish,  in  Germany;  and 
the  Hohenegger  and  Serres-and-Battig  in  Austria. 

In  regard  to  the  thickness  of  the  metal,  this  has  been  too  often  re- 
duced so  much,  in  order  to  reduce  weight  and  cost,  that  the  tie  cracks 
or  splits  after  being  in  service  for  a  comparatively  short  time.  It  has 
been  customary  to  make  the  metal  of  uniform  thickness  throughout  the 
length  of  the  tie,  but  Mr.  Post's  tie  (Holland)  has  been  designed  to  give 
an  economical  distribution  of  metal ;  the  rail  seats  are  of  extra  thick- 
ness to  insure  ample  strength,  additional  metal  is  added  at  the  holes 
for  the  fastenings,  and  the  middle  of  the  tie  is  made  only  thick  enough 
to  give  the  necessary  strength  and  stiff'ness ;  these  variations  of  thick- 
ness are  given  during  the  operation  of  rolling. 

Mr.  J.  W.  Jones,  of  the  Indian  state  railways,  writes  as  follows  in 
regard  to  this  point : 

Railway  engineers  would  do  well  by  refusing  to  have  anything  to  do  with  ties 
which  are  only  three-eighths  inch  thick;  one-half  inch  thick  give  ranch  better  re- 
salts  and  are  cheaper  in  the  end. 
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A  thickness  of  0.52ii)ch  is  now  very  generally  used  in  Germany  for 
the  middle  portion  of  the  top  table  of  the  cross-ties.  Experience  on  the 
Wurtemburg  state  railways  (Germany)  is  said  to  have  shown  that  au 
iron  cross-tie  with  metal  one-half  inch  thick  stood  an  ordinary  derail- 
ment very  well  without  alteration  of  the  gauge  or  any  serious  deforma- 
tion, while  ties  in  which  the  thickness  of  the  body  had  been  reduced  to 
eleven-thirty -seconds  inch,  with  strengthening  rib,  were  sa  biidly  de- 
formed by  the  same  derailment  as  to  require  to  be  renewed.  In  his  re- 
port of  1885,  Mr.  Bricka  (France)  stated  that  the  thickness  averaged 
about  0.32  or  0.3G  inch,  but  was  as  low  as  0.24  inch  in  the  parts  subjected 
to  the  least  strain ;  at  the  rail  seat  it  was  rarely  less  than  0.32  inch,  and 
was  sometimes  as  much  as  0.40  inch.  The  tendency  has  been  to  increase 
these  dimensions,  as  it  has  been  observed  that  under  the  passage  of 
trains  there  is  less  vibration  and  noise  wittt  the  heavier  thau  with  the 
lighter  ties;  and  this  stability,  which  causes  greater  economy  of  main- 
tenance, is  attributed  largely  to  the  extra  thickness  of  the  metal. 
Special  advantages  iu  stability  and  in  maintaining  a  good  bed  or  ballast 
under  the  rail  seats  are  claimed  for  the  Post  and  other  systems  iu  which 
the  tie  is  made  narrow  and  deep  at  the  middle. 

Weight. — This  is  too  frequently  saciificed  to  mistaken  ideas  of 
economy,  with  expensive  results.  In  the  first  place,  the  metal  must  be 
thick  enough  to  stand  the  shocks  and  vibration  to  which  the  ties  are 
subjected  in  service  without  cracking.  In  the  second  place,  the  tie  must 
be  strong  enough  as  a  beam ;  otherwise  it  will  give  way  and  become 
distorted  under  the  traffic.  In  the  third  place,  the  tie  must  have  weight 
enough  to  hold  the  track  down  firmly,  making  it  solid  and  stable.  In 
several  designs  of  ties  the  metal  is  very  thin,  the  metal  being  strength- 
ened by  corrugations.  The  designers  probably  lost  sight  of  the  third 
requirement  above  mentioned  or  did  not  understand  its  significance. 
It  is  probable  that  the  corrugations  might  in  themselves  be  the  cause 
of  failure  of  the  tie,  cracks  starting  at  the  angles  of  the  corrugations, 
as  has  been  found  to  be  the  case  in"  South  Australia  and  elsewhere. 
The  cause  of  these  attempts  to  reduce  weight  is  the  eagerness  of  in- 
ventors to  produce  a  cheap  tie  which  will  appeal  to  the  financial  side 
of  railway  companies.  If  the  reduction  in  weight  is  carried  too  far, 
and  a  very  little  may  be  too  far,  the  tie  will  be  a  dear  one,  as,  even  if 
it  does  not  crack  or  otherwise  fail,  it  will  make  a  loose  track,  requiring 
continual  attention  and  tamping,  instead  of  effecting  a  reduction  in 
maintenance.  This  point  is  briefly  discussed  in  my  remarks  on  Mr. 
Post's  paper  on  "Steel  Ties"  (Bulletin  No.  Ill,  page  35).  It  may  be 
noted  with  advantage  that  in  Germany  it  has  been  found  generally  de- 
sirable to  use  ties  of  greater  weight  than  those  first  adopted,  as  the 
cost  of  maintenance  was  thereby  reduced.  In  England  too  it  has  been 
found  that  a  certain  weight  is  necessary  in  order  to  give  the  tie  a  hold- 
ing or  anchorage  iu  the  ballast.  This  is  the  general  experience  else- 
where. These  results  of  experience  show  that  the  various  attempts 
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made  by  inventors  to  reduce  the  material  and  weight  to  a  Uiinimum, 
without  cotisidering  some  imperative  conditions,  are  not  steps  in  the 
way  of  improvement,  but  tend  to  throw  discredit  on  metal  track  in 
general  and  to  render  inefficient  some  forms  of  ties  which  might  other- 
wise be  of  some  merit.  A  very  large  number  of  failures  of  metal  ties 
are  due  to  too  light  weight. 

The  engineers  of  the  Bavarian  state  railways  consider  that  a  weight 
of  139  pounds  should  be  the  minimum  for  ties  for  lines  with  ordinary 
traffic.  Mr.  Heindl,  the  inventor  of  the  ties  used  on  the  Austrian  state 
railways,  considers  175  pounds  the  minimum  under  heavy  traffic  on 
main  lines.  In  view  of  experience  elsewhere,  however,  this  seems  to 
be  too  heavy.  Both  Mr.  Post  and  Mr.  Bricka  consider  that  the  steel 
ties  of  the  Post  type  in  use  on  the  Belgian  State  Railways  are  too 
heavy,  but  I  am  informed  that  they  were  adopted  on  account  of  the 
great  weight  of  some  enormous  locomotives  which  haul  over  these  lines 
the  "  overland  "  train  between  Ostend  and  Brindisi.  In  a  paper  pub- 
lished in  the  bulletin  of  the  society  of  civil  engineers,  France,  April, 
1885,  Mr.  Post  stated  that  some  engineers  sent  to  England  to  examine 
the  railways  attributed  too  great  an  influence  to  the  weight  of  the 
track,  and  arbitrarily  condemned  metal  ties  because  they  calculated  that 
the  wooden  ties  were  heavier.  But  in  order  to  give  the  correct  value 
of  this  argument,  it  is  necessary  to  know  the  actual  weights  of  ties  of 
different  ages,  and  some  lots  of  oak  ties,  taken  at  random  from  the 
tracks  of  the  Belgian  state  railways  and  the  Netherlands  state  railways, 
were  therefore  weighed.  The  new  ties  showed  a  variation  of  42  per  cent., 
the  heaviest  weighing  173.8  pounds  and  the  lightest  99  pounds,  or  11 
pounds  lighter  than  the  110-pound  steel  ties  which  had  been  in  service 
for  some  years.  Of  the  old  wooden  ties  at  the  end  of  their  service 
there  was  a  variation  in  weight  of  32  per  cent,  the  heaviest  weighing 
114.4  pounds  and  the  lightest  77  pounds,  or  33  pounds  less  than  the  steel 
ties.  The  weight  of  the  wooden  ties  diminishes  materially  with  age,  by 
losing  the  sap,  etc.,  by  which  the  width  of  the  tie  and  the  bearing  of 
the  rail  are  reduced,  and  the  average  weight  is  only  129.8  pounds  for 
new  and  99  pounds  for  old  ties.  These  figures  show  the  weakness  of 
the  argument  in  favor  of  wooden  ties  on  account  of  their  weight. 

Mr.  Bricka,  in  his  report  of  1885,  stated  that  at  first  cross-ties  had  a 
weight  of  only  about  77  to  88  pounds,  owing  to  a  desire  for  cheapness, 
but  experience  showed  this  to  be  insufficient.  German  and  Dutch  en- 
gineers have  estimated  that  the  work  of  maintenance  is  less  with  heavy 
ties  than  with  light  ones,  and  have  increased  the  weight  to  99  or  110 
pounds.  Ties  weighing  129.8  pounds  have  been  used  on  the  Wiirtem- 
berg  state  railways,  138.6  pounds  on  the  Bavarian  state  railways,  and 
132  to  154  pounds  on  the  Austrian  state  railways.  According  to  the 
opinion  of  many  engineers,  flange  rails  on  110-pound  steel  ties  make  a 
very  satisfactory  track ;  superior  to  track  on  wooden  ties.  The  standard 
weight  might  be  between  110  and  132  pounds,  and  even  the  latter  fig- 
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ure  might  be  exceeded  in  exceptioual  cases  of  heavy  and  fast  traflBc. 
He  couimeuts  upon  the  heavy  Ileindl  ties  used  on  the  Austrian  state 
railways,  that  the  noisy,  destructive,  and  unpleasant  vibrations  are 
not  experienced  with  ties  of  sufficient  weight.  This  is  an  important 
point,  as  the  absence  of  such  vibration  tends  to  lessen  the  disturbance 
of  the  track  and  consequently  the  work  of  maintenance. 

According  to  an  article  in  the  Indian  Engineer,  of  Calcutta,  August 
1,  1888,  ten  ties — the  usual  number  for  a  rail  length  of  30  feet — weigh- 
ing 120  pounds  each,  will  cost,  at  $30  per  ton,  or  $1.68  each,  $1G.80; 
while  by  increasing  the  weight  to  168  pounds  per  tie  the  ten  ties  would 
cost,  at  the  same  rate  per  ton,  $22.50 ;  but  if  the  latter  will  last  thirty 
years  under  conditions  of  traffic  which  will  wear  out  the  former  in 
twenty  years,  the  cost  of  material  for  the  heavier  track  for  sixty  years 
will  be  $4:0  against  $50.40  for  the  lighter  track,  or  a  saving  of  nearly 
$1,000  per  milc^  besides  the  saving  in  renewals  and  the  advantage  of  a 
more  stable  track  by  the  use  of  the  heavy  ties. 

Ties  open  at  the  top  and  tilled  with  or  buried  in  the  ballast  have  their 
weight  in  the  track  very  largely  increased.  Of  this  type  are  the  Severac, 
Bernard,  and  "Z"  ties  in  Belgium ;  the  channel  tie  of  the  Eastern  Kail- 
way  of  France,  and  the  "  Standard"  tie  now  being  tried  in  this  country-. 

Manufacture  of  Cuossties. — Cross-ties  of  trough  section  are 
either  rolled  or  stamped  to  shape.  The  wrought-iron  and  many  of  the 
steel  ties  are  rolled,  but  large  numbers  of  steel  ties  are  stamped  to 
shape  in  liydraulic  presses  from  flat  or  bent  plates.  The  steel  ties  of 
the  Indian  state  railways  pattern  are  made  of  plates  rolled  to  the 
rounded  channel  section,  which  are  cut  into  lengths;  each  length  is 
then  put  into  one  press  which  shapes  the  ends,  and  then  into  another 
press  which  stamps  the  lugs  for  rail  fastenings.  The  Phillips  steel  ties 
used  in  Queensland  are  stamped  to  shape  from  flat  plates.  Of  the  steel 
ties  now  being  used  in  this  country  the  "Hartford"  and  "International" 
ties  are  rolled,  while  the  "  Standard "  ties  are  stamped  by  hydraulic 
presses. 

There  should  be  as  little  working  of  the  metal  as  possible,  as  all  such 
working  tends  to  disturb  the  molecular  construction  of  tiie  metal  and 
to  reduce  its  strength.  Annealing  has  been  tried  on  the  Netherlands 
state  railways  with  success  from  a  technical  point  of  view,  but  the 
operation  is  generally  too  expensive. 

In  designing  a  tie  its  manufacture  should  be  taken  into  account,  as 
all  handling  and  all  additional  shop- work  adds  considerably  to  the  cost 
of  its  manufacture.  Ties  in  which  much  riveting  is  required,  as  in  the 
Webb  tie  in  England,  the  Severac  and  Bernard  ties  in  Belgium,  etc., 
are  not  likely  to  come  into  general  use.  As  has  already  been  stated, 
the  ties  of  the  simplest  form  have  the  best  chance. 

In  Germany  and  Holland,  and  probably  in  other  countries,  the  con- 
tracts for  metal  ties  contain  a  "  guarantee"  clause  similar  to  the  Euro- 
pean contract  system  of  guaranteeing  rails.    This  clause  requires  the 
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manufacturer  to  replace  all  ties  which  break  or  show  defects  during  a 
certain  term  of  years  j  generally  three  or  five.  This  helps  to  secure 
better  material  and  more  careful  manufacture,  and  any  hidden  defects 
which  escape  notice  during  inspection  will  almost  certainly  show  them- 
selves within  the  guaranty  term. 

riiESERVATiVE  TREATMENT. — In  some  cases  the  ties  are  used  as 
they  come  from  the  rolls  or' i>ress ;  in  other  cases  they  are  dipped  in 
or  painted  with  tar,  oil,  or  some  composition.  The  object  of  this  treat- 
ment is  to  prevent  rust  or  corrosion.  In  open  liue  and  inordinary  bal- 
last there  is  not  much  danger  of  corrosion,  but  it  is  liable  to  occur  in 
tunnels  or  damp  places,  and  in  slag  or  cinder  ballast ;  this  is  due  largely 
to  the  sulphuric  acid  and  carbonic  acid  in  the  ashes,  slag,  and  smoke. 
In  a  paper  on  "  Steel  Ties,"  by  Mr.  Munday,  A.  M.  Inst.  C.  E.,  read  be- 
fore the  Civil  and  Mechanical  Engineers'  Society  (London),  in  Jan- 
uary, 1888,  it  was  stated  that  all  ties  should,  if  possible,  J)e  dipped  while 
hot  in  a  preservative  solution.  But  as  this  can  not  be  done  with  rolled 
ties  without  reheating  them,  the  solution  should  be  kept  at  boiling 
point  by  a  steam  coil.  Rapid  drying  is  an  advantage  obtained  by  dip- 
ping hot,  as  wet,  dirty  freight  and  the  smell  of  the  wet  solution  are 
objected  to  on  board  ship  (for  export),  while  in  some  cases  the  dock 
laborers  have  refused  to  handle  the  slimy  metal  sent  down  from  the 
works.  Pressed  ties  can  be  taken  hot  from  the  iiress  to  the  bath,  care 
being  taken  not  to  set  fire  to  the  inflammable  mixture.  If  dipped  cold 
it  should  be  done  some  time  before  shipping,  so  that  a  sufficient  quantity 
for  a  cargo  may  be  stacked  and  dried.  A  solution  recommended  for 
ties  and  rails  is  as  follows :  Two  gallons  of  boiled  tar,  one-half  gallon  of 
mineral  turps,  1  gallon  of  vegetable  oil.  The  tar  is  boiled  first,  and  the 
other  ingredients  then,  well  mixed  in.  Tlie  turps  constitute  the  drier, 
and  the  larger  the  proportion  of  this  the  quicker  the  drying  is  effected ; 
but  as  it  is  highly  inflammable  great  care  must  be  taken  in  dipping 
hot  metal.  The  composition  invented  by  the  late  Dr.  Angus  Smith 
(England)  and  well  known  by  his  name,  is  a  solution  of  coal  pitch  in  coal 
tar  naphtha;  it  may  be  used  as  a  paint  or  bath,  and  the  metal  should 
be  hot.  There  is  also  a  composition  consisting  of  pitch  and  tar  with  a 
little  tar  oil  and  dry  lime;  rock  asphaltum  melted  up  and  mixed  with 
this  gives  body  and  sets  hard  like  enamel.  A  black  varnish  solution  is 
used  for  the  steel  ties  of  the  Indian  state  railways  pattern.  The 
"  Hartford  "  ties,  on  the  New  York  Central  Railway,  are  treated  with 
Dr.  Angus  Smith's  asphalt  composition,  applied  at  a  temperature  of 
300  degrees  Fahrenheit. 

Fastenings. — In  any  system  of  track  it  is  desirable  to  have  as  few 
separate  parts,  and  as  few  different  or  special  kinds  of  parts,  as  i)ossi- 
ble.  An  increase  in  the  number  not  only  increases  the  labor  and  cost 
of  track-laying  and  maintenance,  but  it  is  the  general  experience  of  the 
perverseuess  of  things  that  the  right  pieces  are  not  at  hand  when 
wanted.    The  forgetting  or  delaying  to  send  a  keg  of  special  bolt^i 
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clamps,  etc.,  such  as  are  sometimes  required  at  curves  or  in  other  places, 
may  seriously  interfere  with  the  work.  In  this  respect  the  steel  track 
of  the  Indian  state  railways,  and  of  the  local  railways  of  Belgium,  pre- 
sents many  advantages ;  the  ties  and  two  steel  keys  to  each  tie  being 
all  the  material  required  on  any  part  of  the  line.  Where  different 
degrees  of  adjustment  of  the  gauge  are  effected  by  different  sizes  of 
clamps,  washers,  etc.,  tlie  system  is  still  more  troublesome  and  compli- 
cated, but  at  the  same  time  it  must  be  remembered  that  with  metal  ties 
the  fastenings  are  supposed  to  require  far  less  attention  than  those  with 
wooden  ties.  With  a  proper  fastening  there  should  be  no  vibration  to 
cause  noise,  rattling,  and  wear;  and  experience  has. shown  that  such 
fastenings  can  be  made.  Where  double-headed  rails  are  used,  they 
may  be  carried  in  special  chairs,  as  on  the  London  and  Northwestern 
Railway  (England),  and  the  Western  Railway  (France,)  or  in  ordinary 
chairs,  as  on  the  Midland  Railway  (England),  the  state  railways, 
(France),  etc.  Little  need  be  said  on  this  point,  as  the  double-headed 
or  bull-headed  sections  of  rails  are  never  likely  to  be  introduced  into 
this  country  for  regular  service,  and  their  use  in  other  countries  is  com- 
paratively limited. 

The  ordinary  flange  rails  may  be  secured  direct  to  the  ties  by  differ- 
ent forms  of  fastenings,  as  follows : 

1.  Bolts  and  clamps. 

2.  Bolts,  rivets,  and  clamps. 

3.  Keys. 

4.  Gibs  and  cotters. 

5.  Rivets. 

(1)  Bolts  and  cla7nps. — With  many  systems  of  metal  track  thefiistenings 
consist  of  bolted  clamps.  The  heads  of  the  bolts  are  usually  tee-shaped 
(±),  so  that  they  can  be  inserted  from  above,  through  a  slot  in  the  top 
table  of  the  tie.  The  bolt  passes  through  a  loose  clamp  which  holds 
the  flange  of  the  rail,  and  the  nut  is  screwed  down  upon  the  clamp;  a 
washer  or  nut-lock  is  usually  interposed,  but  by  the  use  of  a  grip  thread 
on  the  bolt  the  nut-lock  may  perhaps  be  dispensed  with,  except  under 
severe  conditions  of  traffic,  making  four  pieces  less  to  each  tie.  The 
bolts  are  usually  seven-eighths  inch  or  1  inch  in  diameter,  and  the  nuts 
should  be  of  ample  depth,  so  as  to  give  a  large  thread -bearing.  Various 
forms  of  clamps  are  used ;  in  some  cases  the  clamp  bears  on  the  rail 
and  the  top  of  the  tie,  leaving  the  bolt  to  resist  the  thrust  of  the  rail ; 
in  other  cases,  as  in  the  Ruppel  system,  widel^^  used  in  Germany,  a  lug 
on  the  clamp  fits  into  the  bolt  hole  in  the  tie,  and  so  relieves  the  bolt. 
In  the  Roth-and-Schuler  system,  used  on  the  Baden  state  railw.ays  and 
with  the  latest  form  of  tie  on  the  Netherlands  state  railways,  a  rectan- 
gular washer  rests  on  the  tie  and  transmits  the  thrust  of  the  rail  to  the 
bolt,  and  a  clamp  holds  the  rail  and  keeps  the  washer  in  position.  The 
advantage  of  a  bolt  fastening  is  that  it  gives  a  firm  hold  and  can  be 
easily  slackened  or  tightened. 
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(2)  Bolts^  rivets,  and  clamjys.—Ju  some  systems  of  metal  track  one 
side  of  the  rail  is  held  by  a  riveted  clamp  and  the  other  by  a  bolted 
clamp,  the  latter  being  generally  on  the  inner  side  of  the  track.  This 
plan  is  in  use  in  Queensland,  Australia. 

(3)  Keys. — A  fastening  which  has  been  found  very  efficient  consists 
of  a  taper  steel  key  driven  horizontally  between  the  rail  tlange  and  a 
lug  on  the  tie  or  on  a  chair  carrying  the  rail.  The  other  side  of  the 
flange  is  held  by  a  lug.  The"  end  of  the  key  or  wedge  is  split,  so  that 
it  can  be  opened  out  or  expanded  by  a  chisel  after  it  has  been  driven 
to  a  bearing,  and  so  prevented  from  slacking  back.  This  fastening  is 
used  with  steel  ties  in  Belgium,  India,  Africa,  and  Mexico,  and  has 
given  excellent  results  as  to  security  and  noiselessness.  A  similar 
style  of  fastening  is  used  with  cast-iron  bowl  ties  in  South  America,  an 
iron,  wooden,  or  coiled  steel  key  being  driven  between  the  rail  and  a 
lug  cast  on  the  bowl ;  as  the  lug  was  liable  to  be  broken,  a  loose  lug  of 
wrought  iron  or  steel  is  now  used,  being  inserted  in  a  socket  in  the 
bowl ;  a  cast-iron  key  is  used  and  bears  against  the  web  and  flange  of 
the  rail. 

(4)  Gibs  and  cotters. — Gibs  held  up  to  the  rail  by  a  vertical  cotter 
driven  into  a  slot  in  the  top  of  the  tie,  were  among  the  earliest  forms  of 
fastenings  used  in  Germany  ;  they  did  not  then  prove  satisfactory,  as 
the  vibration  jarred  the  parts  sufficiently  to  loosen  them,  so  that  there 
was  considerable  noise  and  rattling  under  passing  trains,  while  the  jar- 
ring frequently  resulted  in  the  cracking  of  the  tie.  In  India,  fastenings 
of  this  pattern  sometimes  rusted  together,  so  that  they  could  not  be 
moved  without  breaking  them  off;  a  fastening  with  cast-iron  gibs  was 
designed  there,  but  never  introduced  to  any  extent.  In  Germany  and 
Switzerland,  improved  fastenings  are  now  used,  with  an  extra  gib  to 
give  a  good  bearing  for  the  back  of  the  cotter,  and  as  the  metal  of  the 
tie  is  thickened  at  the  holes  for  the  fastenings,  there  is  no  trouble  from 
breakage ;  these  improved  gib  and  cotter  fastenings  are  reported  to 
give  satisfaction.  With  the  Denham-Olpherts  plate  tie,  used  in  India, 
there  is  a  fixed  lug  or  jaw  on  one  side  of  the  rail  and  on  the  other  side 
is  a  loose  jaw  which  is  held  in  place  by  a  horizontal  cotter  wbich  secures 
the  tie-bar. 

Rivets. — Riveting  the  rails  direct  to  the  ties  is  only  practicable  for 
portable  railways,  but  some  systems  of  metal  track  have  been  designed 
in  which  riveted  clips  are  used,  the  rails  being  sprung  into  position.  A 
fastening  described  in  "  Les  Annales  des  Travaux  Publics,"  Paris, 
April,  1888,  consisted  of  two  rail  clamps  of  eccentric  form,  riveted  to 
the  tie  in  such  a  way  that  they  could  turn  on  the  rivet.  The  rail  being 
put  in  place  the  clamps  are  turned  round  by  a  special  wrench  or  bar, 
bringing  the  projecting  part  over  the  rail  flange  ;  when  in  position,  a  pro- 
jection on  the  outer  side  of  the  clamp  fits  into  a  notch  in  a  horizontal 
spring  on  the  top  of  the  tie.  A  somewhat  si  milar  plan  of  loose  riveted 
clips  has  been  designed  by  Mr.  Moore  for  use  with  cast-iron  ties  in 
India. 
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Tie  Rods. — With  bowl  or  plate  ties,  transverse  tie-rods  or  tie-bars 
are  required,  to  liold  the  parts  together  and  to  maintain  the  gauge. 
Flat  wrought-iron  bars  are  generally  used,  placed  on  edge  and  passing 
into  or  through  the  bowl  or  plate;  they  are  secured  by  gibs  and  cotters 
or  by  cotters  only.  These  are  used  in  India,  Africa,  and  South  Amer- 
ica. In  the  De  Bergue  system,  used  in  Spain,  (and  tried  in  India)  the 
tie  bar  is  underneath  the  bowls,  being  held  by  lugs  and  U-bolts.  In 
the  plate  ties  used  in  India,  the  bars  pass  through  the  upper  part  of 
the  plate  which  forms  the  rail  seat,  and  are  secured  by  a  horizontal  flat 
cotter.  On  the  Calcutta  Port  Railway,  India,  the  tie  bars  are  fastened 
to  the  rail  flange  by  bolted  clamps,  being  quite  independent  of  the 
bowls. 

With  metal  longitudinals,  the  two  lines  of  longitudinals  have  to  be 
tied  together,  and  various  forms  of  cross-tie  connections  have  been 
used  in  Germany  and  Austria.  In  some  cases  y  or  angle-irons  are 
nsed,  while  heavy  cross-ties  of  the  same  section  as  the  longitudinals 
have  been  used  at  the  joints  of  the  latter.  These  Iieavy  connections, 
however,  have  been  found  to  make  the  track  too  rigid,  causing  a  bat- 
tering of  the  rails  at  the  joints  and  an  increased  wear  of  the  rolling- 
stock.  Tie  rods  are  also  used  to  maintain  the  gauge ;  they  are  tapped 
into  or  passed  through  the  webs  of  the  rails  and  secured  by  nuts;  in 
some  cases  they  are  of  round  iron  and  in  other  cases  flat  with  round 
ends. 

Metal  Contact. — A  common  objection  is  that  metal  track  will  be 
noisy  and  unpleasant  to  ride  over,  owing  to  the  metal  contact  of  the 
rails  and  ties.  Various  methods  have  been  tried  and  suggested  to  ob- 
viate this,  but  where  good  fastenings  which  will  keep  tight  are  used, 
there  is  not  found  to  be  any  necessity  for  such  precaution.  Mr.  George 
E.  Moore,  deputy  consulting  engineer  of  railways,  India,  states  that 
wooden  packing,  asbestos  sheets,  tarred  canvass,  etc.,  have  been  tried 
and  found  of  no  value.  The  Great  Indian  Peninsula  Railway,  after 
several  years  of  experiment,  has  gone  back  to  iron  on  iron,  and  finds 
the  results  quite  satisfactory.  It  is  principally  a  matter  of  getting  the 
fastenings  tight  and  keeping  them  so.  Linoleum  has  been  suggested 
in  Belgium.  With  the  steel  ties  of  the  London  and  Northwestern  Rail- 
way, England,  tarred  paper,  forming  a  tough  leathery  material,  is  used 
between  the  riveteil  plates.  Some  of  the  bolt- fastenings  used  are  found 
lo  keep  suflBciently  tight,  and  with  the  key  fastenings  of  the  Indian  Stiite 
Railway  steel  ties  and  tiie  Z-iron  ties  in  Belgium,  the  fastening  is  found 
to  be  very  efficient  in  this  respect.  On  a  section  of  the  Northern  Rail- 
way, Austria,  where  one  track  was  laid  with  wooden  ties  and  the  other 
with  metal  ties,  it  is  reported  that  the  noise  of  the  passing  of  trains  was 
no  more  disagreeable  with  one  system  than  with  the  other;  showing 
that  with  metal  ties  and  fastenings  of  good  shape  and  proper  weight 
no  trouble  from  noise  or  vibration  need  be  experienced.  In  several 
cases  it  is  specifically  reported  that  there  is  no  trouble  from  noise  or 
uneasy  riding  of  the  cars. 
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Adjustment  op  Gauge. — Where  metal  ties  are  to  be  applied  to  any 
great  length  of  track  it  is  necessary  to  provide  some  means  for  widen- 
ing the  gauge  at  curves,  etc.  With  bowls  this  widening  is  ett'ected  by 
the  use  of  different  sizes  of  cotters  in  the  ends  of  the  tie  bars  ;  this  has 
the  objection  of  increasing  the  number  of  separate  pieces  roquired,  but 
to  obviate  this  Mr.Schwarz,of  the  Burrakur  Iron  Works,  India,  proposes 
to  use  cotters  or  keys  made  of  different  widths  in  "  steps  "  or  "  offsets," 
so  that  one  set  of  cotters  will  give  the  required  variation  \n  gauge. 
With  longitudinals  the  adjustment  is  effected  usually  by  means  of  the 
rail  fastenings.  With  cross-ties,  where  bolts  are  used,  the  adjnstiuent  is 
effected  either  by  eccentric  necks  on  the  bolts,  as  on  the  Netljcrlands 
state  railways;  by  eccentric  washers,  as  on  the  Baden  state  railways 
and  Netherlands  state  railways  ;  or,  where  the  clamps  have  lugs  fitting 
into  holes  in  the  tie,  by  means  of  rail  clamps  with  different  sized  Ings, 
as  on  several  German  railways.  With  the  first  plan  mentioned  two  sets 
of  bolts  are  required,  one  for  tangents  and  on  curves,  and  the  other  at 
the  extremities  of  curves,  etc.  The  bolts  are  marked  on  the  ends,  so 
that  the  ordinary  and  special  bolts  can  be  easily  distinguished,  and  in 
such  a  manner  that  the  inspector  walking  along  the  track  can  see  if  the 
proper  bolts  are  used  and  are  properly  placed.  With  the  clamp  fasten- 
ings on  some  of  the  German  railways  six  sizes  of  clamps  are  used,  and 
are  distinguished  by  stamped  figures :  No.  0,  on  the  outside  of  the  rail, 
has  no  projection  on  the  lug  in  the  bolt-hole;  No.  1,  has  a  projection  of 
one-twelfth  inch  ;  No.  2,  one  sixth  inch;  No.  3,  one-fourth  inch  ;  No.  4, 
five-sixteenths  inch  ;  No.  5,  five  twelfths  incli.  This  makes  a  very  com- 
plicated arrangement,  and  can  only  be  successfully  carried  out  where 
the  trackmen  and  section  bosses  are  carefully  instructed  and  trained. 
In  this  country,  with  the  class  of  labor  frequently  eniploye<l,  it  would 
almost  certainly  be  a  failure.  Even  with  skilled  labor  such  a  system  is 
not  to  be  recommended,  as  under  any  circumstances  the  siuiplest  ar- 
rangement possible,  with  due  regard  to  efficiency,  is  the  most  desirable. 
With  gib  and  cotter  fastenings  the  adjustment  is  effected  by  using 
gibs  of  different  widths.  It  is  usually  the  outer  gib  and  the  small  gib 
at  the  back  of  the  cotter  which  are  made  in  diflSerent  sizes.  On  the 
Elberfeld  division  of  the  Prussian  state  railways  the  outer  gib  is 
either  |^,  1,^6,  or  1^  inches  wide,  and  the  small  gib  either  ^,  f,  or  |  inch 
wide.  The  above  remarks  as  to  complication  a])ply  almost  equally  to 
this  plan.  With  key  fastenings  the  adjustment  is  effected  b}^  putting 
one  or  both  of  the  keys  on  the  outer  side  of  the  rail. 

Closed  and  Open  Ends. — In  regard  to  the  question  of  open  or 
closed  ends  for  cross  ties,  the  general  and  most  approved  practice  is  to 
close  them.  The  reasons  for  this  are  apparent;  a  wooden  tie  when 
buried  in  the  ballast  presents  an  end  area  of  about  5  by  8  inches  or  G 
by  10  inches,  equal  to  40  or  60  square  inches,  to  resist  the  lateral  motion 
induced  by  the  passing  of  trains,  especially  on  curves.  Metal  ties  with 
closed  ends  offer  a  similar  resistance,  but  an  open-ended  tie  presents 
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only  its  thin  cross-section,  say  one-half  inch  by  14  inches,  or  7  square 
inches,  to  resist  this  movement.  Trough  ties  with  closed  ends  ofiter  in 
fact  a  much  greater  resistance  to  lateral  motion,  as  not  only  has  the 
outer  end  to  push  against  the  thickness  of  ballast  beyond  it,  but  the 
other  end  has  to  pull  against  the  ballast  within  the  tie  and  drag  the  en- 
tire core  of  ballast  inside  the  tie  over  the  ballast  below  it,  which  would 
require  very  considerable  force,  especially  with  broken  stone.  The  ends 
of  metal  ties  frequently  project  below  the  bottom  of  the  body  of  the  tie. 
Well  packed  and  tamped  ties  of  this  kind  will  keep  the  track  in  good 
line.  The  open  end  ties  of  the  London  and  Northwestern  Railway,  Eng- 
land, are  said  to  give  no  trouble  in  this  respect;  these  ties  are  dipped 
in  tar  and  then  in  sand,  to  give  them  a  rough  surface  to  increase  the 
friction  in  the  ballast,  but  it  does  not  seem  as  though  such  a  method 
would  be  very  efl'ectual.  It  seems  only  reasonable,  however,  that  closed 
ends  should  give  the  best  results.  They  may  make  tamping  more  diflfi- 
cnlt  at  first,  but  when  once  thoroughly  tamped  the  track  is  very  sub- 
stantial. With  some  of  the  "  International  "  ties  used  in  this  country, 
only  half  the  end  was  closed,  in  order  to  facilitate  tamping.  The  "  Hart- 
ford" tie,  on  the  New  York  Central  Railway,  has  its  ends  bent  below 
the  bottom  of  the  tie.  The  channel  tie  used  on  the  Eastern  Railway, 
France,  has  the  bottom  bent  down,  the  channel  itself  being  open  at  the 
ends.  The  "  Standard"  tie,  on  the  Chicago  and  Western  Indiana  Rail- 
way, has  the  bottom  cut  loose  from  the  sides  at  the  middle  and  bent  up 
inside  the  tie,  which  is  filled  with  ballast,  so  that  the  resistance  to  lat- 
eral motion  is  at  the  middle  instead  of  at  the  ends  of  the  tie,  a  feature 
which  is  claimed  to  be  advantageous  on  tracks  with  narrow  width  of 
ballast.  The  ends  may  be  closed  by  a  riveted  plate,  by  stamping  to 
shape  while  hot,  or  by  cutting  the  top  corners  and  bending  the  top  table 
and  sides  cold. 

Mr.  Post,  in  his  paper  in  the  Bulletin  of  the  Society  of  Civil  Engineers, 
France,  April,  1885,  gives  the  following  account  of  trials  made  to  deter- 
mine the  efficiency  of  closed  ends :  A  certain  number  of  ties  with  closed 
ends  were  divided  into  three  compartments,  by  riveting  two  plates  on 
the  inside  of  the  trough;  the  two  outer  compartments  were  well  bal- 
lasteCl,  while  the  middle  one  was  simply  filled.  An  equal  number  of 
ties  with  closed  ends  were  put  in  service  at  the  same  time.  It  was  soon 
ascertained  that  the  intermediate  plates  were  superfluous,  the  ends 
affording  all  necessary  resistance. 

Cost. — As  to  the  cost  of  ties,  while  prices  are  given  in  several  cases 
in  this  report,  yet  the  prices  of  foreign  ties  are  not  of  much  practical 
value  in  considering  the  use  of  such  ties  in  this  country,  sis  the  condi- 
tions of  the  various  foreign  metal  markets  may  differ  so  much  from  one 
another  and  from  the  conditions  prevailing  in  this  country.  Mr.  Post 
stated  in  1885  that  the  cost  of  a  good  steel  tie  should  not  be  more  than 
125  or  150  per  cent,  of  that  of  a  wooden  tie.  According  to  Mr.  Meyer, 
of  the  Prussian  state  railways,  iron  ties  weighing  110  pounds  and  cost- 
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ing  $1.73  eacb,  must  last  twenty-five  years,  iu  order  not  to  involve  an 
annual  charge  of  more  than  9.8  cents,*  which  is  the  average  annual 
charge  for  wooden  ties  on  German  railways. 

Economy. — The  economy  effected  by  the  use  of  metal  ties  lies  iu  the 
great  life  of  the  ties,  the  reduction  in  maintenance  expenses,  and  the 
higher  value  of  worn-out  metal  ties  over  wooden  ties.  The  economy  of 
the  metal  longitudinals  maybe  doubted,  on  account  of  the  extensive 
preparation  of  the  road-bed  to  secure  proper  drainage,  and  of  the  work 
of  maintenance  required  to  maintain  free  drainage.  The  Mexican  rail- 
way "will  feel  the  good  results  of  its  track  with  steel  lies  when  the  com- 
petition with  the  Interoceanic  Railway  begins,  as  the  track  will  be 
kept  in  first-class  condition  at  comparatively  small  cost,  enabling  the 
road  to  sustain  a  close  competition."  Mr.  Katt^,  chief  engineer  of  the 
New  York  Central  Railway,  estimates  that  the  use  of  the  steel  ties  now 
being  tried  on  that  line  will  effect  an  economy  of  8  to  12  per  cent,  in 
renewals,  repairs,  and  maintenance.  (See  also  "  Maintenance"  and 
"  Conclusion." 

Efficiency. — That  metal  ties  act  efficiently  in  making  a  good  track 
has  been  conclusively  and  satisfactorily  proved,  while  by  the  firm  seat 
and  secure  fastenings  the  danger  of  accident  from  spreading  of  the 
track  or  overturning  of  the  rails  is  very  considerably  reduced.  The 
gauge  is  also  maintained  more  accurately  and  the  track  is  kept  in  bet- 
ter line  and  surface  than  track  on  wooden  ties. 

Spacing  of  Ties. — The  question  of  the  spacing  of  the  ties  is  one 
which  should  be  given  careful  consideration,  and  the  distance  will 
depend  to  a  considerable  extent  upon  the  character  of  the  traffic.  On  a 
busy  main  line  with  fast  and  heavy  traffic,  the  ties  should  be  spaced  closer 
than  on  a  line  with  lighter  traffic.  The  average  is  about  30  to  3(5  inches. 
To  secure  the  best  results  and  the  most  easy  riding  track,  the  ties  should 
be  spaced  farthest  apart  at  the  mid-length  of  the  rail  and  closest  to- 
gether at  the  rail-joints.  Different  arrangements  of  spacing  of  steel 
ties  are  being  tested  on  the  New  York  Central  Railway. 

Track-Laying. — This  work  is  generally  v^ery  simple,  except  in  the 
case  of  systems  with  complicated  fastenings.  The  ties  are  sent  out  on  the 
cars,  with  the  fastenings  in  kegs,  or  in  some  cases  where  bolts  are  used, 
the  bolts  are  put  into  the  holes  and  the  nuts  screwed  on,  so  that  'when 
the  tie  is  put  in  the  track  the  fastenings  are  all  ready  to  be  adjusted  to 
the  rail.  With  many  forms  of  track  the  work  can  be  efficiently  done 
by  unskilled  labor,  but  it  is  of  course  always  better  to  have  experienced 
trackmen,  or  at  least  an  experienced  foreman  to  see  that  the  work  is 
done  carefully  and  correctly.  Careless  or  inaccurate  work  will  cause 
subsequent  trouble,  wliich  will  tend  to  create  a  prejudice  against  the 
track.    Poor  work  will  reduce  the  good  results  which  would  otherwise 

'This  charge  is  figured  even  too  low.  See  table  for  coiupnting  annual  charges  on 
p.  39  of  this  report.  The  metal  tie,  to  be  within  an  annual  charge  of  9.8  cents  on 
first  cost  alone,  mast  not  cost  more  than  $1.40.— B.  E.  F. 
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be  obtained.  A  point  to  be  considered  is  the  grade  of  track  labor  avail- 
able, lu  Europe  the  grade  is,  on  an  average,  pretty  high.  An  engi- 
neer who  has  made  an  inspection  of  the  Panama  Railway  stated  that  if 
wooden  ties  had  not  been  available  and  metal  ties  had  been  used,  there 
would  have  been  trouble  with  the  fastenings  and  attachments,  owing 
to  the  indolent  and  careless  nature  of  the  negro  trackmen. 

It  is  well  to  issue  to  the  section  men  printed  instructions  as  to  track- 
laying  and  maintenance,  illustrated,  if  necessary,  by  diagrams  prepared 
with  the  special  aim  to  make  them  clear  and  readily  understood.  The 
instructions  should  be  clear,  concise,  and  to  the  point. 

Ballasting. — Various  materials  for  ballast  are  used  for  metal  track 
on  different  roads.  In  Queensland,  the  Phillips  tie  is  intended  to 
be  used  without  ballast,  being  packed  with  the  surface  soil  of  the  coun- 
try, and  in  South  America  the  road-bed  is  carefully  built  up  with  the 
surface  soil  or  black  loam  as  ballast.  For  ordinary  circumstances,  such 
as  would  obtain  in  this  country,  gravel,  slag,  or  broken  stone  may  be 
used,  but  care  must  be  taken  to  consider  whether  the  material,  espe- 
cially slag,  is  likely  to  cause  corrosion.  (See  page2(>.)  Thebirilast  must 
be  clean  and  free  from  clay,  allowing  free  drainage.  It  is  essential  that 
the  ballast  should  be  thoroughly  packed  into  the  tie,  and  a  little  work 
with  the  tamping  bar  in  the  first  place  will  save  a  good  deal  of  subse- 
quent work  in  maintenance.  The  material  should  only  be  packed  hard 
at  the  ends  and  extending  some  inches  in  beyond  the  rail-seats,  leav- 
ing the  middle  of  the  tie  only  loosely  filled ;  if  the  middle  is  packed  hard 
and  the  ends  not  carefully  attended  to,  the  tie  will  have  a  tendency  to 
bend  or  "  hog,"  and  cause  an  unstable  track.  In  some  cases  the  ballast 
is  laid  in  two  rows  of  heaps;  one  tie  is  put  across  each  pair  of  heaps 
and  an  engine  run  over  the  track  forcing  them  down  into  the  ballast, 
which  is  then  packed  and  tamped  and  loose  ballast  filled  in  between  the 
rails.  The  ballast  should  generally  be  flush  with  the  top  of  the  tie ;  in 
some  cases  it  is  tilled  in  over  the  tops  of  the  ties,  and  this  practice  is 
carried  out  with  the  London  and  Northwestern  steel  ties  on  the  Pennsyl- 
vania Railway,  which  are  covered  with  fine  broken  stone.  Particular 
attention  should  be  given  to  keeping  up  the  road  bed  for  the  first  few 
mouths,  until  the  ballast  under  the  ties  becomes  well  consolidated  ; 
this  work  should  be  charged  to  construction  rather  than  maintenance. 
The  objection  has  been  made  that  it  is  difficult  to  tamp  and  pack  the 
hollow  ties  generally  used ;  experience  has  shown,  however,  that  while 
it  presents  some  ditficulty  at  first,  yet  the  ballast,  being  confined  within 
the  tie,  is  soon  compacted  by  the  passage  of  trains,  and  requires  little 
subsequent  attention.  The  saving  in  the  quantity  of  ballast  required 
is  shown  by  the  oflicial  figures  given  for  the  Western  and Simplon  Bail- 
way,  Switzerland. 

Renewals. — With  cross  ties,  bowls,  or  plates,  renewals  are  as  a  rule 
easily  effected,  but  with  longitudinals  the  work  is  more  difficult.  In 
most  cases  the  fastenings  of  any  one  tie  can  be  removed,  the  ballast 
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dng  avray,  the  tie  dropped  from  the  rail  and  removed,  and  a  new  tie 
I)nt  iu  place.  Where,  however,  as  on  some  railways  in  India,  the  rails 
have  to  be  tilted  to  get  the  flanges  under  the  lugs  when  being  laid,  all 
the  fastenings  and  both  joints  of  one  rail  must  be  removed  and  the 
rail  tilted  and  taken  out;  the  free  end  of  the  tie  can  then  be  raised  until 
the  opposite  end  can  be  slipped  off  the  rail.  In  some  cases  the  lugs 
can  be  pried  back  to  free  the  rail  flange,  and  in  other  cases  both  rails 
may  be  required  to  be  taken  out.  Renewals  of  mild  steel  ties  are  ex- 
pected to  be  very  few ;  the  material  does  not  rust  to  any  extent,  does 
not  wear  under  the  rail,  and  is  not  liable  to  crack  at  the  holes.  Of  ties 
laid  on  the  Netl^erlands  Stvite  Railways  in  18G5,  the  renewals  up  to  1887 
were  only  5  per  cent.  One  of  the  great  advantages  of  a  metal  track  is 
that  it  is  not  disturbed  frequently  by  renewals,  and  is  thus  left  in  good 
condition  for  running. 

Maintenanc^e. — It  is  generally  found  that  the  work  of  maintenance 
for  metal  track,  during  the  first  two  to  four  years,  is  as  much  as,  if  not 
more  than,  that  for  track  in  wooden  ties;  after  that  period,  however, 
the  work  becomes  less  and  less,  as  the  track  gets  well  settled  together, 
the  fastenings  firm,  and  the  ballast  consolidated,  while  with  wooden 
ties  the  work  increases  year  by  year  until  renewals  are  necessary.  The 
fastenings  being  secure,  do  not  require  constant  watching  and  frequent 
attention  as  with  spikes  in  wooden  ties;  and  an  occasional  surfacing  of 
the  ballast  and  inspection  of  the  ties  and  fastenings  is  all  that  will  be 
required;  nor  will,  as  stated,  the  frequent  disturbance  of  track  for  re- 
newals be  occasioned,  as  is  the  case  with  wooden  ties.  It  is  estimated 
that  on  the  Algerian  lines  of  the  Paris,  Lyons,  and  Mediterranean  Rail- 
way, the  adoption  of  metal  ties  has  effected  a  saving  of  one-fourth  of 
the  maintenance  work,  or  $62  per  mile  per  annum.  According  to  Mr. 
Post,  the  cost  per  mile  allowed  on  some  of  the  German  secondary  rail- 
ways in  1885,  for  the  renewal  of  steel  ties,  was  only  about  one-sixth  of 
the  sum  for  replacing  old  wooden  ties  per  mile  per  annum.  The 
amounts  were  deduced  from  the  statistics  of  the  Rhenish  Division  of 
the  Prussian  State  Railways,  which  has  been  using  metal  ties  since  1868. 

One  of  the  division  engineers  of  the  JSTetherlands  state  railways,  in 
his  annual  report  tor  1884,  stated  that  in  order  to  make  a  test  of  the 
metal  track  (Post  ties),  he  left  one  of  the  trial  sections,  having  a  grade 
of  1  in  83  and  a  curve  of  2,460  feet  radius,  near  Glons,  Belgium,  for 
twenty-two  months  (February,  1883,  to  December,  1884)  without  lining 
or  surfacing,  only  employing  one  man  for  thirty-four  days'  work  to  in- 
spect and  tighten  the  nuts ;  the  traffic  over  the  line  was  very  heavy, 
but  the  track  was  in  good  condition  at  the  end  of  the  test.  On  this 
division  the  cost  of  maintenance  per  mile  of  track  on  steel  ties,  after 
three  and  one-half  years'  service,  was  the  same  as  of  track  on  oak  ties, 
but  at  that  time  the  maintenance  expenses  of  the  former  commenced  to 
decrease,  the  track  being  by  that  time  firmly  settled,  while  it  would 
begin  to  increase  with  the  oak  ties.    In  Germany  the  cost  of  main- 
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tenauce  has  beeu  found  to  vary  from  $38  to  $360  per  mile  with  longi- 
tudinals, aud  from  $47  to  $107  per  mile  with  cross-ties ;  the  road-bed, 
ballast,  and  class  of  track  cause  these  great  differences.  On  the  Rhenish 
division  of  the  Prussian  state  railways,  the  work  of  maintenance  per 
100  miles  in  1879,  was  two  hundred  and  seventy-one  days'  work  for  track 
oil  wooden  ties,  two  hundred  and  nine  days' work  with  metal  longitu- 
dinals (23  per  cent,  less),  and  164.5  days'  work  with  metal  cross-ties  (35 
per  cent.  less). 

For  the  calculation  of  the  annual  cost  for  maintenance  and  renewals, 
the  following  points  must  be  considered : 

(1)  Annual  interest  on  first  cost. 

(2)  Annual  sum  laid  aside  for  depreciation. 

(3)  Value  of  old  material,  lessening  the  depreciation. 

(4)  Cost  of  labor  in  renewals. 

(5)  Cost  of  rail  fastenings. 

(6)  Cost  of  maintenance  of  the  road-bed. 

(7)  Influence  of  the  track  upon  the  life  and  repairs  of  rolling  stock. 
Frogs  and  Switches. — With  metal  track,  wooden  ties  are  very 

generally  used  at  frogs  and  switches,  but  metal  ties  can  as  well  be  used 
and  will  give  a  safer  track.  These  metal  ties  will  cost  rather  more  than 
the  ordinary  metal  ties,  on  account  of  their  greater  length  and  weight, 
and  the  extra  number  of  holes  required.  The  work  of  track  laying  will 
also  be  more  expensive  than  the  mere  spiking  of  rails,  guard-rails,  and 
frogs  to  wooden  ties.  But  when  once  well  laid  and  tamped,  the  track 
put  in  good  line  and  surface,  and  the  fastenings  tightened  up  a  few  times 
until  they  take  a  good  bearing,  the  maintenance  of  such  parts  of  the 
track  will  be  light,  while  the  safety  will  be  very  considerably  in- 
creased. Metal  ties  are  in  use  at  frogs  and  switches  in  Germany  and 
Switzerland,  and  their  use  is  to  be  specially  recommended,  as  at  these 
points  the  track  requires  to  be  kept  in  excellent  condition. 

Records. — It  is  very  desirable,  wherever  metal  ties  are  placed,  either 
for  a  small  experiment  or  with  a  view  to  general  adoption  of  the  sys- 
tem, that  careful  records  should  be  kept  of  the  date  of  laying,  construc- 
tion of  the  track,  amount  of  traffic,  amount  of  work  done  and  money 
spent,  notes  of  inspection,  results  observed,  etc.,  so  that  it  may  be  seen 
if  the  track  is  satisfactory  and  economical.  In  tliis  way  an  intelligent 
idea  may  be  obtained  as  to  the  general  results  of  the  experiments,  from 
a  financial  and  technical  point  of  view.  For  convenience  in  keeping 
notes,  some  plan  of  numbering  the  ties  might  be  ado|)ted,  reckoning 
between  mile-posts,  by  which  individual  ties  could  be  located  and  iden- 
tified in  case  of  breakage,  renewals,  tests  of  ditterent  fastenings,  etc. 

Ties  ma.de  from  Old  Rails. — Several  devices  have  been  patented 
for  the  utilization  of  old  rails  for  ties,  but  it  does  not  seem  probable 
that  they  will  be  used  to  any  extent.  In  the  first  place,  it  is  doubtful 
that  the  supply  of  old  rails  would  be  at  all  adecjuate  to  the  demand,  iis 
rails  rejected  from  main  tracks  may  be  safely  used  for  side  tracks,  and 
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are  often  so  used  until  very  badly  worn.  The  uneven  wear  of  the  rails 
would  be  an  objection  in  some  of  these  devices,  and  in  others  the  amount 
of  shop  work  is  quite  considerable,  entailing  an  expense  which  is  per- 
haps overlooked  when  economy  is  claimed.  Cross-ties  of  this  class 
have  been  tried  in  France  and  (jermany,  and  longitudinals  rolled  from 
old  rails  have  been  tried  on  the  Northwestern  Railway  of  Austria.  Old 
rails  are  proposed  for  the  manufacture  of  the  Duraud  tie  in  this  coun- 
try. Where  the  rails  are  to  be  worked  and  submitted  to  such  treatment 
as  rolling  into  plates  and  stamping  into  shape,  it  may  be  doubted  if 
the  metal  would  stand  this  working  successfully,  or  make  a  safe  and 
durable  tie.  It  would  be  especially  likely  to  crack  at  any  corrugations, 
corners,  etc.,  and  at  any  welded  parts ;  this  has  been  the  experience  in 
Austria.  There  might  be  a  limited  field  for  the  use  of  such  ties  on 
lines  with  light  traffic,  but  it  is  not  probable  that  they  would  prove 
efficient,  safe,  or  economical  on  main  lines  and  under  heavy  traffic. 
Any  apparent  cheapness  in  first  cost  would  probably  be  entirely  cov- 
ered by  additional  work  upon  the  track. 

Combinations  of  Wood  and  Metal. — A  very  large  number  of  ties 
have  been  invented  in  which  blocks  of  wood  are  placed  under  the  rail  as 
bearing-blocks,  and  many  inventions  of  this  kind  will  be  found  in  the  list 
of  United  States  patents  accompanying  this  report.  The  object  is,  of 
course,  to  combine  the  elasticity  of  the  wood  with  the  strength  and  dura- 
bility of  the  metal;  but  the  weight  of  experience  seems  to  show  that  the 
combination,  or  the  method  of  obtaining  it,  is  unnecessary  or  undesirable. 
Metal  ties  can  be  made  which  will  be  in  themselves  sufficiently  elastic, 
and  fastenings  can  be  made  which  will  hold  the  metal  surfaces  of  rail  and 
tie  rigidlj^  together.  The  use  of  wooden  bearing- blocks  has  been  found 
unsatisfactory  in  France,  Holland,  and  India.  In  regard  to  the  metal 
ties  with  wooden  bearing-blocks  tried  on  the  Eastern  Railway,  France, 
Mr.  Bricka  stated  in  his  report,  in  1885,  that  results  obtained  with  or- 
dinary fastenings  did  not  justify  the  interposition  of  a  block  of  wood  be- 
tween the  rail  and  the  tie,  and  that  it  was  probable  that  there  would  be 
a  play  of  the  pieces  after  a  time.  The  ^'  standard ''  steel  tie,  in  this  coun- 
try, in  experimental  service  on  the  Chicago  and  Western  Indiana  Rail- 
way, is  of  this  class  ;  but  it  differs  from  the  ordinary  plan  in  using  blocks 
of  preserved  wood,  which  are  compressed  before  being  used,  and  are 
placed  with  the  rails  resting  on  the  end  grain.  The  claims  made  are 
that  the  preservative  process  will  prevent  rotting  of  the  wood,  while  the 
compressing  and  manner  of  placing  will  prevent  flange  cutting.  By 
this  compression,  the  block  of  wood  would  be  practically  as  rigid  as  the 
metal,  but  it  is  of  course  less  vibratory. 

Tie  Plates. — A  method  extensively  employed  in  Europe,  and  re- 
cently in  this  country,  to  increase  the  durability  of  wooden  ties,  is  to 
use  metal  plates  between  the  rail  and  the  tie.  This  method  is  exten- 
sively adopted  in  Germany. 

The  use  of  metal  tie-plates  with  metal  ties  adds  considerably  to  the 
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cost,  aud  while  they  may  be  of  some  benefit  for  ties  of  light  section, 
yet  as  a  general  thing,  with  ordinarily  heavy  ties,  it  is  found  better  to 
place  the  rail  directly  upon  the  tie,  as  this  plan  with  good  fastenings  is 
less  liable  to  cause  noise  and  rattling.  Tie-plates  on  metal  ties  are  used 
in  Germany  and  Austria. 

Glass  Ties. — Glass  ties  were  made  by  Dr.  Siemens  in  Germany  some 
years  ago,  and  were  reported  to  have  given  excellent  results  as  to 
strength.  At  a  meeting  of  the  Cleveland  Institution  of  Engineers, 
England,  in  June,  1S89,  during  a  discussion  on  rails  and  railways,  the 
president  stated  that  some  years  previous  a  number  of  glass  ties  had 
been  put  down,  and  the  inventor  had  recently  informed  him  that  they 
were  still  in  service.  The  reason  w  hy  they  do  not  generally  find  favor, 
he  stated,  is  not  that  they  fracture,  but  because  they  were  very  expen- 
sive aud  there  was  a  difficulty  in  attaching  the  rails  to  the  ties. 

RACK  RAILWAYS. 

For  rack  railways  which  are  to  carry  ordinary  traffic,  and  which  form 
part  of  through  lines  of  railway  and  are  not  merely  lines  for  excursion 
travel,  steel  ties  are  generally  used,  as  they  give  a  more  secure  and 
stable  track.  Mr.  Einecker,  M.  Am.  Soc.  0.  B.,  of  Germany,  who  con- 
tracts for  the  construction  of  rack  railways  on  the  Abt  system,  stated 
as  follows  in  a  letter  acknowledging  the  receipt  of  Bulletin  III,  with 
my  preliminary  report: 

I  fully  concur  with  the  views  expressed  by  Mr.  Tratmau.  Being  engaged  in  the 
construction  of  rack  railways,  I  am  using  only  steel  ties,  on  account  of  their  relia- 
bility in  keeping  gauge  and  of  their  better  hold  in  the  ballast  against  sliding  down 
grade.     Where  steel  ties  fail  it  is  on  account  of  errors  in  shape  or  size. 

MILITARY   RAILWAYS. 

Light  railways  for  the  conveyance  of  supplies,  etc.,  are  much  used 
in  Europe  at  arsenals,  fortifications,  etc.  The  majority  of  these  lines 
are  of  the  portable  type,  made  in  sections,  so  as  to  be  readily  and 
rapidly  laid,  removed,  and  relaid.  In  France  very  heavy  cannon  are 
transported  over  such  tracks ;  special  cars  being  used  to  distribute  the 
weight  over  a  number  of  wheels.  In  Germany  tracks  of  this  kind  are 
used  in  field-work  and  manoeuvring.  The  English  array  in  the  Soudan 
campaign  had  a  light  railway  at  Suakin,  aud  the  Italians  have  also  a 
line,  but  of  a  more  permanent  type,  in  Africa.  In  the  Turkestan  war 
of  1883  the  French  army  had  60  miles  of  portable  railway,  20  inches 
gauge,  with  steel  rails,  weighing  14  pounds  per  yard ;  the  track  was  of 
the  Decauville  type.  In  the  Tunis  war  of  1883  the  French  army  had 
43  miles  of  similar  track,  but  with  24  inches  gauge  and  with  rails 
weighing  19  pounds  per  yard;  this  was  found  to  be  the  more  suitable 
and  efficient  track  for  the  purpose. 
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LIGHT  AND  PORTABLE  RAILWAYS. 

A  class  of  railway  with  inetal  ties  which  is  much  used  in  Euiopeand 
in  countries  where  work  is  carried  on  by  European  engineers,  is  tliatof 
light  and  })ortable  railways.  TLiey  are  of  various  classes,  from  the  per- 
manent line  of  42  inches  gauge,  operated  by  locomotives  and  adapted  for 
country  railways,  feeders  to  main  lines,  etc.,  down  to  the  really  portable 
lines  of  12  inches  gauge,  operated  by  horse,  mule,  or  bullock  power, 
and  adapted  for  plantation  and  contractors'  work,  etc.  Railways  of 
this  kind  would  not  only  be  beneficial  by  means  of  the  advantages  pos- 
sessed, but  would  also  effect  an  appreciable  saving  in  wooden  ties 
of  the  small  and  cheap  kind.  The  track  is  made  in  sections  of  conven- 
ient length,  built  up  at  the  manufactory,  which  have  merely  to  be  car- 
ried by  one  or  two  men  to  the  required  site,  laid  end  to  end,  and  con- 
nected, to  form  a  track  capable  of  carrying  considerable  traffic.  One 
man  can  carry  a  section  of  the  lighter  portable  class.  For  the  niore 
permanent  lines  some  amount  of  grading  and  ballasting  is  desirable. 
Curves,  switches,  etc.,  are  all  made  in  sections,  as  well  as  the  straight 
track,  and  the  lines  can  be  laid  by  unskilled  labor.  Several  firms  in 
Europe  have  extensive  works  engaged  in  the  manufacture  of  track, 
appurtenances,  and  equipment  for  this  class  of  line.  English  prices  a 
few  years  ago  varied  from  $1,450  to  $1,550  per  mile  of  single  track, 
straight  line,  of  16  and  24  inches  gauge,  suitable  for  animal  traction  ; 
and  from  $2,500  to  $2,700  per  mile  for  lines  of  18  and  30  inches  gauge, 
suitable  for  locomotive  traction.  In  the  well-known  system  of  the  De- 
cauville  Works,  France,  light  steel  flange  rails  were  riveted  to  steel  ties 
of  channel  section.  (See  France.)  In  England  various  forms  aud  modi- 
fications of  this  class  of  track  are  manufactured  by  the  following  firms: 
Dick,  Kerr  &  Co.,  Kerr,  Stuart  &  Co.,  Boiling  &  Lowe,  J.  Fowler  &  Co., 
W.  C  Bagnall,  J.  &  T.  Howard,  the  Darlington  Steel  aud  Iron  Com- 
pany, and  others.  (See  England  and  France.)  A  form  of  the  Post 
steel  cross-tie  is  manufactured  by  the  Hoerde  Works,  Germany,  for  light 
railways  of  24  inches  gauge.  The  ties  are  of  the  uarual  form,  except  that 
the  lower  part  is  horizontal  and  the  increased  depth  at  the  middle  is 
obtained  by  bending  up  the  top  table.  They  are  33  inches  long,  4  inches 
wide,  and  1  inch  deep  at  the  ends,  2.34  inches  wide,  and  2.2  inches  deep 
at  the  middle ;  the  thickness  is  .16  inch,  and  .24  inch  at  the  rail  seats. 
Some  of  the  ties  are  of  uniform  section  throughout.  The  rails  are  of 
flange  section  6.56  feet  long;  they  are  secured  to  the  ties  by  hook-bolts, 
the  nut  being  inside  the  tie.  Projecting  splice  plates  are  riveted  to 
one  end  of  each  rail.  Each  section  of  this  track  consists  of  two  rails, 
three  ties,  and  four  splice-plates  ;  the  weight  of  the  section  complete  is 
88  pounds.  For  further  particulars  of  these  railways,  see  an  article  of 
mine  on  "  Light  and  Portable  Railways,"  in  Engineering  News,  New 
Xork,  September  6,  1884, 
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STREET   RAILWAYS. 

In  European  practice  the  use  of  wood  in  street  railway,  or  tramway, 
tracks  has  been  very  generally  abandoned,  especially  in  the  cities.  For 
city  streets,  the  track  usually  consists  of  grooved  steel  rails  resting  on 
cast-iron  chairs  or  steel  cross-ties  or  longitudinals.  A  concrete  founda- 
tion is  almost  invariably  used  for  such  streets,  and  quite  frequently  for 
suburban  and  country  roads.  This  system  of  construction  is  also 
adopted  by  English  engineers  in  other  countries,  as  at  Honolulu,  Hong- 
Kong,  and  Buenos  Ayres.  Similar  systems  are  being  introduced  in  this 
country,  but  to  a  comparatively  limited  extent,  the  style  of  track  with 
flat  rails  spiked  to  wooden  stringers  resting  on  wooden  crosis-ties  being 
still  the  ordinary  practice.  Ifotes  on  street  railway  tracks  and  descri^j- 
tions  of  different  American  and  foreign  systems  of  construction  will  be 
found  in  my  paper  on  "The  Improvement  of  Railway  and  Street  Rail- 
way Track,"  read  at  the  convention  of  the  American  Society  of  Civil 
Engineers,  in  June,  1889. 

CONCLUSION. 

In  this  report  information  has  been  given,  as  shown  by  the  tabular 
summary,  covering  experience  on  nearly  25,000  miles  of  metal  track  on 
railways  in  foreign  countries,  or  13.21  per  cent,  of  the  total  mileage 
(187,721  miles)  of  the  world,  exclusive  of  the  United  States  and  Canada. 
This  percentage  is  steadily  increasing,  as  indicated  by  the  reports  from 
several  railways,  in  which  it  is  stated  that  metal  ties  are  being  substi- 
tuted for  wooden  ties,  either  in  large  sections,  of  track  or  by  replacing 
wooden  ties  with  metal  ties  as  renewals  are  required.  In  the  face  of 
such  figures,  based  upon  ofiicial  returns  and  statements,  it  can  no  longer 
be  claimed  that  the  metal  track  question  is  still  upon  an  experimental 
basis.  The  official  returns  from  some  countries — Germany,  Switzer- 
land, and  India,  especially — show  that  the  results  of  experience  extend- 
ing over  several  years  have  led  in  several  cases  to  the  adoption  of  metal 
track,  and  that  this  is  becoming  the  standard  track  of  railways  in  those 
countries. 

In  regard  to  the  statements  which  have  appeared  in  print  from  time 
to  time,  to  the  effect  that  the  use  of  metal  ties  in  Germany  has  been  un- 
satisfactory and  is  being  abandoned,  I  may  refer  to  the  official  state- 
ments in  this  report  from  the  leading  railways  in  that  country.  These 
statements  show  that  the  results  have  been  sufficiently  satisfactory  to 
lead  to  the  entire  adoption  of  metal  ties  on  some  lines  and  their  con- 
tinued and  extended  use  on  other  lines.  The  only  instance  in  which 
they  have  been  abandoned  is  on  the  Altona  division  of  the  Prussian 
state  railways,  and  there,  as  stated  in  the  official  return,  the  reason 
has  been  in  the  nature  of  the  road-bed,  etc.,  rather  than  in  the  ties. 
The  agitation  made  a  few  years  ago  by  the  iron  industries  in  Gern)any, 
asking  for  the  increased  use  of  metal  ties,  only  showed  that  the  Govern- 
22893— Bull.  4 21 
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ment  was  Dot  piittiDg  in  these  ties  on  its  lines  in  stifficieht  ^uahtity  to 
suit  the  iron  trade  people,  and  not  that  the  use  of  metal  ties  t^as  being 
discontinued.* 

The  most  extensive  introduction  of  metal  track  has  been  in  Germany, 
India,  and  South  America.  In  the  first  two  countries  steel  cross-ties 
are  practically  the  generally  adopted  type,  although  dift'erent  forms  of 
this  type  are  in  use  in  (ierraany.  Cast  iron  is  still  extensively  used  in 
India.  In  South  Airierica  the  metal  ties  used  are  mainly  cbmposed  6f 
a  pair  of  cast-iron  bowls  connected  by  a  tie-bar,  but  6veri  tliet-e  steel 
cy-olss-ties  are  being  iiitroduced.  The  weight  of  evidence  atid  the  results 
of  experience  point  towards  the  steel  cross- tie,  as  making  tbe  best  tr.ick 
and  giving  the  best  results  in  other  ways,  for  heavy  service  at  least, 
and  therefore  are  destined  to  become  the  staudai  d  tie  for  first  class 
ttack.  As  to  the  weight  of  these  ties,  it  may  be  considered  that  for 
lines  with  heavy  traflBc  it  should  be  between  120  and  150  pounds,  ac- 
cording to  traffic  and  other  conditions. 

The  following  brief  synopsis  will  give  a  general  idea  of  the  wide- 
spi^ead  lise  of  meta!l  track : 

England. — Steel  cross-ties  are  being  tried  on  a  practical  scale  on  the  London  and 
Nortliwestern  Railway  and  the  Northeastern  Railway.  Experiments  on  a  small 
scale  have  been  made  on  other  roads. 

France. — Trials  with  different  forms  of  cross  ties  are  in  progress  on  the  state  rail- 
ways. Five  of  the  principal  companies  have  also  made  experiments,  and  some  of  the 
trials  are  still  in  progress. 

Holland. — Extensive  trials  of  iron  and  steel  cross-ties  have  been  rtiade  on  the 
Netherlands  State  Railway.  The  use  of  the  Post  steel  tie  is  being  extended.  Other 
roads  are  also  using  metal  ties. 

Belgium. — The  State  has  directed  the  carrying  out  of  extensive  trials  of  metal  ties, 
and  the  trials  are  now  in  progress.  The  Northern  Railway  and  Great  Central 
Railway  are  also  using  metal  ties.  They  are  being  adopted  on  some  of  the  local  and 
narrow-gauge  lines. 

Germany.— On  the  several  state  railways  extensive  trials  with  metal  ties  and  lon- 
gitudinals have  been  in  progress  for  several  years,  and  several  hundred  miles  of  metal 
track  ar6  now  in  service.  The  use  of  longitudinals  is  being  abannonfed,  but  the  use 
of  cross-ties  is  rapidly  extending,  and  on  some  lines  they  h%ve  been  entirely  adopted. 
On  the  whole  the  results  have  been  very  satisfactory. 

Austria  and  Hungary. — Two  principal  systems  of  metal  track  are  in  service.  The 
Heindl  system^  of  cross-ties  and  the  Hohenegger  system  of  longitudinals. 

Switzerland. — Metal  ties  are  iil  service  to  a  considerable  extent.  The  results  have 
been  satisfactory  and  the  use  of  these  ties  is  being  extended. 

Spain. — Steel  erosS-ties  are  in  service  on  a  narrow-guage  railway,  and  cast-iron 
bowls  on  a  broad-gauge  railway. 

Portugal. — An  experiment  on  a  small  scale  has  been  made  on  the  state  railways. 

Italy. — No  metal  ties  are  in  regular  service,  but  a  few  have  been  imported  for  ex- 
periment. 

•Objections  to  the  use  of  metal  ties  in  Germany  come  also  from  the  forest  adminis- 
tration, for  the  reason  that  the  u)arket  for  one  of  its  staple  products,  beech  raili'cad 
ties  (creosoted),  which  have  been  grown  in  excess,  has  been  limited  by  the  substitu- 
tion of  metal,  and  hence  an  unfavorable  showing  on  the  balance  sheet  of  many  for- 
est districts.  Unlike  the  conditions  in  our  country,  in  Germany  a  proper  forest  policy 
does  not  require  this  substitution  — B.  E.  F. 
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Sweden. — A  few  steel  ties  are  in  service  for  experimental  purposes  on  the  state 
railways. 

Norway. — No  metal  track  has  been  tried. 

Denmark. — Steel  ties  are  in  service  on  the  state  railways.  The  results  are  fairly 
satisfactory. 

Russia. — Experiments  have  been  made  on  a  small  scale,  but  have  apparently  been 
abandoned. 

Turkey. — Several  miles  of  track  near  Constantinople  are  laid  with  metal  ties. 

Africa. — In  North  Africa  cross-ties  are  in  use  in  Algeria  and  Egypt,  and  bowls  in 
Egypt.  Bowls  and  cross-ties  are  in  use  in  South  Africa.  Steel  cross-ties  are  reported 
as  to  be  used  on  the  projected  Congo  Railway. 

Australia. — Steel  ties  are  being  used  quite  extensively  in  South  Australia  and 
Queensland.  In  the  latter  colony  the  track  is  of  a  type  designed  especially  for  cheap 
construction  of  railways  in  even  country. 

jVieio  Zealand  and  Tasmania. — No  metal  track  is  used. 

India. — Metal  track  in  in  very  extensive  use  and  is  being  constantly  laid.  Cast- 
iron  bowlsare  becoming  obsolete,  but  cast-iron  plates  (in  pairs,  connected  by  tie-bars) 
are  largely  used  and  with  satisfactory  results.  A  special  form  of  steel  cross-tie  is  iu 
extensive  service  on  the  state  railways  and  other  lines,  and  seems  likely  to  become 
the  standard  form  of  track.     It  has  given  very  good  results. 

China. — A  few  metal  ties  are  to  be  tried  as  an  experiment. 

Japan. — Metal  ties  were  used  some  years  ago,  but  they  have  all  been  taken  out. 

South  America. — In  the  Argentine  Republic  cast-iron  bowls  are  very  extensively 
used  and  with  satisfactory  results.  Steel  cross-ties  are  also  beginning  to  be  intro- 
duced.    Limited  trials  have  been  made  in  Brazil. 

Mexico.  —Steel  ties  similar  to  those  now  adopted  in  India  for  the  state  railways  are 
iu  service  on  the  Mexican  Railway.    The  results  have  been  very  satisfactory. 

The  principal  point  of  view  from  which  the  metal  track  question  is 
considered  in  this  country,  and  the  one  which  was  of  course  specially 
taken  by  the  Department  of  Agriculture  in  calling  for  the  preparation 
of  this  report,  is  that  which  considers  it  in  relation  to  forest  conserva- 
tion and  the  reduction  of  the  consumption  of  timber.  But  there  are 
other  points  of  view,  from  which  the  subject  will  be  presented  in  rather 
different  relations.  Leaving  out  of  consideration  the  necessity  for 
reducing  the  timber  consumption,  metal  track  will  still  present  many 
advantages,  which  will  be  especially  apparent  to  railway  men.  In  the 
first  place,  it  has  been  proved  to  be  more  economical  iu  maintenance 
than  track  on  wooden  ties,  and  there  can  be  no  doubt  as  to  the  superi- 
ority of  a  well  designed  system  of  metal  track  iu  regard  to  eflBciency 
and  safety.  A  better  track  may  be  made,  and  with  such  secure  fasteu- 
ings  as  are  in  general  use,  there  will  be  a  minimum  of  danger  with  a 
minimum  of  track  work  for  the  running  of  trains.  The  overturning  or 
spreading  of  the  rails,  which  causes  so  many  accidents,  can  scarcely 
occur  with  a  well  designed  system  of  metal  track.  There  need  be  little 
if  any  extra  noise  with  the  passage  of  trains,  and  the  riding  of  trains 
may  be  as  smooth  and  quiet  as  on  track  with  wooden  ties.  Iu  general 
it  may  be  stated,  that  steel  ties  should  be  adopted  as  the  standard  for 
first-class  track  on  lines  with  heavy  traffic.  Steel  ties  should  be  intro- 
duced as  an  advancement  in  railway  engineering,  and  as  a  stei)  towards 
practical  economy.    A  good  metal  track,  when  once  well  laid  and  set- 
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tied,  is  in  itself  a  measure  of  safety  and  a  source  of  economy  in  main- 
tenance and  operation.  This  is  in  relation  to  the  main  line,  but  metal 
track  presents  also  special  adv^antages  for  use  at  stations  and  yards. 
A  metal  track  at  such  places,  when  once  well  laid  and  settled,  is 
practically  permanent,  and  there  is  a  great  reduction  in  disturbance 
and  expense  for  repairs  and  in  the  chances  for  derailments,  which  are 
specially  troublesome  at  terminals,  yards,  stations,  etc.  Metal  track  is 
also  adapted  for  light  and  portable  railways,  street  railways,  etc. 

As  regards  the  relations  of  first  cost  and  economy,  Mr.  Walter  Katt6, 
chief  engineer  of  the  New' York  Central  and  Hudson  River  Railway, 
has  estimated  and  closely  calculated  that  if  the  steel  ties  now  being 
tried  on  his  line  last  for  fifty  years,  which  he  estimates  as  their  life, 
there  will  be  a  relative  economy  of  from  8  to  12  per  cent,  in  favor  of 
these  ties.  The  ecouomj'^  is  in  renewals,  repairs,  and  general  mainte- 
nance. I  have  examined  Mr.  Katte's  figures,  and  have  calculated  that 
even  if  the  life  be  taken  as  only  thirty-three  years,  there  will  still  be  a 
material  saving  per  mile  per  annum. 

I  am  particularly  pleased  to  be  able  to  show  in  this  report  that  this 
subject  is  being  practically  considered  and  tested  in  this  country,  some 
fairly  extensive  trials  being  now  in  progress.  From  the  results  of  sev- 
eral years'  experience  in  foreign  countries,  it  can  not  be  doubted  that  it 
is  entirely  practicable  to  successfully  introduce  metal  track  into  the 
United  States.  American  ingenuity  and  skill  will  probably  produce 
ties  of  equal  or  greater  efficiency  than  those  in  use  in  other  countries. 

This  report  will  show,  I  think,  to  railway  financiers  as  well  as  to 
practical  railway  men,  the  advantages  attending  the  use  of  metal  track. 
In  regard  to  the  dcvsirability  of  introducing  such  track,  I  quote  as  fol- 
lows from  an  interesting  letter  to  me  from  Mr.  0.  P.  Huntington,  of 
the  Southern  Pacific  Railway  Company,  in  January,  1890 : 

I  have  for  several  years  advocated  the  nse  of  metal  ties  along  the  timberless  regions 
of  our  lines,  and  while  none  of  them  have  as  yet  been  put  in  use,  I  think  they  will 
be  given  a  trial  in  the  ne:ir  future.  You  have  no  doubt  experienced  that  time  and 
considerable  patience  is  necessary  to  direct  the  minds  of  men  into  fields  of  investiga- 
tion differing  from  those  in  which  they  have  been  educated,  and  in  the  practice  of 
which  they  have  spent  a  large  part  of  their  lives.  To  this  fact  I  attribute  much  of 
the  apathy  manifested  in  giving  metallic  ties  a  trial ;  but  now,  as  their  merits  and 
those  of  the  various  designs  in  use  are  being  discussed  by  American  writers  and 
engineers,  there  will  be  a  quickening  of  opinion  about  them,  which  is  likely  to  make 
them  in  the  next  few  years  a  factor  of  some  importance  in  the  discussion  of  railroad 
economies. 

This  report  certainly  shows  the  practicability  of  the  matter  and  its 
desirability  from  several  points  of  view.  It  may  fairly  be  reasoned  that 
what  has  been  successfully  accomplished  abroad  may  be  accomplishe«l 
with  equal  success  in  this  country.  I  have  reported  with  pleasure  tliat 
more  and  more  attention  is  being  paid  to  this  matter,  and  that  since  the 
presentation  of  my  preliminary  report  in  February,  1889,  really  prac- 
tical trials  have  been  instituted.    It  is  my  wish  that  the  present  report 
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may  prove  of  some  service  in  keeping  alive  and  increasing  the  present 
interest  in  the  matter,  and  that  it  may  prove  instrumental  in  furthering 
the  practical  work  in  this  important  direction. 

Finally,  while  I  can  not  predict  any  general  or  extended  movement 
in  this  direction  in  the  near  future,  I  can  certainly  state  that  there  has 
been  a  marked  advance  within  the  last  year  or  two,  and  that  tbis  ad- 
vance appears  likely  to  continue.  I  think  it  highly  probable  that  the 
question  of  the  use  of  metal  ties  for  railwaj^s  as  a  substitute  for  wooden 
railways  will  gradually,  steadily,  and  surely  become  one  of  the  live 
problems  of  railway  economics. 


PATENTS  RELATING  TO  METAL  RAILWAY  TRACK. 

By  E.  E.  Russell  Tratman. 

The  following  list  of  United  States  patents  relating  to  metal  railway 
track  and  other  substitutes  for  wooden  ties  will  be  found  useful  by 
persons  interested  in  the  subject.  It  could  not  practically  be  made  any- 
thing more  than  a  descriptive  index,  giving  sufficient  information  to 
enable  any  one  who  wishes  to  investigate  more  fully  to  form  some  idea 
of  the  different  types  patented,  and  to  find  the  specifications. 

No.  1262;  date,  July  26,  1839;  J.  Stimpson. — Transverse  frames  resting  on  longi- 
tudinal timbers,  with  inclined  braces  to  hold  them  in  position,  and  sockets  at  the  top 
to  receive  the  web  of  a  rail  with  a  very  narrow  flange. 

No.  7799;  date,  November  26,  1850;  H.  H.  May.— A  cast-iron  column  under  each 
rail;  broad  circular  base ;  top  formed  to  make  a  chair  for  a  double-headed  rail,  and 
having  a  projecting  arm  forming  half  of  a  transverse  tie-bar. 

No  16898 ;  date,  March  24,  1857 ;  H.  Carpenter.  —A  short  hollow  post  under  each 
rail,  connected  by  a  tie-plate  ;  T-shaped  fastening  fitting  into  hollow  of  post.  (See 
Nos.  35198,  99531.) 

No.  18494;  date,  October  27, 1857 ;  S.  A.  Beers. — Contin nous  longitudinal  structure, 
with  transverse  tie-bars.     Saddle-rail  of  _j'\^  section. 

No.  19704;  date,  March  23,  1858;  S.  H.  Long.— Cross-ties  of  channel  [  |  section 
or  T  section  (the  latter  made  of  two  angle-irons.)  Continuous  flat  plate  under  ordi- 
nary rail. 

No.  20620 ;  date,  June  22, 1858 ;  W".  Bryant. — Combined  longitudinal  grooved  rail 
and  iron  pavement. 

No.  29693;  date,  August  21,1860;  Alexander  Hay. —A  deep  support  to  be  driven 
into  the  earth  under  each  rail ;  either  flat  or  twisted  into  a  spiral ;  flat  head,  with 
chair  to  support  rail. 

No.  32794;  date,  July  9,  1861;  B.  C.  Smith. — Wide  longitudinal  channel  sleeper 
and  rail  combined,  with  transverse  rods.  A  raised  rib  lengthwise  of  the  sleeper  forms 
the  rail.    (See  No.  36579.) 

No.  35198 ;  date.  May  6,  1862 ;  H.  Carpenter. — A  cylindrical  casting  with  a  wide 
rectangular  base  is  under  each  rail ;  the  pairs  connected  by  transverse  tie-bars.  The 
flange  rails  are  held  in  chairs,  the  bottom  of  which  fits  into  the  cylindrical  casting  or 
embraces  it  like  a  cap.     (See  No.  16898.) 

No.  35879 ;  date,  July  15, 1862 ;  Herman  J.  Lombaert. — A  continuous  metal  stringer 
is  laid  on  wooden  cross-ties ;  the  flange  rails  rest  on  metal  tie-plates  with  one  end 
bent  to  a  hook  to  hold  one  side  of  the  flange  of  the  rail.  The  other  side  is  held  by  a 
gib  and  cotter.    Object,  to  separate  the  wearing  and  bearing  parts  of  the  rail. 

No.  36579 ;  date,  September  30,  1862 ;  B.  C.  Smith.— Longitudinal  cast-iron  con- 
tinuous bearing,  of  channel  section,  connected  by  transverse  tie-rods.  Rail  secured 
to  chairs.     (See  No.  32794.) 

No.  38274 ;  date,  April  28, 1863 ;  J.  Anthony.— Metal  chair  and  tie-plate  for  flange 
rails  on  wooden  ties. 
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ifo.  53507;  date,  March  27,  1866;  Frauz  Vester.— Flat  cross-tie,  with  two  deep  cor- 
rugatious  along  its  whole  length.    Ends  turned  down. 

No.  58563;  date,  October  2,  1866;  Swaiu  Winkley.— A  corrugated  plate  of 
\y\y'\^  shape  under  each  rail,  connected  by  a  tie-bar. 

No.  59112;  date,  October  23,  1866;  Swain  Winkley. — A  corrugated  or  buckled  iron 
plate  under  each  rail,  connected  by  a  tie-bar;  rails  held  by  clamps  and  keys. 

No.  63161;  date,  March  26,  1867;  B.  B.  Hotchkjss. — A  combined  track  and  pave- 
ment. Cast-iron  frames  the  width  of  the  track  are  fitted  to  receive  wooden  blocks, 
to  which  flat  rails  are  spiked. 

No.  66711 ;  date,  July  16,  1867 ;  R.  M.  Holland.— Cross-tie  of  A  section.  Flange 
cut  away  for  rails.    Hinged  wedge  fastening. 

No.  70731  ;  date,  November  12.  1867 ;  Henry  McCan.— Broad  flat  transverse  base- 
plates, with  longitudinal  girders  held  together  by  tie-rods.  Rails  resting  on  top  of 
girders. 

No.  71063 ;  date,  November  19,  1867  ;  Leonard  Repsher. — Wrought-iron  cross-tie, 
bent  up  at  ends  to  embrance  flange  and  web  of  rail,  angle-damp  bolted  to  tie  on  in- 
side of  rail.    Bolt  through  clamp,  web  of  rail,  and  end  of  tie. 

No.  79016;  date,  June  16,  1868;  William  F.  Serjeant. —Deep  flat  tie-bars  connect 
the  rails,  which  rest  on,  but  are  not  spiked  to,  wooden  ties.  At  each  end  of  the  bars 
are  jaws  to  hold  the  base  of  the  rail. 

No.  83880;  date,  November  10,  1868;  J.  Potter.— Flat  transverse  base-plate,  with 
two  uprights  which  support  continuous  stringers,  to  which  flangeless  T-rails  are 
bolted, 

No.  84023;  d-ite,  November  10, 1868 ;  A.  Van  Guysling.— 4 hollow  iron  column  under 
each  rail ;  the  rajl  is  secijred  to  a  chair  keyed  to  the  top  of  the  cpluran.  The  columns 
^.re  connected  by  tie-bars  at  the  top ;  or  they  may  be  cast  ii^  combinatipn  with  a  hol- 
low transverse  base,  in  one  piecie. 

No.  92874  ;  date,  Jujy  20,  1869;  W.  J.  CockburuMuir  (England).— Hollow  inverted 
bowls,  coiunected  by  transverse  tie-bars;  the  r^ils  are  secured  by  lugs  and  keys. 

No.  94856;  date,  September  14,  1869;  C.  G.  Wilson. — Two  channel  irons  placed 
back  to  back  form  a  continuous  stringer,  and  rest  on  wooden  stringers.  The  web  of 
a  flapgeles^  T-rail  rests  between  the  channel  irons.  The  iron  stringers  are  connected 
by  tie-bars. 

No,  97020;  date,  November  16,  1869;  A.  Van  Camp  and  M.  M.  Hodgraan. — For 
street  railways.  A  deep  rail  with  flat  head  and  a  web  corrugated  longitudinally  is 
bedded  in  asphaltic  or  concrete  composition.  A  groove  is  made  in  this  composition 
along  the  side  of  the  rail. 

No.  97224;  date,  November  23,  1869;  John  H.  Phillips.— Inverted  bowls  or  sau- 
cers, having  a  chair  for  the  rails  and  being  connected  by  tie-bars. 

No.  99531 ;  date,  February  8,  1870 ;  H.  Carpenter. — A  hole  is  bored  at  each  end  of 
a  wooden  tie  for  the  stem  of  a  T-shaped  metal  support ;  the  rail  rests  on  a  T-shaped 
plate,  having  lugs  to  hold  the  flanges  of  the  rail  and  a  stem  underneath  to  fit  into 
the  hollow  stem  of  the  seat.     (See  No.  16898.) 

No.  101751 ;  date,  April  12,  1870;  Edward  G.  Markley. — A  cast-iron  column,  in  the 
form  of  a  truncated  cone,  is  under  each  rail.  On  top  is  a  chair  for  the  rail.  Tie-bars 
connect  the  pairs  of  columns. 

No.  107643 ;  date,  September  20,  1870 ;  C.  H.  White.— Flat  transverse  bed-plates 
laid  on  wooden  stringers  or  cross-ties.  The  rails  are  of  fl  or  bridge  section,  and  rests 
on  tie-plates  having  a  rib  which  fits  into  the  rail. 

No.  109504 ;  date,  November  22,  1870 ;  C.  Fisher. — Cross-tie  of  inverted  trough 
section,  with  closed  ends.  Two  pockets  for  wooden  bearing  blocks.  Kail  fastened 
by  flat  plates  resting  on  tie  and  rail  flange,  screwed  to  the  wooden  blocks. 

No.  112805;  date,  March  21,  1871;  S.  M.  Guest. — A  railway  joint  chair,  combined 
with  an  iron  cross-tie  of  T  section. 
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No.  118260;  date,  Angust  22,  1871 ;  Elijah  Myric"k.— A  ring-sh.-iped  tie-plate,  with 
three  studs  or  pins  to  be  driven  into  the  wooden  tie. 

No.  1219r)6 ;  date,  December  19,  1871 ;  J.  Newton. — A  rail  fastening  for  iron  ties. 
Flat  tie  with  end  turned  up,  wooden  wedge  between  rail  and  end  of  tie,  vertical  jib 
and  cotter  fastening  (with  serrated  cotter)  on  inside  of  rail. 

No.  123526 ;  date,  February  6,  1872 ;  L.  E.  Towne. — Cylindrical  cross-tie  with  a  flat 
base-plate  at  each  end,  secured  by  a  strap  passing  round  the  tie. 

No.  124521;  date,  March  12,  1872;  R.  M.  Upjohn. — Longitudinals  under  each  rail, 
of  J_  section,  with  very  high  vertical  web.  The  rail  is  of  _f\_  section,  and  rests 
upon  the  flanges  of  channel  irons  bolted  to  the  vertical  web  of  the  longitudinals. 

No.  127553 ;  date,  June  4, 1872 ;  and  No.  130010  ;  date  July  30, 1872 ;  John  L.  Boone.— 
Ties  made  of  a  composition  of  fiber  or  other  material,  saturated  with  asphaltum  aud 
shaped  under  pressure. 

No.  128120;  date,  June  18, 1872;  Joseph  H.  Connelly. — A  longitudinal  of  concrete  is 
laid  under  each  rail  and  covered  with  a  continuous  iron  plate.  The  rails  rest  on 
wooden  tie-plates  and  are  supported  by  chairs. 

No.  13441S ;  date,  December  31, 1872;  James  Calkins. — The  contianous  longitudinals 
of  channel  sections  have  lugs  to  hold  the  outer  flange  of  rails;  transverse  plates  pro- 
ject overthe  inner  flange  and  are  bolted  to  the  longitudinals. 

No.  135667 ;  date,  February  11, 1873 ;  Alexander D.  Rock. — Castings  of  "frying-pan " 
shape  ;  the  rail  is  secured  to  a  chair  on  the  bowl,  and  the  "  handle  "  forms  half  of  a 
transverse  tie-bar;  the  ties  are  connected  by  diagonal  rods. 

No.  136067  ;  date,  February  18, 1873  ;  J.  W.  Kern.  —A  continuous  road-bed  of  A  sec- 
tion, with  the  rails  laid  on  the  horizontal  flanges.  Transverse  base-plates  at  inter- 
vals.    The  bed  to  be  of  J-iuch  boiler  iron. 

No.  139031 ;  date,  May  20, 1873 ;  William  H.  Sterling.— Ties  of  a  compressed  asphaltic 
or  other  composition,  with  wooden  plugs  embedded  in  the  material  to  receive  the  rail 
spikes. 

No.  139518;  date,  June  3,  1873;  W.  Peck  and  H.  C.  Ricbman. — Two  chairs  con- 
nected by  a  horizontal  flat  tie-plate.     Wooden  bearing-blocks  in  the  chairs. 

No.  140411 ;  date,  July  1,  1873  ;  C.  W.  Gulick. — A  flat  wrought-iron  cross-tie  with 
ribs,  to  form  a  channel  for  the  flange  of  the  rail.  Fastenings  of  iron  ,^,  inch  diameter 
under  tie,  passing  up  through  holes  in  the  same,  with  ends  bent  over  rail  flange. 
Ties  about  5  inches  wide  and  i  inch  thick. 

No.  142668 ;  date,  September  9,  1873 ;  J.  R.  Beckett. — Street  railways.  Transverse 
rods  forming  tie-plates  for  the  rails  and  braces  for  the  wooden  stringers. 

No.  143407  ;  date,  October  7, 1873 ;  P.  S.  Devlan. — A  cross-tie  made  of  two  iron  plates 
on  edge,  fastened  together  at  the  middle  and  widening  out  to  hold  a  wooden  block 
at  each  end. 

No.  144207;  date,  November  4,  1873;  George  Keech. — Longitudinal  plates  under 
each  rail,  with  lugs  to  hold  outside  of  rail  flange.  Transverse  tie-plates  project  over 
the  inner  flange  and  are  secured  by  horizontal  bolts  passing  through  lugs  on  the  base 
plate. 

No.  145250;  date  December  2,  1873;  T.  R.  Timby. — Bowls  of  different  forms  cast 
on  the  ends  of  a  deep  flat  steel  or  wrought-iron  tie-bar.  ■  In  the  end  of  the  bar  are 
holes  through  which  the  metal  flows  and  thus  secures  the  casting  of  the  bar.  (The 
method  is  similar  in  principle  to  that  of  the  Chappie  tie  now  being  tried  on  the 
Western  Railway  of  France.)    (See  the  report.) 

No.  145991 ;  date,  December  30,  1873 ;  II.  L.  De  Zeng. — Wrought-iron  cross-tie 
of  I  I,  U  U,  or  other  section.  A  clip  stamped  out  of  the  metal  holds  outer  flange 
of  rail ;  loose  clip,  secured  by  vertical  key  or  cotter  holds  inner  flange.  (See  Nos. 
1.55.369 ;  334696 ;  380623 ;  400643.) 

No.  146376;  date,  January  13,  1874;  G.  H.  Blaisdell.— A  cast-iron  cross-tie  of  A 
section,  with  wide  flat  deep  ends,  having  sockets  for  wooden  blocks.  A  bolt  passes 
through  both  blocks  and  the  whole  length  of  the  tie. 
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No.  147563;  date,  February  17,  1874;  P.  Kendrick  andJ.  Stokes. — A  cross-tie  made 
of  two  old  rails  laid  parallel,  with  a  wooden  block  between  them  at  each  end,  and 
base-plates  if  desired. 

No.  148242;  date,  March  3,  1874;  George  Potts. — Continuous  bearing  of  wood  held 
between  two  continuous  iron  stringers  of  ±  section,  the  top  of  the  web  being  bent 
over  to  hold  the  rail  flange.    Bolts  pass  through  the  three  pieces. 

No.  152469 ;  date  June  30,  1874  ;  Abram  Dehutf. — The  rails  are  spiked  at  the  tops  of 
short  wooden  piles  or  stakes,  and  are  connected  by  iron  tie-bars. 

No.  155369 ;  date,  September  29, 1874  ;  H.  L.  De  Zeng. — A  cross-tie  of  inverted  trough 
Section,  with  open  ends,  but  with  projecting  wings  at  ends  to  prevent  lateral  dis- 
placement.    (See  No.  145991.) 

No.  158437;  date,  January  5,  1875;  S.  L.  Porter  and  Dnane  Peck.— Kite-shaped 
metal  bowls,  with  the  pointed  ends  between  two  diagonal  tie-bars  which  form  an  X. 
The  rails  are  held  by  lugs,  keys  and  screws. 

No.  161153;  date,  March  23,  1874;  S.  L.  Porter  and  Duane  Peck.— Modifications  of 
the  previous  patent.  No.  158437. 

No.  163187;  date.  May  11,  1875;  S.  H.  Hamilton. — An  iron  or  steel  cross-tie  of  square 
hollow  section  throughout  or  only  at  ends.  Fixed  lugs  hold  the  inner  flange  of  rail, 
and  bolted  plates  hold  the  outer  flange. 

No.  163254;  date,  May,  1875;  H.  Reese. — A  rolled  iron  cross-tie  of  T  section;  lags 
stamped  out  while  hot  from  the  rolls.  Bent  clip  and  horizontal  wedge  fastening  for 
outer  flange  of  rail.     (See  Nos.  214192;  215675  ;  272477;  also  July  13,  1880.) 

No.  164793;  date,  June 22,  1875;  Ramon  Bauolas. — Cross-tiesof  X  section,  carrying 
longitudinal  stringers  of  ±  section,  to  which  flangeless  rails  of  T  section  are  bolted. 

No.  166625;  date,  August  10,  1875;  R.  E.  Nichols. — A  continuous  hollow  bearing, 
section  similar  to  lower  half  of  letter  A;  bottom  closed;  top  open  with  horizontal 
flanges  to  carry  the  rail  flange,  cross-ties  of  | _J  section.  Longitudinals  and  cross- 
ties  filled  with  broken  stone. 

No.  171422 ;  date,  December  21,  1875 ;  John  Quigley. — A  cast-iron  cross-tie  with 
chair  combined,  for  street-railway  track. 

No.  172041;  date,  January  11,  1876;  E.  E.  Lewis. — A  cross-tie  of -|- section,  with 
the  top  vertical  flange  cut  away  for  the  rails,  which  are  secured  by  wedges.  (See  Nos. 
183,766;  198,464.) 

No.  176213 ;  date  April  18,  1876 ;  George  D.  Blaisdell. — A  cast-iron  cross-tie,  with 
wide  ends  and  loose  bearing-blocks,  all  heW  together  by  a  bolt  running  through  the 
whole  length  of  the  tie, 

No.  182984 ;  date,  October  3,  1876 ;  Leonora  Yates.— Cross-ties  of  ~[ |",  ~\y ,  or 

'\J~  section,  the  latter  being  semi-cylindrical,  with  flanges.  The  rails  are  fastened 
by  bolted  clamps. 

No.  183766;  183767;  183768;  date,  October  31,  1876;  E.  E.  Lewis.— A  cross-tie  of 
-J-  section ;  rails  of  diflferent  forms.    Also  a  joint  tie  of    1 1    section.     (See  172041.) 

No.  185808;  date,  December 26, 1876;  D.S.  Whittenhall.— A  cross-tie  of  y\y\y\ 
section  ;  the  rails  resting  in  notches  in  the  top  ridges.     (See  No.  227602.) 

No.  186710 ;  date,  January  30,  1877  ;  George  W.  Chandler. — Clay,  stone,  or  concrete 
ties  in  two  or  more  pieces;  a  flat  iron  strap  is  laid  in  a  groove  along  the  top^iud 
another  along  the  bottom  ;  these  plates  are  bolted  together.  The  rails  are  held  by 
clamps  screwed  to  the  iron  plates. 

No.  187652;  date,  February  20,  1877;  Walter  MacLellan  and  John  P.  Smith  (Scot- 
laud). — Fluted,  corrugated,  or  embossed  rectangular  bowls,  connected  by  tie-bars; 
the  rails  are  held  by  bolted  clamps.  (These  ties  are  manufactured  in  Scotland  and 
are  in  use  in  India  and  Australia.)    (See  the  report.) 

No.  188087;  date,  March  6,  1877;  H.  S.  Wilson.— A  cross-tie  of  1  section,  with  fixed 
and  movable  rail-clips. 

No.  188710;  date,  March  20,  1877;  N.  S.  White. — A  continuoits  bedplate  nndereacb 
rail,  with  cross-ties. 
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No.  IdOt.Jd;  date,  May  15, 187^5  A.  H.  Campbell.— A  fiasi-irofi  cia«8-tie,  witb  sock- 
ets for  wooden  bearing-blocks. 

No.  192842 ;  date,  July  10,  1877 ;  A.  W.  Series.— A  continuous  bearing  of  y  sec- 
tion (in  two  pieces)  under  each  rail  with  transverse  tie-bars.  The  web  of  a  flaugeless 
rail  lies  between  the  two  vertical  webs.  (This  track  has  been  used  in  Europe  ;  see 
Engineering  News,  New  York,  January  28,  1887,  page  73  ;  also  Railroad  Gazette,  New 
York,  August  19,  1887.     See  report;  "  Belgium  "  and  "  Austria.") 

No.  197300 ;  date,  November  20,  1877 ;  Johu  Turner. — Street  railways.  The  wooden 
stringers  are  connected  by  tie-rods  which  have  flat  plates  or  washers,  held  tight 
against  the  stringers  and  rails  by  nuts.     No  wooden  cross-ties  are  used. 

No.  198060;  date,  December  11,  1877;  John  B.  Ward.— A  longitudinal  pipe  (for 
conveying  water)  under  each  rail ;  the  bottom  of  rail  curved  to  tit  pipe. 

No.  198370 ;  date,  December  18,  1877 ;  Josiah  Foster. — Hollow  box  castings,  with 
top  and  bottom  flanges,  are  bolted  to  stone  blocks ;  the  rails  rest  on  spring  plates 
«nd  are  held  by  hook  bolts  to  the  top  flanges  of  the  castings. 

No.  198464;  date,  December  25,  1877  ;  E.  E.  Lewis.-^A  cross-tie  consisting  of  au 
old  rail  with  two  notches  cut  to  the  level  of  the  flange  to  admit  the  track  rails.  Two 
rails  with  wooden  bearing-blocks  used  at  joints.     (See  172041.) 

No.  198618;  date,  December  25,  1877;  D.  Horrie.— A  transverse  truss  of  cast  or 
wrought  iron.     Horizontal  hook  bolt  fastenings. 

No.  200737 ;  date,  February  26,  1878 ;  Gustav  Lehlbach. — Street  railways  or  ordi- 
nary railways.     Deep  foundation  columns  under  each  rail. 

No.  201667 ;  date,  March  26,  1878 ;  H.  A.  Haarmann. — Continuous  bearing  for  each 
rail,  with  cross-ties.  This  track  has  been  extensively  used  iu  Europe.  (See  En- 
gineering News,  New  York,  January  29,  page  74.)  (See  No.  219856.)  (See  Report, 
"Germany.") 

No.  206647 ;  date,  July  30,  1878  ;  T.  W.  Travis.— A  hollow  cross-tie,  with  boxes  at 
the  ends  open  on  top.  The  rails  are  held  between  two  C  clips ;  the  groove  holds  the 
flange  rail;  the  upper  web  lies  against  the  rail  web,  and  the  lower  web  is  wedged 
into  the  box.  See  Nos.  214208  and  224808.  (Tried  on  the  Philadelphia  and  Balti- 
more Central  Railway.)    (See  Report,  "  United  States.") 

No.  207242;  date,  August  20,  1878;  J.  A.  Bonnell. — An  inverted  trough  cross-tie 
with  closed  ends  and  corrugated  top.     Bolted  clips  or  angle-bar  fastenings  for  rails. 

No.  207320;  date,  August  20,  1878;  J.  H.  Thompson. — A  cross-tie  made  in  two 
pieces,  dove-tailed  together  in  the  middle.    The  rails  rest  on  wooden  blocks. 

No.  210681 ;  date,  December  10,  1878;  George  F.  Folsom.— A  continuous  cast-iron 
bearing  under  each  rail,  connected  by  iron  ties  and  having  sockets  for  round  wooden 
blocks. 

No.  207719  ;  date,  September  3,  1878  ;  W.  E.  Curtiss. — A  wrought-iron  cross-tie  of 
inverted  trough  section  with  flaring  sides,  having  a  brace  of  the  same  section  inside 
under  each  rail.     The  ends  are  open.     Rails  secured  by  bolted  clips. 

No.  210774;  date,  December  10,1878;  F.  B.  Freudeuberg. — A  wrought-iron  cross- 
tie  of  somewhat  similar  section  to  the  preceding  one.  Hooked  clips  are  riveted  on 
for  inside  and  outside  flange  on  alternate  ties,  the  rails  being  sprung  into  place. 
Long  ties  for  double  tracks.     Patented  in  Germany,  January  18,  1878. 

No.  211697;  date,  January  28,  1879;  Hamilton  L.  Bucknall  (England).— Glass 
bowls,  cross-ties,  and  stringers. 

No.  212127;  date,  February  11,  1879;  James  Buckner,  jr. — For  street  railways. 
Metal  saddle  plates  on  the  stringers,  to  carry  the  rails,  and  metal  tie-bars. 

No.  214182 ;  date,  April  8,  1879 ;  George  P.  Osborne. — Safety  plates  to  keep  spikes 
from  working  loose  when  driven  into  sound-deadening  material,  to  be  used  for  ele- 
vated railways. 

No.  214192 ;  date,  April  8,  1879 ;  H.  Reese. — A  cross-tie  of  T-section,  with  the  ends  of 
the  horizontal  table  turned  down  at  an  angle.  Clip  and  wedge  fastening.  (See  No. 
(163254.) 
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No.  214208 ;  date,  April  8,  1879 ;  T.  W.  Travis.— A  Ciasl-iron  box  iittdet  feach  rail, 
rith  broad  rectangular  base.  Tie-bar  counectioas.  The  rails  rest  on  and  are  held 
)y  vertical  wedge  clamps.     (See  No.  206647.) 

No.  215675;  date,  May  20,  1879;  H.  Reese.— Improvements  upon  No.  214192. 

No.  216846;  date,  June  24,  1879;  L.  A.  Gouch.— A  cross-tie  of  — | —  section,  the 
ongitudiual  web  being  the  widest  and  having  its  edges  turned  up  or  down. 

No.  218442 ;  date,  Augnst  12,  1879  ;  John  Keller. — The  wooden  ties  are  spaced  far 
kpart,  and  at  intermediate  points  there  are  bolted  to  the  rail  angle-plates  with  wide 
taring  flanges  which  project  below  and  beyond  the  rail-flange,  forming  a  sort  of  bowl. 

No.  218559;  date,  August  12,  1879;  S.  NichoUs  (of  England.) — A  continuous  broad 
)ed-plate  under  each  rail,  for  street  railways.  The  rail  is  formed  of  two  channels,, 
eaving  a  space  between  for  the  wheel-flange  D  C. 

No.  218603;  date,  August  12,  1879;  A.  P.  Whiting.- A  cross-tie  of  h  section,  the 
;op  flange  cut  away  for  the  rails.    Bolted  clips  hold  the  inner  flanges  of  rails. 

No.  218648;  date,  August  19,  1879;  C.  F.  Wagner  (of  Austria). — A  cross-tie  com- 
K)8ed  of  two  parallel  pieces  of  T-section,  fastened  together  by  cross-strips.  Bolted 
slip  rail  fastenings. 

No.  218878;  date,  August  26,  1879;  C.  Hanshaw.— A  cross-tie  made  in  two  pieces 
engthwise ;  on  one  piece  are  clips  for  the  inner  flange  of  one  rail  and  the  outer  flange 
)f  the  other,  and  on  the  other  piece  are  clips  for  the  outer  and  inner  flanges,  respect- 
ively. The  two  pieces  are  held  together  by  a  flat  horizontal  key  driven  between 
jther  clips  in  the  middle  of  the  tie. 

No.  219856 ;  date,  September  23, 1879;  H.  A.  Haarmann  of  Prussia— (See  No.  201667).— 
i  cross-tie  of  inverted  trough  section  with  flaring  sides,  and  a  flat  or  grooved  top 
able.    The  rail  fastenings  are  C  shaped,  with  a  bolt  passing  under  the  rail. 

No.  220026 ;  date,  September  30,  1879  ;  H.  T.  Livingston. — A  tubular  cross-tie  of 
)val  section  with  a  flat  surface  under  each  rail.  Rails  fastened  by  bolts  screwed 
nto  the  tie.     Interior  of  tie  packed  hard  with  straw,  grass,  etc. 

No.  221596;  date,  November  11,  1879  ;  O.  E.  MuUarky. — A  cross-tie  of  channel  sec- 
ion  I  I  with  wooden  bearing-blocks  wedged  inside  under  the  rails.  The  rails  are 
'astened  by  bolted  clips. 

No.  223187 ;  date,  December  30,  1879 ;  J.  R.  Sullivan. — Two  separate  cast-iron  bear- 
ing pieces  connected  by  a  tie-bar.     Each  rail  is  secured  by  a  cast-iron  wedge. 

No.  224808;  date,  February  24,  1880  ;  T.  W.  Travis.— A  bridge  support  is  placed 
>et ween  the  ties,  the  top  supporting  the  rail  and  the  ends  resting  on  adjacent  ties. 
The  object  is  to  enable  ties  to  be  spaced  farther  apart  than  usual.  See  No.  (214208). 
;  No.  226308 ;  date,  April  6,  1880 ;  A.  Greig  (patented  in  England,  March  25,  1879).— 
(•"lat  cross-ties,  with  one  or  two  grooves  along  the  whole  length.  A  brace  or  clip  is 
iveted  to  hold  the  outside  of  the  rail,  and  the  rail  is  held  against  it  by  a  hook-bolt, 
he  body  of  which  lies  in  the  groove  and  has  a  nut  at  the  end  of  the  tie.  (This  sys- 
em  is  much  used  for  portable  railways  manufactured  in  England.) 

No.  227602  ;  date,  May  11, 1880  ;  D.  S.  Whittenhall.— Improvements  on  No.  185808. 

No.  9292  (re-issue);  date,  July  13,  1880;  H.  Reese.— (See  No.  214192.) 

No.  230816;  date,  Augnst  3,  1880;  William  Rainbow. — Cast-iron  bowls  of  different 

orins,  of  approximately  conical  shape  ;  they  are  connected  by  tie-bars. 

No.  230826;  date,  August  3,  1880;  Lewis  Scofield. — A  cross-tie  of  _f\_  section. 

kiveted  and  bolted  clips  for  rail  fastenings.     (See  Report ;  "  United  States.") 

No.  231755;  date,  August  31, 1880 ;  William  Brown. — A  hollow  cross-tie  of  rectan- 

nlar  section,  with  concave  bottom  and  open  ends.     A  rib  at  the  ends  keeps  the  rail 

I  position,  and  is  fastened  down  by  hooked  bolts  with  nuts  inside  the  tie. 
.No.  233528 ;  date,  October  19,  1880 ;  W.  C.  Lutz.— A  cross-tie  of  ±  section,  with  the 

ails  secured  by  flat  hooked  clips  bolted  to  the  side  of  the  vertical  web.     (See  No. 

41389.) 

No.  235078;  date,  December  7,  1880;  G.  H.  Gilman. — A  cast-iron  cross-tie  of  rect- 

agular  section,  with  grooves  to  reduce  the  weight.    The  rails  are  held  by  flxed  and 

lovable  Ings. 
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No.  235321 ;  date,  December  7,  1880 ;  F.  A.  Williams.— The  two  broad  bearing 
plates,  on  whic  h  the  rails  rest,  are  connected  by  two  transverse  tie-plates,  placed  on 
edge. 

No.  235706;  date,  December  21,  1880;  S.  F.  Seely.— Metal  lougitudinals  of  rectan- 
gular form,  with  flaring  sides  and  ends.  Flangeless  T-rails  are  used,  with  the  web 
bolted  against  the  leg  of  a  Tiron  on  the  longitudinal. 

No.  239511 ;  March  29,  1881 ;  Joseph  Kindelan. — Rail  brace  and  tie-bar  for  curves. 

No.  240511;  April  26,  1881;  D.  E.  V.  Goetchins.— A  flat  tie-bar  with  wide  ends  is 
bolted  on  to  a  wooden  tie ;  'the  ends  have  lugs  for  the  rail  flauges. 

No.  240987;  date,  May  3,  1881 ;  I.  W.  Fleck. — A  cross-tie  made  of  an  ordinary  rail, 
head  down,  with  strengthening  sections  and  a  broad  base-plate  bolted  to  it.  It  is 
curved  into  an  arched  form,  high  in  the  middle,  with  the  ends  level  for  the  truck 
rails. 

No.  241389;  date,  May  10,  1881 ;  W.  C.  Lutz.— A  cross-tie  of  cylindrical  form,  with 
flat  bearing  surfaces  for  the  rails;  or  with  a  vertical  web  on  top,  with  notches  for  the 
rails.     (See  No.  233528.) 

No.  241724;  date,  May  17,  1881;  J.  C.  Rupp. — The  tie  consists  of  a  block  under 
each  rail,  with  a  connecting  tie-bar.     (See  No.  245222.) 

No.  242850 ;  date,  June  14, 1881 ;  H.  Thielsen. — Cross-tie  of  T-section;  in  two  halves, 
one  under  each  rail.  Bent  clips  formed  out  of  the  metal  of  the  lie.  The  two  pieces 
keyed  together  at  the  middle.     (See  No.  317244.) 

No.  244003 ;  date,  July  5,  1881 ;  George  W.  Vroman. — Each  tie  Ja  in  two  pieces, 
each  of  which  consists  of  a  rectangular  plate  and  half  a  tie-bar.  Lugs  are  i»laced 
diagonally  on  the  plates.  The  plates  are  put  under  the  rails,  so  that  the  latter  will 
rest  between  the  lugs ;  the  plates  are  then  swung  round,  bringing  the  ends  of  the  rods 
together,  and  bringing  the  lugs  over  the  rail  flanges.  (This  is  similar  to  the  ties  pro- 
posed by  Mr.  Moore  in  India.     (See  Report.) 

No.  245222;  date,  August  2,  1881 ;  J.  C.  Rupp. — The  block  under  each  rail  is* of  I- 
eection;  and  each  pair  is  connected  by  two  tie-rods,  forming  an  X.    (See  No.  241724.) 

No.  245440;  date,  August  9,  1881;  Thomas  Breen. — A  cast-iron  chair  or  support  is 
placed  under  each  rail,  and  the  pairs  are  connected  by  tie-bars.  The  rails  are  se- 
cured by  bolted  clamps.     (See  Nos.  272850  and  294191.) 

No.  246883 ;  date,  September  13,  1881 ;  G.  A.  Jones. — A  cross-tie  of  X  section,  with 
the  ends  formed  into  a  chair.  The  rail  is  held  in  the  chair  and  spiked  to  a  wood 
block. 

No.  247248 ;  date,  September  20,  1881 ;  Levi  Haas.— A  cross-tie  made  of  an  old  rail 
with  the  ends  resting  on  wood  blocks ;  the  track  rails  are  secured  to  the  top  of  the 
tie.     (See  253374,  257572,  282309,  315771,  389464,  391704,  406346,  420299.) 

Nos.  249270  and  249271 ;  date,  November  8,  1881 ;  E.  H.  Tobey.— Cross- ties  of  I | 

or  V  section ;  the  rails  are  held  in  chairs  resting  on  wooden  blocks. 

No.  249503 ;  date.  November  15,  1881 ;  J.  Clark. — A  cross-tie  of  semi-circular  section 
/^  "N,  the  bottom  fastened  to  a  flat  bed-plate  the  whole  length  of  the  tie ;  the  top  of 
the  arch  cut  away  for  the  rail.     (See  256199, 259095, 270637, 358144,  also  August  5, 1884.) 

No.  251251 ;  date,  December  20, 1881 ;  C.  F.  Kreuz.— A  flat  cross-tie  with  thickened 
ends  to  hold  the  outer  flanges  of  the  rails  and  a  flat  cross-tie  with  another  flat  piece 
resting  on  it  to  hold  the  inner  flanges  of  the  rails.  These  ties  are  placed  alternately. 
(See  No.  263919.) 

No.  251625 ;  date,  December  27, 1881 ;  William  Morris  (England).— Concrete  chairs 
and  blocks  for  railways  and  street  railways. 

No.  253374  ;  date,  February  7,  1882;  Levi  Haas. — Iron  ties  in  two  pieces,  connected 
by  a  tie-bar.    It  is  designed  to  be  made  of  old  flauge  rails.     (See  No.  247248.) 

No.  253381 ;  date,  February  7,  1882 ;  Charles  F.  Herbst— Cast-iron  bolts,  rectangu- 
lar and  pyramidical ;  each  pair  of  bowls  is  connected  by  a  tie-rod,  having  a  nut  on 
each  side  of  each  bowl.    The  rails  are  held  by  wedged  and  bolted  clamps. 

No.  254802;  date  March  14,  1882;  J.  Conley.— A  flat  cross-tie  in  two  pieces,  with 
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the  iuner  end  o^ach  tamed  np  so  as  to  be  bolted  together.    Under  the  rails  the  sides 
are  turned  down.     Clips  are  stamped  out  of  the  metal.     (See  No.  %)2384.) 

No.  255554;  date,  March  28,  1882;  F.  A.  WilliaiiiH. — A  cross-tie  of  shallow  inverted 
trough-section,  with  broad  ends.  The  rails  are  held  against  lixed  clips  by  plates  the 
whole  length  of  the  tie,  placed  on  edge,  underneath,  with  a  hooked  eud  to  hold  the 
rail  flange.    These  plates  are  secured  by  a  horizontal  key  in  the  middle  of  the  tie. 

No.  256199;  date,  April  11,  1882;  J.  Clark.— Improvements  upon  No.  249503. 

No.  257437;  date.  May  2,  1882;  H.  Do  Zavala. — A  cross-tie  of  .^/^\_  section,  with 
U-bolts  passing  under  the  rail  and  having  nuts  screwed  down  on  the  rail  flange. 

\o.  257572;  date.  May  9,  1882;  Levi  Haas. —A  cross-tie  consisting  of  two  cast-iron 
bed-plates,  with  bearing- blocks  to  which  the  rails  are  bolted.  A  tie-bar  connects  the 
two  bed-plates.     See  Nos.  247248,  282309,  315771,  :^89464,  406346,  and  420299. 

No.  259095 ;  date,  June  6,  1882;  J.  Clark.— Further  improvements  on  No.  249503. 

No.  259726;  date,  June  20,  1882;  Daniel  Smith. — A  transverse  tie-bar  with  wide 
flat  ends,  having  lugs  to  hold  the  rail  flange  ;  but  the  rails  have  to  be  slipped  infx> 
these  chairs,  there  being  no  loose  or  adjustable  parts.  Each  end  rests  on^  wooden 
block  of  white  oak,  8  inches  square  and  2  inches  thick,  which  rests  on  a  stone  block. 

No.  259823;  date,  June  20,  1882;  A.  L.  Cubberlery. — A  flat  cast-iron  cross-tie,  with 
concave  bottom,  and  dovetail  grooves  on  top,  for  sliding  rail  fastenings  into  place. 

No.  259891 ;  date,  June  20,  1882 ;  J.  H.  Meacham. — A  cross-tie  of  ±  section,  with 
end  boxes  for  wood  blocks,  to  which  the  rails  are  secured  by  hook-bolts. 

No.  260231 ;  date,  June  27, 1882 ;  J.  Parr. — A  cast-iron  cross-tie  with  fixed  and  mov- 
able lugs  for  the  flanges  of  the  rails.     (See  No.  277333.) 

No.  260724  ;  date,  July  4,  1882;  A.  L.  Withers,  jr. — Each  rail  rests  in  a  groove  on 
a  metal  block  ;  the  blocks  have  dovetailed  recesses  for  rail-clamps  and  tie-bars. 

No.  263078;  date,  August  22,  1882;    Francis  Tunica.— The  rails  rest  in  T  shaped, 
chairs,  secured  to  circular  blocks  of  metal  resting  on  a  concrete  base.     Each  block 
has  two  tie-rods,  which  run  not  to  the  opposite  block,  but  to  the  blocks  to  the  right 
and' left  of  the  opposite  block ;  so  that  the  rods  form  horizontal  triangular  bracing 
or  trussing. 

No.  263919;  date,  September  5,  1882;  C.  F.  Kreuz. — A  cross-tie  of  m  section,  the 
rails  resting  on  the  web  and  secured  by  wedges.     An  improvement  on  No.  251251. 

No.  265543;  date,  October  3,  1882;  E.  D.  Samain. — A  flat  tie-bar  with  lugs  on  the 
ends,  and  a  bolted  plate  with  lugs  to  hold  the  inner  side  of  the  rail  flange. 

No.  265760;  date,  October  10, 1882  ;  M.  I.  Cortright. — A  cross-tie  with  two  grooves 
or  corrugations  in  its  length,  and  with  notches  to  receive  the  flange  of  the  rails. 

No.  267930 ;  date,  November  21, 1882 ;  G.  L.  Putnam.— A  cross-tie  of  square-section, 
hollow  or  solid,  with  hooked  spikes  put  in  place  from  the  bottom  and  tapering  up- 
wards.    (See  No.  285842.) 

No.  269442;  date,  December  19,  1882;  R.  B.  Meeker. — Cross-ties  of  T  section,  with 
broad  table.  Flat  horizontal  bars  with  turned  np  ends,  used  alternately  with  the 
ties.     The  rail  to  be  of  extra  height,  bolted  to  chairs. 

No.  270637;  date,  Janaary  16,  1883;  J.  Clark.— A  flat  cross-tie  with  arched  bearing- 
plates  and  chairs.     (See  No.  249503.) 

No.  272477;  date,  February  20,  1883;  Henry  Reese. — A  cross-tie  of  inverted  trough 
sections,  having  flaring  sides  and  a  middle  interior  rib ;  carries  longitudinal  plates  of 
similar  section  to  which  the  rails  are  secured  by  gibs.  The  gibs  are  held  in  place 
by  a  horizontal  screw  and  nnt  placed  between  the  gib  and  oonnter-gib.  (See  No. 
163254.) 

No.  272850  ;  date,  February  27,  1883  ;  T.  Breen.— A  flat  cross-tie,  twisted  spirally  in 
the  middle  and  having  the  ends  turned  up.     (See  No.  245440.) 

No.  274309;  date,  March  20,  1883;  W.  H.  Gibbs  and  George  Snook.— A  cross-tie  of 
±  section,  with  supports  for  a  rail-chair  of  inverted  trough  sections,  with  a  wooden 
block,  to  which  the  rail  is  secured  by  hooked  clamps. 

No.  276414;  date,  April  24,  1883;  E.  B.  Huugerford.— A  cross  tio  of  tihallow  chan- 
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nel  section  1 |.    The  flanges  are  cot  away  and  notched  to  hold  the  rail-flange,  and 

the  rail  rests  on  a  loose  hed-plate  with  a  clip  to  hold  the  other  flange;  the  plate  being 
held  in  place  by  a  horizontal  key  driven  through  holes  in  the  tie-flanges. 

No.  277000 ;  date,  May  8,  1883 ;  T.  J.  Bronson  and  A.  Armstrong. — The  rails  rest  iei. 
grooves  on  separate  blocks,  and  are  held  together  and  in  place  by  tie-bars  and  bolte 
clamps.     (See  No.  289806.) 

No.  277333 ;  date,  May  8,  1883  ;  J.  Parr. — A  hollow  cast-iron  cross-tie.  The  rail* 
are  secured  to  loose  chairs  having  long  projections  which  run  nearly  through  the  tiei 
and  are  secured  by  a  vertfcal  bolt  at  the  middle  of  the  tie.    (See  No.  260231.) 

No.  279,'80;  date,  June  12,  1883;  Fridolf  Schaumanu  (England). — Concrete  blocka 
with  prepared  cork  tie-plates.  Chairs  are  secured  by  bolts;  or  flange  rails  resting 
direct  on  the  cork  plates  are  secured  by  clamps  held  by  bolts  passing  through  the 
concrete  block. 

No.  280110;  date,  June  26,  1883;  S.  B.  Wright.— A  cross-tie  of  inverted  trough  sec- 
tion, with  the  inside  of  the  top  arched.     (See  No.  298539.) 

No.  28(^00;  date,  June  26,  1883  ;  J.  Mahoney  and  D.  W.  Shockley.— A  cross-tie  of 

I  I      section,  with  wooden  bearing  blocks.     (See  No.  370634.) 

No.  281806;  date,  July  24, 1883;  A.  R.  Spaulding. — A  cross-tie  of  channel  section 
I  I,  to  which  the  rail  is  fastened  by  a  series  of  flat  horizontal  keys  or  wedges  in 
dove-tailed  grooves. 

No.  282309;  date,  July  31,  1883;  Levi  Haas. — Heavy  cast-iron  chairs,  connected 
by  tie-bars.     (See  No.  247248.) 

No.  28.3076;  date,  August  14,  1883;  J.  L.  Chapman. — Cross-ties  of  shallow  chan- 
nel I |,  or  of  two  flat  plates,  one  above  the  other,  separated  by  distance-blocks^ 

Each  rail  is  secured  by  bolted  clips  to  a  bed-plate. 

No.  2832.30;  date,  August  14,  1883;  H.  F.  Flickinger.— A  cross-tie  of  I  section,  to 
which  the  rails  are  secured  by  fl  bolts,  with  the  nuts  on  the  under  side  of  the  top 
flange  of  the  tie. 

No.  284157 ;  date,  August  28,  1883 ;  J.  W.  Young. — A  hollow  open-sided,  elastic 
cross-tie  of  3  section  ;  to  be  filled  with  ballast  or  earth  on  surface  lines.    Two 

or  more  of  these  plates  to  be  placed  inside  one  another,  with  one  side  open,  or  to 
form  a  closed  tie.    It  is  claimed  to  be  adapted  to  elevated  roads. 

No.  285833;  date,  October  2,  1883;  John  Newton. — Channel-iron  stringers  |  r 
with  flat  cross-ties  fastened  to  the  top. 

No.  285842;  date,  October  2,  1883;  George  L.  Putnam. — A  cross-tie  of  T  section, 
depressed  in  the  middle  to  hold  a  water  trough  for  supplying  locomotives.  The  rails 
are  secured  by  bolted  clips.     (See  No.  267930. ) 

No.  285986;  date,  October  2,  1883;  Clark  Fisher. — A  bent  plate  cross-tie  of  U  sec- 
tion in  the  middle  with  flat  ends.  A  U  bolt  passes  under  the  rail,  and  washers  are 
screwed  down  on  the  rail-flange  by  the  nuts. 

No.  286651;  date,  October  16,  1883;  E.  L.  Taylor.— Separate  rail  bearers  or  bowls 
connected  by  tie-bars.  Lugs  or  clamps  on  the  bowl  hold  the  inner  flange  of  the  rail, 
and  a  lug  on  the  end  of  the  tie-bar  holds  the  outer  flange.  (See  report  "  United 
States.")     Wooden  or  stone  blocks  may  be  used.     (See  No.  371993  and  No.  382470.) 

No.  287418 ;  date,  October  30, 1883 ;  J.  J.  Clarke  (of  Peru).— A  flat  ^late  tie  for  port- 
able railway  track,  with  special  joint  fastenings.  (Assigned  to  A.  W.  Colwell,  New 
York.) 

No.  289806 ;  date,  December  11,  1883  ;  T.  J.  Bronson  and  A.  Armstrong. — An  iron 
or  steel  cross-tie  of  approximately  serai-cylindrical  section  fl,  with  lugs  struck  up  by 
means  of  dies.     (See  No.  277000. ) 

No.  290793;  date,  December  25,  1883;  L.  O.  Orton. — A  flat  inverted  trough  cross- 
tie,  with  wedge-shaped  boxes  projecting  above  and  below  to  hold  the  bearing  blocks 
and  fastenings. 

No.  291514;  date,  January  8,  1884;  H.  R.  Holbrook. — A  hollow  cross-tie  of  oval 
section  with  thickened  portions  under  the  rails ;  rails  secured  by  bolted  clips. 
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No.  201523  5  date,  January  8, 1884  ;  John  G.  Krichbaum.— Large,  deep  castings  con- 
nected by  tie-bars ;  rails  held  by  bolted  clamps. 

No.  292421;  date,  Jaunary  22,1884;  J.  J.  Du  Bois.— A  cross-tie  with  dove-tailed 
groove  for  rail  and  a  wedjjie  fastening. 

No.  293194 ;  date,  February  5. 1884  ;  J.  Keven. — A  flat  tie-bar  to  keep  rails  from 
spreading;  one  end  bent  up  to  hold  rail,  the  other  end  having  thread  and  nut  with 
movable  clamp. 

No.  293302  ;  date,  February  12, 1884  ;  George  W.  Bloodgood.— Bolted  clips  for  fast- 
ening rails  to  tie»  of  inverted-trough  section. 

SFo.  29'4l91 ',  date,  February  26,  1884 ;  T.  Breen. — A  cross-tie  made  in  two  pieces, 
leugthvvise ;  placed  side  by  side,  holding  the  rail  chairs  and  fastenings  between  them. 
(See  No.  245440.) 

No.  296725 ;  date,  April  15,  1884  ;  W,  T.  Carter.— A  hollow  cross-tie,  with  flat  top 
and  bottom  and  concave  sides. 

No.  298539 ;  date.  May  13,  1884 ;  S.  B.  Wright.— Fastening  rails  to  inverted  cross- 
ties  by  clips  and  T-headed  bolts.     (See  No.  280110.) 

No.  299345 ;  date,  May  27,  1884  ;  Joseph  Chater  (India).— Cast-iron  plates  with 
jaws  forming  a  rail  chair ;  the  plates  are  connected  by  tie-bars.  The  general  design 
is  similar  to  that  of  the  Denhara  and  Olpherts  ties,  used  in  India.  (Patented  in  India, 
December  8,  1883;  England,  January  8,  1884;  France,  February  1,  1884;  Germany, 
February?,  1884.) 

No.  299557;  date  June  3,  1884;  J.  Lockhart. — A  clamp  or  tierod,  to  be  used  in 
connection  with  wooden  ties.  A  tie  rod,  running  across  the  track,  has  clamps  to  hold 
the  rail  flanges,  the  inner  clamps  being  held  by  set-screws.  It  is  claimed  that  soft 
wood  ties  can  be  nsed,  as  there  will  be  no  tendency  for  the  rails  to  spread.  (See  No. 
32728:..) 

No.  302664 ;  date,  July  29,  1884 ;  Joseph  Monier  (France). — A  metal  skeleton  or 
framework  covered  with  concrete,  artificial  stone,  etc. 

No.  302965  and  No.  302966 ;  date,  August  5,  1884  ;  C.  S.  Westbrook.- A  cross-tie 

of  I 1  section,  with  parts  of  the  horizontal  table  cut  away.     The  rails  are  held  by 

riveted  and  keyed  angle-plates. 

Nos.  10504  and  10505  (re-issues) ;  date,  August  5,  1884 ;  J.  Clark. — Improvements 
in  No.  249503. 

No.  303373;  date,  August  12,  1884;  E.  G.  Holtham  (of  England).— Patented  in  Eng- 
land December  22,  1883. — Broad  longitudinals  under  each  rail,  with  transverse  tie- 
rods,  and  with  additional  side  plates  to  increase  the  bearing  on  the  ballast. 

No.  303540 ;  date,  August  12,  1884  ;  W.  G.  Olpherts  (India).— The  tie  consists  of 
cast-iron  plates  connected  by  a  tie-bar.  The  rails  are  held  by  jaws  secured  bj'  cot- 
ters driven  through  the  plate,  tie-bar,  and  jaw.  Patented  in  India,  July  24,  1877;-. 
England,  February  17,  1879.     (See  report  "  India.") 

No.  304622 ;  date,  September  22,  1884 ;  Charles  H.  Denham  (India).— Somewhat 
similar  to  No.  303540,  but  having  the  rail  or  chair  bolted  to  a  wooden  block.  Pat- 
ented in  India,  November  6,  1876 ;  England,  June  28,  1877.     (See  report  "  India") 

No.  304746;  date,  September  9, 1884  ;  G.W.B.Neal.— A  cross-tie  made  of  triangular 
section,  with  the  rails  carried  in  and  bolted  to  chairs  fastened  to  the  apex  of  the  tie. 

No.  305156;  date,  September  16,  1884  ;  A.  N.  D.  Delffs.— A  concrete  tie,  with 
wooden  blocks  to  which  the  rails  are  spiked. 

No.  306090;  date,  October  7,  1884;  Robert  Moffly. — A  cross-tie  made  of  three  pieces 
the  fall  length  of  the  tie,  bolted  together  so  as  to  form  a  ±-slot  along  it,  in  which 
the  rail  fastenings  slide. 

No.  306139;  date,  October  7,  1884  ;  B.  W.  De  Courcy.— A  cross-tie  of      /">     r'\ 

action,  with  the  rails  resting  on  the  top,  and  secured  by  booked  clamps  bolted  to- 

ether  below  the  rail. 

No.  309428 ;  date,  December  16,  1884  ;  J.  H.  WiUJftms,— A  cross-tie  of  U-s-ction, 
with  wooden  blocks  to  which  tbQ  r^ils  are  spilled, 
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No.  310269;  date,  January  6,  1885;  Abraham  Gottlieb. — A  cross-tie  of  inverted 
trough  section,  with  a  groove  along  its  top  table.  The  rail  is  fastened  by  bolted 
clips  or  a  special  form  of  locking  plate  or  chair. 

No.  ;U0794;  date,  January  13,  1885;  John  K.  Clark. — Each  tie  consists  of  two  ± 
(tee)  shaped  supports,  with  triangular  wings;  the  supports  are  connected  by  a  tie- 
rod.     (See  Nos.  :«3'275,  350478,  and  362G08.) 

No.  310878;  date,  January 20,  1885;  John  T.  Campbell. — Metal  longitudinals,  with 
Tibs  on  top  forming  a  channel  for  the  web  of  a  llangeless  T-rail.    Transverse  tie  bars. 

No.  312566;  date,  February  17^1885;  W.  H.  Knowlton. — Cross-ties  of  difterent  sec- 
tions. 

No.  312717;  date,  February  27, 1885  ;  E.  N.  Higley. — A  Hat  cross-tie,  with  sides  and 
ends  turned  down  and  with  a  vertical  rib  along  the  middle.  This  rib  cut  away  for 
the  rails,  which  are  fastened  by  boUcd  clips.  General  section  thus  ( — *" — ^ .  (See 
Nos.  334228  aud  353028.)  Manufactured  by  the  International  Railway  Tie  Com- 
pany, of  New  York.     (See  report,  "  United  States.") 

No.  312881 ;  date,  February  24,  1885  ;  W.  McVey.— A  metal  cross-tie  in  two  pieces, 
mortised  together  at  the  middle  and  secured  by  a  bolt. 

No.  313072 ;  date,  March  3,  1885 ;  A.  A.  Harrison. — A  combined  flat  longitudinal  and 
cross- tie  ;  the  cross-tie  having  plate  at  right  angles,  aud  being  laid  so  that  these  plates 
of  adjacent  ties  meet. 

No.  313260;  date,  March  3,1885;  L.  O.  Vanderbilt  and  M.E.  Company. — Each  tie 
consists  of  a  pair  of  hollow  inverted  bowls,  connected  by  a  tie-bar.  The  rails  are  held 
by  bolted  clamps. 

No.  313512;  date,  March  10,  1885;  A.J.  Moxham. — Cross-ties  of  inverted  trough 
section,  with  riveted  angle-irons  on  top,  to  which  rail  (principally  girder  street  rails) 
are  bolted  or  riveted.     (See  Nos.  319010  aud  355778.) 

No.  313778;  date,  March  10,  1885;  C.  M.  Seltzer  and  O.  T.  Moock.— For  street  rail- 
ways.   Improvements  in  rail  fastenings  and  stringers. 

No.  314158 ;  date,  Marcli  17,  1885 ;  C.  M.  Van  Orman. — A  cross-tie  of  semi-circnlar 
section  /^  \  with  a  cast-iron  saddle  at  each  end ;  the  saddle  has  a  lug  fitting  into 
a  hole  in  the  tie  and  two  diagonal  holes  for  rail  spikes. 

No.  314757;  date,  March  31,  1885;  C.  H.  Van  Orden. — A  cross-tieofT  section,  with 
a  rail  chair  at  each  end,  the  rails  being  secured  by  bolts  which  have  hooked  ends 
passing  through  the  top  of  the  tie. 

No.  315047;  date,  April  7, 1885;  M.  A.  Martindale. — Longitudinals  of  inverted  trough 
section,  with  rails  forming  a  part  of  or  bolted  to  the  top  table.  Connected  by  trans- 
verse tie-plates.     Claimed  to  be  adapted  for  laying  along  highways. 

No.  315771 :  date,  April  14,  1885 ;  L.  Ilaas.— A  cross-tie  made  of  two  pieces  the  full 
length  of  the  tie,  with  the  section  of  figure  1,  having  wooden  bearing  blocks,  to  which 
the  rails  are  spiked.     tSee  No.  247248.) 

No.  317244;  date  May  5,  1885;  H.  Thielsen. — A  cross-tie  of  T  section,  the  sides  of 
the  top  table  being  turned  down.     (See  No.  242850.) 

No.  317763;  date,  May  12,  1885 ;  M.  A.  Glynn  (of  Cuba).— Cross-ties  of  S\.  or  T 
section  ;  also  longitudinals  of  inverted  trough  section. 

No.  317988;  date.  May  11',  1885;  T.  H.  Gibbon. — Longitudinals  with  short  spaces 
between  them  and  connected  by  transverse  tie-bars.  The  rails  are  held  by  clamps 
and  lugs.     (See  Nos.  320869  and  347236.) 

No.  319010;  date,  June  2,  1885;  A.  J.  Moxham. — A  cross-tie  made  of  two  angle- 
irons,  with  distance  plates  at  the  ends  and  middle  |  | ;  the  rails  are  bolted  to 
high  chairs.  The  tie  is  intended  for  street  railways,  and  is  shown  with  a  center- 
bearing  girder-rail.     (See  No.  313512.) 

No.  319813  ;  date,  June  9,  1885;  G.  C.  H.  Hasskarl — ^A  hollow  box  cross-tie,  with  a 
V-sbaped  web  inside ;  1  he  small  middle  space  receiving  the  T-heads  of  the  track-bolts. 
It  is  also  to  be  used  as  a  longitudinal  sleeper  for  street  railways,  the  two  large  side 
spaces  being  used  as  coaduits  for  telegraph  wires,  etc. 
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No.  3'-i02l}l;  date,  June  16,  1885  ;  E.  D.  Dougherty  and  George  B.  Bryant.  -A  cross- 
tie  of  rectaugiilar  section,  with  an  opening  in  the  top  table  to  receive  a  smaller  cross- 
tie  to  which  the  rails  are  fastened,  and  which  rests  on  springs  placed  in  the  larger 
box. 

No.  320869;  date,  June  23,  1885  ;  Thomas  H.  Gibbon. — A  modification  of  former 
patent ;  adapted  for  street  railways.      (See  Nos.  317988,  347236,  363513,  403465.) 

No.  322621;  date,  July  14,  1885;  Petherick  Davey. — A  tie  couiposeii  of  two  plates 
and  chairs  connected  by  a  tie-bar.    The  rails  are  held  by  keyed  clamps. 

No.  32:^75 ;  date,  July  28,  1885  ;  John  K.  Clark. — Separate  rail  supports  of  T  form, 
connected  by  a  broad  flat  tie-bar,  having  the  ends  turned  up  and  bolted  to  the  rail 
Hupport.    (See  No.  310794.) 

No.  323356;  date,  July  28,  1885;  G.  Murray. — A  flat  cross-tie  thickened  under  the 
rail,  and  having  a  rib  at  the  bottom  under  each  rail  and  in  the  middle  ;  the  rails  se- 
cured by  bolted  plates. 

No.  323430;  date,  August  4,  1885;  J.  K.  Lake. — A  combined  metal  stringer  and 
chair  for  street  railways. 

No.  323809;  date,  August  4,  1885;  William  B.  Henning. — A  longitudinal  plate  lies 
under  each  rail ;  with  cross-ties  having  deep  ends,  with  T  slots  to  receive  the  web  and 
flange  of  the  rails.     (See  No.  376S84. ) 

No.  325020;  date,  August  25, 1885;  R.  R.  Shepard. — A  cross-tie  of  channel  section 
I  I  with  one  outer  and  one  inner  lug  for  each  rail,  and  two  |  slots  for  clips  of 
I  shape  with  eccentric  heads. 

No.  326874;  date,  September  22, 1885 ;  P.  Kirk  (of  England). —A  cross-tie  with  in- 
creased thickness  at  the  rail  seats,  and  with  two  lugs  or  clips  punched  up  to  hold  the 
flange  of  each  rail ;  the  rail  being  secured  by  a  wedge  driven  between  the  flange 
and  one  of  the  lugs  (patented  in  England,  France,  Belgium,  and  Spain  in  1885). 

No.  327285 ;  date,  September  29, 1885 ;  J.  Lockhart. — An  improvement  upon  No. 
299557. 

No.  327667 ;  date,  October  6,  1885 ;  P.  H.  Dudley. — Separate  rail  supports  connected 
by  tie-bars.  Each  support  consists  of  a  hollow  rectangular  box,  open  on  toj),  set  on 
a  wide  rectangular  base  or  bowl.  The  box  has  a  partial  filling  of  sand,  upon  which 
rests  a  block  of  compressed  wood  or  wood-pulp  ;  the  rail  rests  on  this  block  and  is 
secured  by  bolted  clamps.  The  heads  of  the  bolt3,are  inside  the  bowl.  One  object 
is  to  enable  the  rails  to  be  raised  or  "  shimmed  "  without  disturbing  the  ballast. 
At  the  joints  the  bowl  is  long  enough  to  carry  two  or  three  **  boxes,"  according  to 
whether  the  rail-joint  is  suspended  or  supported. 

Nos.  327745  and  327843;  date,  October  6,  1885;  L.  E.  Whipple.— A  cross-tie  of  X 
section,  made  of  two  curved  plates  placed  back  to  back  and  having  flat  plate  across 
top  and  bottom. 

No.  328632 ;  date,  October  20,  1885 ;  J.  S.  Ammon. — A  cross-tie  of  A  section  with  rail 
chairs  secured  to  the  top  ridge. 

No.  329429;  date,  November  3,  1885  ;  G.  E.  Baldwin. — A  pair  of  rail  chairs  of  J'^^ 
shape,  resting  on  wooden  blocks  and  tied  together  by  a  rod.  The  top  table  has  a 
groove  to  receive  the  web  of  a  rail  of  T  section,  having  no  bottom  flange.  Intended 
especially  for  city  railways. 

No.  329821 ;  date,  November  3,  1885  ;  P.  Davey. — A  cross-tie  of  channel  section,  lo 
which  the  rails  are  secured  by  keys  and  Z-shaped  clamps,  the  lower  part  of  the  latter 
lying  inside  the  tie. 

No.  332384;  date,  December  15,  1885 ;  J.  Conley. — A  fastening  for  attaching  rails  to 
metal  ties,  which  have  lugs  to  hold  the  outer  flange  of  rail.  The  fastening  is  a  bar 
inside  the  tie,  with  a  hook  at  one  end  projecting  through  a  hole  and  holding  the  rail 
flange,  while  the  other  end  is  bent  up  against  the  end  of  the  tie.     (See  No.  254802.) 

No.  332707;  date,  December  22,  1885;  .Jacob  Frysinger. — Wooden  stringers  are  con- 
nected by  metal  cross-ties  of  I  section,  having  the  web  cut  away  at  the  ends  to  admit 
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the  stringers.    The  rails  are  secured  by  bolts  passiDg  through  the  stringers  and  the 
flanges  of  the  ties.     (See  No.  400558.) 

No.  333015  ;  date,  December  2i,  18ri5;  J.  Howard  and  E.  T.  Bousfield  (of  England).— 
A  cross-tie  of  ^^^  N^  section,  with  a  U-shaped  depression  for  each  rail,  the  rail  being 
secured  with  a  wooden  wedge.  See  report,  "  England."  (These  ties  have  been  used 
•with  the  English  double-headed  rail ;  patented  in  England.)     (See  No.  335523.) 

No.  333480 ;  date,  December  29,  188.'> ;  L.  B.  Prindle. — A  steel  cross-tie  three-eighths 
to  I  inch  thick ;  channel  sectign  i  ] ;  at  each  end  is  a  slot  to  receive  a  tenon  at 
the  bottom  of  a  rail  chair. 

No.  334228;  date,  January  12, 1886;  E.  N.  Higley.— An  improvement  on  No.  312717. 

No.  334696;  date,  January  19,  1886;  H.  L.  De  Zeng. — An  improvement  in  fasten- 
ings.    (See  No.  145991.) 

No.  3.35523;  date,  February  2,  1886 ;  J.  Howard  and  E.  T.  Bousfield  (of  England).— 
A  cross-tie  made  of  a  metal  sheet  or  plate,  with  oue  or  more  corrugations  lengthwise, 
the  rails  being  held  iu  chairs  made  by  cutting  away  the  corrugations.  (See  No. 
333015.) 

Nos.  335804  and  335805;  date,  February  9,  1886;  E.  P.  J.  Freeman.— A  cross  tie 
made  of  a  sheet  of  metal  bent  to  form  a  rectangular  box.  A  wooden  block  is  placed 
inside  under  each  rail,  and  a  spike  is  driven  into  the  wood  through  a  hole  in  the 
metal.  The  spike  may  be  split  so  as  to  flare  like  A  when  driven  in  combination,  a 
guard-rail  of  a  plate  bent  to  Z  shape,  the  rail  lying  on  the  bottom  flange  and  all  fast- 
ened to  the  tie. 

No.  338057 ;  date,  March  16,  1886;  J.  Gearon. — A  continuous  road-bed  made  of  chan- 
nel cross- ties  placed  alternately  |  |  and  | I,  with  the  vertical  flanges  overlap- 
ping one  another. 

No.  339275;  date,  April  6,  1886;  J.  De  Mott. — A  cross-tie  with  a  rail  chair  at  each 
end.   .The  end  of  the  tie  is  rounded  on  plan,  and  is  embraced  by  a  t  clamp  with 

the  ends  turned  np  to  hold  the  rail  flange. 

No.  339938 ;  date,  April  13,  1886  ;  F.  F.  Scott. — A  cross-tie  with  a  chair  for  each  rail; 
one-half  of  chair  fixed,  the  other  fastened  by  bolts.  Pins  driven  through  the  web  of 
the  rail  prevent  vertical  movement. 

No.  340118;  date,  April  20,  1886;  H.  Howard. — A  deep  channel  | |  cross-tie  for 

street  railways.     Therailsare  keywd  to  chairs  resting  on  the  top  of  the  flanges. 

No.  341286;  dale.  May  4,  1886;  James  Smith. — Bowls  of  V  section,  connected  by 
tie-bars.     The  rails  lie  inside  the  bowls. 

No.  341416;  date.  May  4,  1886;  F.  V.  Greene. — For  street  railways.  A  continuous 
cast-iron  hollow  bearing  (preferably  10  feet  long  and  weighing  140  pounds  per  yard) 
under  each  rail.  The  rails  are  grooved,  and  are  screwed  to  the  top  of  the  longitu- 
dinal. 

No.  342987 ;  date,  June  1,  1886 ;  A.  N.  Warner  and  T.  J.  Deakin.— A  cross-tie  of 

channel  section  I I  with  T-shaped  rail  chairs  fitting  into  it.     The  rail  secured  to 

chairs  by  bolts  with  hooked  ends,  the  nuts  being  under  the  flange  of  the  chair. 

No.  344011;  date,  June  22,  1886;  C.  H.  Sayre.— Flator  arched  /"  \  cross-ties  with 
pieces  punched  out  of  the  top  and  bent  to  embrace  the  flange  and  web  of  the  rail. 

No.  344185;  date,  June  22,  1886;  W.  Kilpatrick.— A  cross-tie  of  y  ^  section  with 
a  slot  along  the  flattop  to  receive  the  bottom  of  the  rail  chairs. 

No.  344826;  date,  July  6,  1886;  I.  F.  Good. — A  flat  cross-tie  thickened  and  widened 
at  the  ends  to  form  rail  chairs,  and  having  flanges  projecting  down  under  the  chairs. 
The  rails  secured  by  keys. 

No.  345054 ;  date,  July  6, 1886 ;  Samuel  Hyman. — Hollow  columns,  with  caps  form- 
ing rail-seats.     For  street  railways. 

No.  345733;  date,  July  20,1886;  C.  Sailliez. — A  cross-tie  of  channel  section  |  |, 
with  lugs  to  hold  the  rail  flanges.  The  flanges  are  cut  away  at  the  ends  to  allow  of 
wooden  stringers  being  used  under  the  rails. 

No.  346998;  date,  August  10, 1886;  D.  Kaufman.— Flat  cross-tieg  with  chairs  attlje 
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ends,  and  longitndinal  continnous  flat  plates  beyond  the  chairs.  The  space  between 
the  rails  is  covered  by  a  coutiuuous  arched  plate. 

No.  3472.%;  date,  August  10,  188G;  Thomas  Gibbon. — Hollow  inverted  trough 
stringers.     For  street  railways.     (See  No.  317&88.) 

No.  348877;  date,  September  7,1886;  Henry  P.  Adams.— Each  tie  consists  of  two 
rectangular  plates,  connected  by  a  tie-bar.  Alternate  ties  have  lugs  ou  the  outer  and 
inner  sides  of  the  rails.     (See  No.  361199.) 

No.  349524  ;  date,  September  21,  1886;  E.  Schmidt  (of  Prussia).— A  cross-tie  made 
of  two  old  flange  rails  laid  flat,  head  to  head,  forming  a  tie  of  H  H  section.  The  rails 
rest  ou  the  web  and  are  fastened  by  bolted  clips.     (Patented  in  Germany.) 

No.  349846 ;  date,  September  28,  1886 ;  Edward  Jones.— Hollow  irou  boxes,  with 
high  raised  seats  for  the  rails,  and  connected  by  deep  plates  set  on  edge. 

No.  350478  ;  date,  October  12,  1886 ;  John  K.  Clark. — Separate  rail-supports,  con- 
nected by  flat  tie-bars.     (See  No.  310794.) 

,  No.  350692;  date,  October  12,  1886;  T.  L.  Mnmford  and  H.  Moore.— A  cross-tic  of 
inverted  trough  section,  wider  at  the  ends,  with  fixed  lugs  and  movable  clamps  for 
fastening  the  rails. 

No.  351002 ;  date,  October  19,  1886 ;  A.  T.  Stevens. — A  hollow  rectangular  box  tie, 
with  bottom  flanges  at  the  ends,  and  the  top  flanges  along  the  sides;  the  rail  clamps 
are  bent  to  take  hold  of  these  flanges. 

Nos.  351498  and  351499  ;  date,  October  26,  1886 ;  E.  C.  Davis.— A  cross-tie  made  of 
two  old  rails  placed  side  by  side.  Each  track  rail  rests  on  a  bearing-block  in  two 
pieces,  with  a  lip  at  the  end  to  engage  the  rail  flange.  The  blocks  are  slid  into  place 
between  the  tie  rails  and  bolted  through  the  tie. 

No.  351996 ;  date  November  2,  1886 ;  Charles  Netter. — Cross-ties  of  I  Jj  section, 
with  hook  bolt  fastenings ;  the  hook  of  the  bolt  fits  into  a  hole  in  the  side  of  the  tie, 
and  the  nut  is  screwed  down  on  a  rail  clamp.     (See  No.  372864.) 

No.  352002;  date,  November  2,  1886;  E.  F.  Reynolds.-A  cross-tie  of  lAAAl  sec- 
tion. The  rails  rest  in  notches  cat  in  the  top,  and  are  held  by  hinged  clips  and  lock- 
ing clips. 

No.  353028 ;  date,  November  23,  1886 ;  E.  N.  Higley.— Improvement^  npon  Nos. 
334228  and  312717. 

No.  353691 ;  date,  December  7,  1886 ;  S.  D.  Locke. — A  channel  cross-tie  |  |,  with 
iuclined  ends  and  a  transverse  rib  in  the  middle.  The  rails  are  fastened  by  bolted 
clips.    (See  No.  356002.) 

No,  354147;  date,  December  14,  1886;  F.  G.  Johnson.— Cross-ties  of  f  |  section, 
with  the  bottom  edges  turned  in  to  retain  a  concrete  filling  or  a  filling  made  of  loose 
stone  with  melted  iron  poured  over  it,  the  casting  being  done  inside  the  tie.  The 
rails  are  held  by  bolted  clamps;  the  clamp  having  lugs  which  tit  into  the  holes  in 
the  ties,  and  these  lugs  as  well  as  the  bolts  are  long  enough  to  enable  the  rail  to  be 
shimmed  up  when  necessary.    The  shims  extendinjr  under  the  rails  and  clamps. 

No.  354:^50;  date,  December  14, 1886;  R.  S.  Sea. — A  cross-tie  of  T  section  with  en- 
larged ends  forming  rail  chairs.     (See  No.  375005.) 

No.  354433;  date,  December  14,  1886;  R.  Morrell.— A  cross-tie  made  of  a  plate  bent 

to  form  a  hollow  rectangular  box,  with  the  top  and  bottom  cat  away  at  tbe  middle. 

The  rails  are  fastened  to  wooden  bearing-blocks  placed  inside  the  tie.    (SeeNo.  3659:^2.) 

No.  355778;  date,  January  11,  1887;  A.  J.  Moxham.— For  street  railways.     A  steel 

plate,  24  inches  long  6  inches  wide  and  one-fourth  inch  thick,  is  twisted  spirally,  and 

is  embedded  in  concrete.     Angle-irons  are  rive'ed  to  the  top  to  form  a  rail-seat,  and 

the  two  columns  are  connected  by  a  tie-bar,     (See  No.  313512.) 

No.  356002;  date,  January  11,  1887;  S.  D.  Locke— An  improvement  on  No.  353691. 

No.  357301;  date,  February  8,  1887;  J.  J,  Anderson.— Metal  chairs  with  one  fixed 

jaw,  and  one  loose  jaw  for  supporting  the  rails.    Adapted  for  street  railways. 

No.  358144;  date,  February  22,  1887;  J.  Clark.— A  croes-tie  of  channel  section,  with 
chairs  for  the  rails.    (See  No.  249503. ) 
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No.  358981 ;  date,  March  8^  1887 ;  J.  C.  Lane.— An  iron  bridlerod,  made  in  two 
pieces,  bolted  together  at  the  middle,  to  prevent  rails  from  spreading  at  the  curves. 

No.  359115  and  No.  359117;  date  March  8,  1887;  W.  Wharton,  jr.— A  cross-tie  of 
±  or  L  section,  with  the  bottom  flange  bent  up  to  make  a  chair  for  the  rails.  To  be 
used  on  street  railways  with  girder  rails. 

No.  359440;  date,  March  15,  1887;  T.  Gleason.— A  cross-tie  of  trough  section  '  I 
with  interior  cross-pieces  or  webs  to  which  the  rail  clamps  are  fastened. 

No.  359854;  date,  March  22,  188?;  Henry  C.  Draper.— A  compound  tie,  consisting 
of  two  channel  irons  placed  back  to  back  with  a  wooden  tie  between  them.  The 
three  pieces  are  bolted  together,  and  one  end  of  the  bolt  is  bent  np  and  over  so  as  to 
hold  the  rail  flange. 

No.  360397 ;  date  March  29,  1887 ;  M.  Y.  Thompson.— A  flat  cross-tie,  with  a  U- 
shaped  depression  at  each  end  to  receive  a  wooden  bearing-block.'  The  rails  are 
fastened  by  keys. 

No.  361199;  date,  April  12,  1887;  H.  P.  Adams.— A  cross-tie  of  T  section,  with 
chairs  keyed  to  it.     (See  No.  348877.) 

No.  361330;  date,  April  19,  1887;  P.  J.  Severac  (of  Paris).— A  cross-tie  of  I  section, 
with  the  horizontal  flanges  bent  at  the  ends.  In  some  cases  a  broad  plate  is  riveted 
to  the  bottom  flange.  The  rails  are  fastened  by  clips  or  keyed  to  chairs.  (This  sys- 
tem is  in  use  in  Europe.)  Patented  in  France,  Belgium,  England,  Italy,  and  Spain, 
in  1884-'85.     (See  Report:  "Belgium.") 

No.  382608 ;  date,  May  10,  1887  ;  John  K.  Clark. — A  cross-tie  consisting  of  two  rail 
bearers  or  bowls,  connected  by  a  tie-bar.  The  rails  are  held  by  bolted  clamps.  (See 
No.  310794.) 

Nos.  362786  and  3G2787;  date,  May  10,  1887 ;  J.  Riley  (of  Scotland).— A  cross-tie  of 
inverted  trough  section,  with  the  rail  chairs  stamped  or  pressed  by  dies,  tbe  rails 
being  secured  by  wedges.     (Patented  in  England  and  Belgium  ;  1885-'86.) 

No.  363020 ;  date.  May  17,  1887 ;  L.  Taylor. — A  hollow  box  cross-tie,  with  outward- 
flaring  sides  and  concave  bottom.  The  rails  are  fastened  by  hook  bolts  with  the  nuts 
inside  the  tie. 

No.  363513;  date.  May  24,  1887;  Edgar  S.  Fassefct. — Hollow  inverted  trough  string- 
ers, connected  by  tie  bars  which  maintain  the  gauge.  For  street  railways.  Improve- 
ments on  the  Gibson  patents.     (See  Nos.  317988,  320869,  and  .347236.) 

No.  365169;  date,  June  21,  1887;  George  de  Beaulieu.— Two  rail-bearers  connected 
by  a  tie-rod.  Each  rail-bearer  has  one  fixed  jaw  and  one  bolted  jaw  to  support  the 
rail. 

No.  365350;  date,  June  21,  1887;  A.  Roelofs. — A  cross-tie  of  channel  |  ]  or  in- 
verted trough  section.  The  rails  are  fastened  by  fixed  lugs  on  the  outside,  and  a  tie- 
bar  which  is  sprung  into  place  on  the  inside.  Also  a  flat  tie  with  a  rib  under  each 
ail  and  a  slot  along  the  middle  for  tbe  bent  tie-bar. 

No.  365511;  date,  June  28,  1887;  F.  X.  Georget. — A  cross-tie  or  longitudinal,  of 
channel  section  I  I.  built  up  of  a  base  plate  and  two  concave  side  plates  with  the 
tops  flanged  outward  horizontally.  The  ties  or  longitudinals  are  connected  by  tie 
rods.     (See  No.  381125.) 

Nos.  36o932  and  365933;  date,  July  5,  1887;  R.  Morrell.— A  hollow  cross-tie,  made 
of  a  plate  bent  to  an  oblong  section,  with  straps  around  it  at  the  rail  fastenings.  The 
metal  is  cut  away  to  let  the  rails  rest  on  a  wood  block  inside  the  tie;  the  metal  straps 
keep  the  spikes  from  working  loose  and  allowing  the  rails  to  spread.  Also  a  tie  for 
elevated  roads,  made  of  two  plates  on  edge,  fastened  together  at  the  middle,  and 
flaring  apart  to  admit  wooden  bearing-blocks  between  them.     (See  No.  354433.) 

No.  366546 ;  date,  July  12,  1887  ;  N.  S.  White.— A  cross-tie  of  channel  |  |  or  in- 
verted trough  section,  with  a  base  plate  at  each  end,  with  a  beariug-block  of  wood  or 
other  material  inside  under  each  rail.    The  rails  are  fastened  by  locking  clamps. 

No.  367325 ;  date,  July  26,  1887 ;  John  Splane. — A  cross-tie  of  i  |  channel  section, 
with  the  bottom  of  the  sides  flanged  outwards.    The  rails  are  let  into  apertures  in 
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the  top  and  rest  on  the  hooked  ends  of  two  tie-bolts,  the  inner  ends  of  which  are 
connected  by  a  tumbuckle  which  is  tightened  by  a  wrench,  there  being  a  hole  in  the 
middle  of  the  top  table  of  the  ties. 

No.  367383;  date,  August  2,  1887 ;  J.  Fitzgerald. — The  rails  are  fastened  to  a  cast- 
iron  cross-tie  by  hook-headed  spikes,  which  are  secured  by  horizontal  keys  fitting 
into  corresponding  notches  in  the  tie  and  spike. 

No.  369591;  date,  September  6,  1887:  J.  H.  Coflfman. — A  solid  tie  with  a  groove 
along  the  top  and  Ings  for  the  inner  flanges  of  the  rail ;  hoo&ed  rods  hold  the  outer 
flange,  and  the  inner  ends  of  the  rods  are  attached  to  a  spring  at  the  middle  of  the 
tie. 

Nos.  3697JV5  and  369756;  date,  September  13,  1887  ;  William  L.  Van  Harlingen.sr.— 
A  box  cross-tie  made  of  an  inverted  trough  fastened  to  a  base -plate;  inclined  and 
closed  ends.  It  incloses  a  wooden  tie  or  wooden  bearing-blocks.  The  rail  is  fastened 
by  wood  screws  with  wide  heads.  Also  a  metal  tie  with  end  boxes  to  contain  springs 
on  which  the  rails  rest. 

No.  370072 ;  date,  September  20,  1887 ;  R.  C.  Lukens. — A  cross-tie  of  T  section, 
•with  slots  in  the  web  for  attaching  weights  or  anchors  to  keep  the  track  in  position. 
The  rails  are  fastened  by  lugs  and  bolts. 

No.  370164;  date,  September  20,  1887;  H.  L.  Stillman.— A  street-railway  track, 
with  wooden  stringers  connected  by  metal  tie-bars  of  I  section,  secured  by  keys. 

No.  370192;  date,  September  20,  1887;  D.  C.  Heller.— A  hollow  box-tie  of  rectan- 
gular section,  with  the  top  cut  away  under  the  rails.  The  tie  is  filled  with  concrete 
aud  h^s  two  wooden  blocks  to  which  the  rails  are  spiked. 

No.  370226;  dat«,  September  20,  1887  ;  C.  W.  Yost.— A  flat  tie  with  lugs,  and  asep- 
arate  bed-plate,  with  lugs,  for  each  rail. 

No.  370,634 ;  date,  September  27,  1887  ;  J.  Mahouey  and  D.  W.  Shockley.— A  cross- 
lie  of  I  I  section,  with  a  saddle  plate  for  each  rail  seat.  The  plate  has  a  lug 
for  one  flange  and  a  clip  is  bolted  on  the  other.     (See  No.  280200.) 

NX).  370837  ;  date,  October  4,  1887 ;  John  B.  Williams. — The  tie  consists  of  two 
rectangular  iron  frames  or  boxes  connected  by  a  tie-bar ;  lugs  or  two  of  the  sides 
form  a  seat  for  the  rail.  A  block  of  wood  or  other  material  is  fitted  into  the  frame 
and  has  to  this  the  rail  is  spiked. 

No.  371110 ;  date,  October  4, 1887  ;  W.  H.  Troxell. — A  cross-tie  with  raised  rail  seat 
and  outer  lugs.  Hooked  bolts,  with  nuts  on  the  outer  side  of  the  chair,  hold  the 
inner  flange  of  the  rail. 

No.  371780;  October  18,1887;  J.  Moser  and  E.  Moeckel. — A  cross-tie  of  T  section, 
with  a  chair  at  each  end;  each  chair  has  an  inclined  rail-brace  and  two  hook-bolts. 

No.  371993 ;  date,  October25, 1887  ;  Enoch  L.  Taylor.— Two  rail-bearers  of  inverted 
trough  section,  connected  by  a  flat  tie-bar,  placed  on  edge,  which  passes  through  a 
slot  in  each  rail-bearer  or  bowl.  Lugs  on  the  bearers  hold  the  inner  side  of  the  rail 
flange,  and  lugs  on  the  ends  of  the  tie-bars  hold  the  outer  side.  (See  No.  286651 ; 
see  Report;  "  United  States.") 

No.  372,230;  date,  October  25,1887;  A.  McKenney.— Cross-ties  of  channel  | 1 

section,  with  one  end  cut  otf  at  an  angle  to  allow  of  a  diagonal  tie  to  the  next  trans- 
verse tie,  each  set  of  three  ties  making  a  letter  N  on  plan.    Arranged  continuously. 

No.  372525;  date,  November  1,1887;  J.  A.  Dunning. — A  hollow  rectangular  cross- 
tie,  with  open  inclined  ends ;  bottom  and  sides  have  corrugations,  transversely  and 
vertically.     Bolted  clip  fastenings. 

No.  372703 ;  date,  November  8,  1887 ;  I.  A.  Perry.— A  cross-tie  made  of  two  old  rails, 
with  saddle  chairs  fitting  over  the  heads  of  these  rails.  Track  rails  fastened  by  chair 
and  sliding  wedge,  being  held  by  flange  and  web. 

No.  372864 ;  date,  November  8,  1887  ;  C.  Netter. — A  cross-tie  of  T  section,  with  the 
ends  beyond  the  rails  bent  down  vertically  and  then  horizontally.  Rails  fastened 
by  bolts  having  hooks,  which  take  hold  of  the  bottom  of  the  web  of  the  tie.  (See 
No.  351996.) 


342 

No.  372879 ;  date,  November  8,  1887  ;  S.  H.  StuU. — A  cross-tie  made  of  a  plate  bent 

to  a  semi-circular  form  V ^,  aud  semi-cyliudrical  at  the  ends  D.    Rails  fatiteued 

by  clamps.     Open  ends. 

No.  37;J656;  date,  November '-JJ,  18:37;  W.  P.  Hall  and  C.  C.  Barnett.— A  cross-tie 
of  semi-circular  section  /'  \,  witli  open  ends.  Shoulders  pressed  out  to  preveut 
spreadings.    Rails  fjistened  to  saddles  or  straps.     (See  No.  37599G.) 

No.  375005;  date,  December  20,  1887;  R.  Sea. — A  cross-tie  of  channel  section,  with 
closed  ends.  A  strengthening  plate  is  bolted  to  the  under  side  of  the  top  table,  and 
the  side  flanges  are  deeply  notched  to  give  elasticity.  A  metal  block  is  bolted  under 
each  rail,  and  the  rails  are  secured  by  bolted  plates.     (See  No.  354250.) 

No.  375763 ;  date,  January  3,  1888  ;  T.  B.  Moore.— A  cross-tie  of  inverted  channel 

section  i \.    The  rails  are  held  by  clamps    and  hook-bolts  ;  the  hook  end  is  inside 

the  tie,  and  the  nut  is  screwed  down  on  the  clamp,  which  has  a  lug  fitting  into  tlie 
bolt  hole. 

No.  375856;  date,  January  3,  1888;  R  T.  White. — A  cross-tie  of  ±  section,  with 
high  chair  at  each  end  to  receive  the  web  of  a  girder  rail.  Intended  for  street  rail- 
ways.   (See  Nos.  385395  and  386420.) 

No.  375996  ;  date,  January  3, 1888  ;  W.  P.  Hall. — A  hollow  cross-tie,  made  of  a  plate 
bent  almost  cylindrical,  but  with  the  bottom  open  aud  flat  on  top.  The  rails  are 
fastened  to  saddle  straps.     (See  No.  373656.) 

No.  376214;  date,  January  10,  1888;  J.  W.  Smith. — A  hollow  rectangular  cross-tie, 
with  holes  in  the  top  to  admit  the  rail  chairs,  which  rest  on  coiled  springs  inside  the 
tie. 

No.  376250;  date,  January  10,  1883;  N.  M.  Marks.— The  two  rail-bearera  are  of 

I  I  ■  section,  with  ratchet  teeth  ou  the  outer  faces  ;  over  the  upright  leg  tits  a  sad- 
dle n,  also  with  ratchet  teeth,  so  that  the  height  of  the  rail  can  be  adjusted.  The 
rails  are  secured  to  the  saddles,  which  are  connected  by  flat  tie-bars. 

No.  376884;  date,  January  24,  1888;  William  B.  Heuuing.— A  flat  bar,  bent  up  at 
the  ends  to  embrace  the  flange  and  web  of  rail.  Loose  angle  clampa  on  inside  of  rail. 
(See  No.  323809.) 

No.  377162;  date,  January  31,  1888;  G.  Kelton.— A  cross-tie  of  channel  section 

I 1,  with  a  separate  bottom,  having  projections  on  its  inner  side  to  give  a  hold  to 

the  pulp  with  which  the  tie  is  to  be  filled.  The  rails  are  fastened  by  hooked  bolts, 
with  nuts  inside  the  tie,  cavities  being  left  in  the  pulp  filling. 

No.  378133;  date,  February  21,1888;  James  M.  Gibberson. — Stone  or  other  blocks 
with  flat  tie-bars,  having  lugs  which  can  be  bent  over  the  flanges  of  the  rails. 

No.  378280 ;  date,  February  21, 1888  ;  F.  L.  Barrows. — A  cross-tie  of  inverted  trough 
section,  with  clips  struck  up  on  the  outside  of  the  rail  to  hold  its  flange,  and  clips 
lengthwise  on  the  inside  of  the  rail  to  hold  a  rail  fastening. 

No.  378930 ;  date,  March  6,  1888  ;  J.  Hill.— A  flat  cross-tie,  corrugated  lengthwise 
top  and  bottom.  The  rail  is  keyed  to  a  chair.  The  inventor  proposes  to  use  a  double- 
headed  rail. 

No.  379312;  date,  March  13, 1888 ;  S.  B.  Jerome. — A  hollow  rectangular  cross-tie, 
made  of  a  bent  plate.  It  is  to  be  filled  with  straw,  sawdust,  etc.,  aud  has  a  narrow 
bearing-block  along  the  underside  of  the  top,  to  which  the  rails  are  spiked.  The  ends 
are  closed  by  wood  or  cement  blocks. 

No.  379399;  date,  March  13,1888;  J.  Jacobs.— A  cross-tie  of  channel  section  I I 

with  closed  ends ;  a  top  plate  is  bolted  on  by  side  clamps  to  form  a  rail  seat.  The  tie 
is  to  be  filled  with  concrete,  etc. 

No.  379574;  date,  March  20, 1888 ;  C.  P.  Hawley.— A  cross-tie  of  I  section,  with  the 
top  flange  bent  to  make  a  rail  brace.  A  longitudinal  bridge  is  used  under  the  rail  at 
joints. 

No.  379575;  date,  March  20,  1888;  C.  P.  Hawley. — A  combined  metal  and  wooden 
tie,  consisting  of  a  metal  beain  of  i.  section,  resting  on  a  wooden  tie  or  plank. 

No.  379576;  date,  March  20,  18S8. — A  cross-tie  of  J.  section,  with  slots  for  the  web 
of  a  T  girder,  forming  a  rail  seat,  or  which  can  be  made  a  longitudinal  bearing. 
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No.  3t96l2  ;  (tate,  March  20,  1888 ;  C.  Q.  Singer.— A  cross-tie  of  -|-  cruciform  section, 
with  the  top  liuuye  cut  away  at  the  rail  seats.  The  rails  are  held  by  burizoutal  U 
clamps,  the  euil  beiug  in  a  hole  iu  the  top  flauge  of  the  tie,  with  the  two  legs  resting 
on  the  rail  flauge.  A  key  or  plug,  driven  horizontally  through  the  tie,  holds  the 
clamp  down  ou  the  rail. 

No.  380274  ;  date,  March  27,  1888;  George  E.  Blaiue  and  Edward  Hill.— Anchor- 
blocks  or  bowls  of  terra  cotta  or  earthenware,  of  frnsto-conoidal  or  friisto-pyrauiidal 
form,  connected  by  metal  tie-bars.     The  rails  rest  on  wooden  plates. 

No.  380623;  date,  April  3,  1888;  H.  L.  De  Zeug.— Improvements  upon  No.  145991, 
etc. 

No.  381059 ;  date,  April  10,  1888;  W.  H.  Donaldson.— A  cross-tie  of  m  section.  The 
rails  are  held  by  gibs  with  long  ends  within  the  tie.  which  are  to  be  secured  by  a 
cotter  driven  through  the  tie  parallel  with  the  rail. 

No.  381125;  date,  April  17,  1888;  F.  X.  Georget.— Improvements  upon  No.  365511, 

No.  381860;  date,  April  24,  1888;  E.  R.  Stiles.— A  cross-tie  of  channel  section! |, 

with  a  wooden  block  under  each  rail. 

No.  382134;  date,  May  8,  1888;  W.  H.  Britton.— A  cross-tie  of  T  section,  with  the 
vertical  web  corrugated  vertically.    The  rails  are  secured  by  lugs  and  clamps. 

No.  382394;  date.  May  1,  1886  ;  J.  B.  Sutherland. — A  cross-tie  of  approximately  Y 
section ;  curved  like  the  section  of  a  yacht,  and  with  the  top  edges  bent  in  to  form 
horizontal  flanges  for  the  rail-chairs. 

No.  382470;  date,  May  8,  1888;  R.  M.  Hunter.— A  modification  of  the  Taylor  pat- 
enis.    (See  Nos.  286651  and  371993.) 

No.  :J82855 ;  date,  May  15,  1888 ;  F.  Barhydt. — A  hollow  box  cross-tie,  with  closed 
ends.  There  is  a  wooden  block  the  full  size  of  the  face  of  the  tie  at  the  top,  and 
another  at  the  bottom ;  both  inside.  Coil  springs  are  interposed  between  the  top  and 
bottom  sections. 

No.  383118;  date.  May  22,  1888;  M.  Fitzgerald. — A  cross-tie  of  channel  section 
I        I,  with  solid  ends.     Fixed  lugs  and  hooked  spikes  are  the  rail  fastenings. 

No.  384785;  date,  June  19,  1888;  Jacob  Reese. — A  cross-tie  of  fl  section,  with  a 
groove  along  its  top  table ;  rail  seat  bolted  on  top.  The  rail  is  secured  by  a  bolt 
passing  under  it  and  through  the  chair,  having  f  washers  to  hold  the  rail  flange.  It 
is  to  be  rolled  from  a  plate  of  No.  7  steel  24  inches  wide  ;  bedded  iu  ballast. 

No.  385395;  date,  July  3,  1888;  R.  T.  White.— A  channel  cross-tie  of  U  section, 
with  rails  secured  to  saddles  by  bolts  and  clips.     (See  No.  375856.) 

No.  385492;  date,  July  3,  1888;  D.  Y.  Wilson.— A  cross-tie  made  of  two  angles 
_J  t  with  a  base  plate  and  channel  plate  for  rail  seat  at  each  end.  Rails  bolted 
through  top  and  bottom  plates. 

No.  386064;  date,  July  10,  1888;  H.  T.  Ferris. — Rails,  ties,  etc.,  of  a  composition  of 
500  parts  of  paper  pulp,  25  parts  of  silicate  soda,  and  10  parts  of  barytes. 

No.  386119;  date,  July  17,  1888;  R.  W.  Flower,  jr.,  and  S.  L.  WMegand.— A  hollow 
cross-tie  of  rectangular  section,  with  part  of  the  bottom  cut  away  and  turned  down 
to  prevent  lateral  movement.  The  rails  are  spiked  to  wood  blocks  inside  the  tie. 
(See  No.  420485.     See  Report  ;  "United  States.") 

No.  386156;  date,  July  17,  1883;  J.  A.  Ogden. — A  cross-tie  of  channel  section  ( f, 

wide  at  the  bottom,  with  bearing  blocks  and  hook-fastenings  for  the  rails. 

Nos.  :i86.356  and  386:^57 ;  date,  July  17,  1888;   H.  Shultzeu.— A  channel  tie   J (, 

with  the  middle  part  of  the  bottom  cut  away  and  turned  up  to  y»revent  lateral  move- 
ment. The  rail  is  fastened  to  a  wooden  block  by  Z-clips  and  a  longitudinal  bolt 
under  the  rail,  or  by  diagonal  bolts.  (Now  being  manufactured  by  the  Standard 
Steel  Tie  Company,  of  New  York.)     (See  Report ;  "  United  States.") 

No.  38638U;  date,  July  17,  1888;  A.  Durand. — A  cross-tie  of  inverted  trough  section, 
with  clips  and  channels  stamped  in  it.     (See  Report;   "  United  States.") 

No.  386420;  date,  July  17,  1888;  R.  T.  White.— Hollow  box  cross-ties  of  different 
sections,  made  of  bent  plates.  Cross-section  intended  to  give  elasticity.  (See 
385395.) 
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No.  387602;  date,  Angnst  7,  1888;  Peter  Seraonin. — Cross-ties  of  inverted  trough 
sectiou.  The  rails  are  held  by  a  fixed  lag  on  the  outer  side  and  a  gib  and  cotter  with 
serrated  faces  on  the  inner  side.     (See  No.  421769.) 

No.  388266;  date,  August  7, 1888;  George  Cowdery  and  E.R.  Thomas,  (Australia).— 
A  cross-tie  of  inverted  cross-section,  with  closed  ends,  and  with  lugs  stamped  up  at 
each  rail  seat.  Each  rail  rests  on  a  bed-plate  placed  between  the  lugs,  and  issecured 
by  a  split  key.     (Patented  in  England,  June  30,  1886.)     (See  Report;  "Australia.") 

No.  388277 ;  date,  August  21,  1888 ;  A.  J.  Hartford. — A  flat  cross-tie,  with  end 
turned  up,  and  a  bent  plate  tie  bridge,  arched  in  the  middle,  bent  to  form  a  shoulder 
for  inner  flange  of  rail;  the  rail  rests  on  this  plate  and  the  end  is  turned  over  the 
outer  flange  and  secured  by  a  bolt  through  both  plates.    (See  No.  401949.) 

No.  388296;  date,  August  21,1888;  James  R.  Millhouse. — A  cross-tie  made  of  a  sheet 
of  metal,  forming  a  deep  tie-bar  on  edge,  and  bent  to  form  a  box  or  frame  under  each 
rail. 

No.  389464;  date,  September  11, 1888;  L.  Haas. — A  cross-tie  of  rectangular  sectiou ; 
top  cut  away  at  ends  and  middle.     Wooden  block  under  each  rail.     (See  No.  247248. ) 

No.  390014;  date,  September  25,  1888;  R.  P.  Faddis.— Wooden  stringers,  with  flat 
iron  tie  plates  across  top  and  under  rail,  with  U  bolts  embracing  the  stringers.  For 
street  and  steam  railways.     (See  No.  391131  and  No.  398037.) 

No.  390370 ;  date,  October  2, 1888  ;  I.  G.  Howell. — A  cross-tie  of  channel  sectiou  | 1, 

with  blocks  under  the  rails.  The  top  is  cut  away  for  the  rail,  and  the  rail  clamps  are 
fastened  by  hooks. 

No.  391131 ;  date,  October  16, 1888 ;  R.  P.  Faddis. — Four  or  more  short  pieces  of 
ties  in  a  frame  with  distance  pieces  and  bolts.  These  sections  are  held  together  by 
tie-bars.    (See  No.  390014. ) 

No.  391492 ;  date,  October  23, 1888 ;  W.  J.  Stifler.— A  flat  cross-tie  with  diagonal 
grooves  on  the  under  side  near  the  ends  to  receive  the  heads  of  the  bolts  of  the  two 
plates,  each  with  a  lug,  which  form  one  rail  seat. 

No.  391704;  date,  October  23, 1888;  L.  Haas. — A  cross-tie  of  channel  section  I  I, 
higher  at  the  rail  seats,  with  notched  flanges  for  the  rails.     (See  No.  247248.) 

No.  391999;  date,  October  30, 1888 ;  A.  H.  Ames.— A  flat  cross- tie,  with  flaring  ends 
of  channel  section  |        |,  having  riveted  and  bolted  clips  for  rail  fastenings. 

No.  392849 ;  November  13, 1888;  J.  Cabry  and  W.  H.  Kinch,  (of  England).— A  rolled 
steel  cross-tie  of  inverted  trough  section,  with  lugs  stamped  out.  Rails  secured 
by  keys drivea  between  flange  and  lug.  (In  use  on  the  Northeastern  Railway,  in 
England.)    (See report,  "England.") 

No.  393515 ;  date,  November  27, 1888 ;  D.  M.  McRae. — A  wooden  or  iron  tie,  with 
metal  sockets  at  ends  forming  rail  seats. 

No.  394426 ;  date,  December  11, 1888 ;  David  Wilson,  (England).— A  tubular  tie  of 
concrete  or  other  composition  cast  round  a  core  of  wire  netting.  Blocks  of  wood  are 
placed  inside.  Patented  in  England,  May  15,  1885,  and  February  17, 1886;  France, 
March  16, 1886 ;  Belgium,  March  17,1886;  Spain,  July  20, 1886. 

No.  394738;  date,  December  18,1888;  G.W.Thompson. — A  hollow  cross-tie  of  rec- 
tangular sectiou,  with  a  metal  bearing-block  inside  under  each  rail.  Bolted  clip  rail 
fastenings. 

No.  395134 ;  date,  December  25, 1888 ;  M.  Hagarty. — A  cross-tie  made  of  two  chan- 
nels placed  back  to  back  2  Z,  inner  lug  on  one,  outer  lug  on  the  other.  The  bolt  holes 
in  vertical  web  are  elongated  to  allow  the  channels  to  beshifted  to  let  rail  in. 

No.  395304;  date,  December  25,1888;  C.  F.  Yarbrough. — Hollow  cross-ties  of  rect- 
angular section,  with  open  ends  and  openings  at  sides.  Wood  blocks  may  be  used, 
or  the  ties  may  be  filled  with  ballast. 

No.  395447  ;  date,  January  1, 1889 ;  Michael  Maloney. — A  cross-tie  of  cruciform  sec- 
tiou, -+■ .  Upper  web  cut  away  at  rail  seats  to  let  rails  rest  on  horizontal  web.  Rail 
clamps  bolted  to  upper  web. 

No.  396160;  date,  January  15,  1889;  H.  Hipkins,  (of  England). — A  stamped  metal 
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cro88-tie  of  / — ^^— >  section,  with  lugs  aud  rib  stamped  out  of  top  table.     (Patentt'd 
in  England,  1888.) 

No.  :{9()473 ;  date,  January  22, 1889  ;  C.  P.  Espinasse,  (of  France).— A  cross-tie  of  1 
section,  with  vertical  web  cat  away  for  rail  chair  to  which  rail  is  secured  by  wooden 
wedge. 

No.  398004;  date,  February  19,1889;  8.  U.  Smith,— A  cross-tie  of  channel  section 

I 1,  with  closed  ends.    The  rails  rest  on  the  ends  of  a  separate  cross-plate,  with 

fixed  lugs  inside,  and  bolted  plates  outside. 

No.  398037  ;  date,  February  19,  1889 ;  R.  P.  Faddis.— Short  piecfes  of  ties  connected 
and  braced  together  to  form  a  sort  of  crib.     (See  Nos.  390014  and  391131.) 

No.  400558 ;  date,  April  2,  1889 ;  Jacob  Frysinger. — A  cross  tie  of  1  section  in  three 
pieces.  The  web  is  short  and  the  flanges  embrace  a  wooden  stringer  at  each  end,  and 
are  secured  by  bolts.     (See  No.  332707.) 

No.  400C43;  date,  April  2,  1889;  11.  L.  De  Zeng.— Cross-ties  of  channel  section  | 1 ; 

with  T  a-iron  bolted  inside  under  each  rail,  forming  an  anchor  plate.     The  rails  are 
secured  by  bolted  clamps.     (See  No.  145991.) 

No,  401949  ;  date,  April  23, 1889 ;  Arthur  J.  Hartford. — A  rolled  cross-tie  of  inverted 
trough  section,  with  a  longitudinal  channel  on  the  top  table.  Rails  secured  by  bolts 
aud  clamps.     (See  Report;  "United  States";  see  No.  388277.) 

No.  402818;  date,  May  7,  1839;  Karl  L.  Gocht  (Germany). — A  cross  tie  of  inverted 
trough  section,  with  bottom  horizontal  flanges.  A  rail  chair  is  secured  to  lugs  on  the 
tie. 

No.  403464;  date,  May  14,  1889;  E.  J.  Devens. — A  cross-tie  of  channel  section  |  |. 
The  rails  are  held  by  bent  clamps,  which  hold  the  flange  of  the  rail  aud  the  sides  of 
the  tie. 

No.  403465 ;  date.  May  14, 1889 ;  Thomas  H.  Gibbon.— For  street  railways.  Stringers 

having  one  side  higher  than  the  other I,  to  fit  the  shape  of  a  special  side-bearing 

rail ;  the  rail  has  a  vertical  web  on  its  under  side,  to  fit  into  the  stringer,  where  it  is 
held  by  the  tie-bars.    (See  No.  317988.) 

No.  403741 ;  date.  May  21,  1889;  Robert  Dansinger.— For  street  railways.  Sepa- 
rate blocks  connected  by  He-bars.    Tlie  rails  are  secured  by  cotters  aud  keys. 

No.  404043;  date.  May  28,1889;  Pierre  Kolgraf  (Belgium).— Cross-ties,  formed  of 
two  bars  of  Z  section,  with  a  rail  chair  riveted  between  them  at  each  end.  The- rails 
are  held  by  keys  driven  between  the  rails  and  the  lugs  on  the  chairs.  (See  Report, 
"  Belgium.")  (Patented  in  Belgium  December,  1885 ;  France,  January  5,  1886 ;  Eng- 
land, March  16,  1886;  Italy,  July  12,  1886.) 

No.  404401;  date,  June  4,  1889;  Jacob  Haish.— Cross-ties  made  of  old  rails  laid 
head  down.    The  track  rails  are  to  be  of  bridge  section  and  secured  by  lugs. 

No.  406129 ;  date  July  2, 1889 ;  T.  R.  Dunning.— A  hollow  box  cross- tie  of  rectangu- 
lar section,  with  the  top  projecting  beyond  the  sides  forming  flanges  to  which  the 
rails  are  fastened.    An  iron  block  is  placed  inside  under  each  rail. 

No.  406346;  date,  July  2,  1889;  Levi  Haas. — A  cross-tie  of  channel  section  '  f 
The  rails  rest  in  notches  cut  in  the  sides,  and  are  secured  by  springs  and  clamps. 
(See  No.  247248.) 

No.  408255 ;  date,  August  6,  1889;  C.  B.  Palmer. — A  cross-tie  of  j.  section.  The 
rails  are  held  by  —^  clamps,  the  lower  part  of  which  straddles  the  web  of  the  tie, 
aud  is  secured  by  a  pin  and  split  key. 

No.  409860;  date,  August  27,  1889;  A.  C.  Nickloy. — A  cross- tie  of  rectangular  box 
section,  made  by  coiling  a  steel  plate  spirally. 

No.  410176;  date,  September  3,  1889;  John  R.  McCartney. — A  broad  shallow  crosa- 
tie  of  X^  ^-  section,  with  horizontal  flanges.  The  rails  are  secureil  by  clips  made 
by  turuiug  up  a  strip  of  the  flange  of  the  tie,  or  by  bolted  clamps. 

No.  410236;  date,  September  3,  1889;  A.  B.  Fitch. — A  cross-lie  of  inverted  trough 
section,  similar  to  the  Haarmann  type  (Germany),  having  a  narrow  upper  part  and 
wider  lower  part.     The  upper  part  is  cat  away  at  each  rail  seat  to  let  the  rail  rest 
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Oli  the  lower  parti  The  rails  are  secured  by  dove- tailed  keys  or  wedges  driven  hori- 
tontally,  one  side  being  in  a  notch  in  the  tie,  and  the  other  side  bearing  on  the  rail 
flange. 

No.  410684 ;  date,  September  10,  1889 ;  B.  W.  EUicott.— A  cfoss-tie  of  chaunol 
Hction,  I  Ij  with  rail  chairs  of  C  shape;  the  rail  is  bolted  to  the  upper  leg,  which 
is  prolonged  so  that  the  legs  of  the  two  chairs  meet  and  are  secured  by  bolts.  The 
chairs  are  bolted  to  the  tie. 

No.  410933  ;  date,  September  10,  1889 ;  Edward  Samuel. — A  cross-tie  of  Z  section, 
with  the  top  flanges  cut  and  bent  to  form  lugs  between  which  the  rail  flauge  is  held 
and  secured  by  keys.  A  flat  bar  or  plate,  as  deep  as  the  web  of  the  ties,  is  laid  be- 
tween the  the  ties  at  the  middle,  parallel  with  the  rails. 

No.  411959 ;  date,  October  1, 1889  ;  Robert  Forsyth. — A  cross-tie  of  rectangular  box 
section,  with  a  rib  or  flange  under  the  lower  side;  it  is  made  by  bending  a  plate  to 
the  required  form  and  riveting  together,  the  ends  turned  down  to  form  the  longi- 
tudinal rib. 

No.  412000 ;  date,  October  1, 1889 ;  John  M.  Robbius.— Lougitudiuala  of        1       I 
section,  with  a  continuous  stringer  of  wood  placed  inside. 

No.  412260  ;  date,  October  8,  1889 :  E.  A.  Jenks.— A  flat  tie-bar,  with  the  ends  bent 
np  to  hold  the  outer  flange  of  the  rails ;  used  with  a  metal  plate  under  each  rail,  hav- 
ing lugs  to  hold  the  inner  side  of  the  rail.  The  object  is  to  maintain  the  gauge  of 
track  and  prevent  spreading  of  rails. 

No.  416050 ;  date,  November  26,  1889 ;  C  F.  Z.  Caracristi. — A  cross-tie  of  I  section, 
fitting  into  a  chair  of  box  shape,  with  concave  sides  at  each  end. 

No.  416081 ;  T.  F.  Thomas. — A  cross-tie  in  two  pieces,  spliced  at  the  middle  by  plates 
and  bolts.  The  inner  end  of  one  piece  has  a  semi-circular  groove,  which  receives  a 
semi-cylindrical  rib  on  the  end  of  the  other  piece;  forming  a  horizontal  hinge  joint. 

No.  417426 ;  date,  December  17,  1889 ;  Richard  Jones. — A  cross-tie  having  a  deep 
recess  at  each  end  to  receive  the  rail  up  to  its  head ;  the  rails  are  held  by  jaws  secured 
by  keys  driven  horizontally  through  the  ti<'. 

No.  418052 ;  date,  December  24,  1889 ;  William  Partridge  and  James  McCutcheon, 
jr. — A  hollow  cross-tie  of  triangular  section,  laid  with  the  apex  downward.  A  brace 
of  similar  form  is  placed  inside  the  tie  under  each  rail.  The  ends  are  closed  by 
blocks  of  preserved  wood.     The  rails  are  secured  by  bolted  clamps. 

No.  418158 ;  date,  December  31,  1889 ;  B.  Boyer. — A  cross-tie  of  cruciform  section 
+,  with  the  top  web  cut  away  at  each  rail-seat,  and  sloping  away  from  the  rail-seat 
to  the  middle  and  ends  of  the  tie.     The  rails  are  held  by  angle-bar  clamps  and  kejs. 

No.  419101 ;  date,  January  7,  1890 ;  William  H.  Bagby. — A  cross-tie  of  shallow 

channel  section  1 |,  with  lugs  on  the  sides  to  hold  the  inner  flanges  of  the  rails. 

A  loose  block  or  seat,  secured  by  bolts,  is  under  the  rail,  and  has  lugs  for  the  flanges. 

No.  420299;  date,  Janu-iry  28,  1890;  Levi  Haas. — A  cross-tie  of  inverted  trough 
section.  The  rails  are  fastened  by  bent  clamps,  with  the  ends  secured  inside  the  tie. 
(See  No.  247248.) 

No.  420352 ;  date,  January  28,  1890 ;  William  MacManes  and  George  E.  Lum. — A 
cross-tie  made  of  two  plates  of  ^  section  (thus  O),  with  a  wooden  block  of 
hexagonal  section  at  each  end.  Bolts  pass  through  the  plates  and  blocks.  Between 
the  two  blocks  the  plates  have  longitudinal  flanges,  to  form  a  closed  bottom. 

No.  420485;  date,  February  4,  1890;  S.  L.  Wiegand. — A  cross-tie  of  inverted 
trough  or  channel  section,  with  roughened  top  and  corrugated  sides.  The  rails  are 
held  by  hook-bolts ;  the  hook  end  holds  one  flange,  and  at  the  other  end  is  a  nut  and 
clamp  for  the  other  flange  of  the  rail.     (See  No.  386119.) 

No.  420674;  date,  February  4,  1890;  Isaac  Brown. — A  cross- tie  of.  I I  section, 

either  in  one  piece  or  in  two  pieces  bolted  together  at  mid-length.  The  rails  are 
held  in  chairs. 

No.  420895 ;  date,  February  4,  1890 ;  J.  B.  Wilson. — A  cross-tio  of  ±  section,  with 
a  chair  and  lug  for  each  rail.    A  loose  clamp  is  put  on  the  inner  side  of  each  rail  and 
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Secured  by  tllo  head  of  a  long  spike-shaped  rod  driven  through  the  tie  into  the 
grouud. 

No.  421769;  date,  February  18,1890;  Peter  Semumiu. — Cross-ties  of  inverted  trough 
or  channel  section,  with  a  depression  in  the  top  at  each  end  to  form  a  rail  seat.  The 
rails  are  secured  by  bolted  clamps.     (Sec  No.  387602.) 

No.  42*2830;  date,  March  4,  1890;  M.  H.  Pierce. — A  cross- tie  of  J.  section,  with  a 
saddle-chair  under  each  rail. 

No.  423447;  date,  March  18,  1890;  Percy  W.  Ross.— A  cross-tic  of  channel  section 
L__J,  with  corrugated  bottom.  At  both  ends  an  angle-iron  is  secured  on  the  outer 
side  of  each  side.     Each  rail  rests  on  a  block  of  wood. 

No.  423586;  date,  March  18,  1890 ;  John  M.  Bailey.— A  cross-tie  made  of  a  plate, 
bent  to  approximately  a  double  tubular  section  00,  of  different  forms.  The  rails  are 
secured  by  bolted  clamps. 

No.  423852;  date,  March  18,  1890;  Lewis  Barnes. — A  cross-tie  of  Hat  channel  or 
curved  section,  with  the  ends  bent  to  form  a  brace  for  a  wooden  stringer.  An  angle- 
iron  is  riveted  to  the  tie  at  the  inner  side  of  each  stringer. 

Total  number  of  patents  from  July,  1839,  to  March,  1890  :  491. 

Patents  for  cross-ties  or  track  of  concrete,  clay,  cotn positions,  etc.:  Nos.  127553, 
130010,  186710,  251625,  279280,  302664,  305156,  380274,  386064,  394426. 

Patent  for  glass  ties :  No.  211697. 


TIMBERS  USED  FOR  TIES  IN  SOME  FOREIGN  COUNTRIES. 


The  following  notes  are  extracted  from  the  correspondence  of  Mr. 
Tratman  on  the  species  of  wood  used  in  some  foreign  countries.  Some 
further  particulars  will  also  be  found  in  the  special  returns  of  the  vari- 
ous railways  in  the  foregoing  report : 

Turkey. — Smyrna  and  Cassaba  Railway.     Oak  and  Piue. 

Egypt. — Early  in  1889  the  Government  was  negotiating  for  500,000  ties  from 
Australia ;  probably  of  jarrah  wood. 

India. — The  principal  woods  used  are  the  native  sal  and  deodar  and  imported  creosoted 
pine.  It  is  stated  that  there  is  always  a  market  for  good  wooden  ties,  the  cost  of  which 
is  not  much  affected  by  the  extensive  introduction  of  metal.  They  appear  to  be  used 
at  frogs,  switches,  sharp  curves,  bridges,  etc.,  and  one  writer  estimates  that  G  per 
cent,  of  the  mileage  would  still  be  laid  with  wooden  ties,  even  if  all  the  railways 
should  introduce  metal  ties  aa  rapidly  as  possible  and  discard  wooden  ties  except 
where  their  use  is  "imperative"  (?).  Deodar  is  a  soft  wood,  with  which  accurate 
gauge  can  not  well  be  maintained,  and  with  which  the  risk  from  lire  in  dry  seasons 
is  50  per  cent,  more  than  with  siil  ties.  Curves  of  1,000  to  1,500  feet  radius,  laid  with 
deodar  ties,  require  to  be  respiked  about  every  three  months,  and  under  very  heavy 
traffic  the  gauge  has  been  one-half  inch  wide  in  three  months  with  new  ties.  Under 
similar  traffic  the  gauge  is  only  one-eighth  to  one-fourth  inch  wide  in  two  years 
wheire  siil  is  used,  and  remains  correct  under  ordinary  traffic.  Siil  wood  weighs 
about  53  to  70  pounds  per  cubic  foot.  The  best  ties  are  of  good  sound  Nepal  siil 
well  matured,  and  not  cut  out  of  small  trees  with  a  great  proportion  of  sap-wood.  The 
writer  mentioned  above  states  that  he  has  tried  deodar,  teak,  asua,  iron-wood,  jarrap, 
and  red  gum  from  Australia,  English  oak,  creosoted  fir,  yellow  piue, etc.,  and  has  not 
found  any,  except  the  oak,  to  approach  the  durability  of  sill,  the  life  of  which  is  esti- 
mated at  eighteen  years.  The  creosoted  "fir  ties  are  liable  to  dry-rot.  The  Kohilkuud 
and  Kumaou  Railway  has  tried  jungle- wood,  but  with  very  unsatisfactory  results.  Tlie 
wood  answers  well  for  buildings,  but  rapidly  rots  in  the  track.  At  the  beginning  of 
1887  there  were  70,000  in  use,  and  in  eighteen  months  38,000  had  been  replaced  with 
siil,  while  the  rest  were  being  gradually  replaced.  The  jungle- wood  was  to  be  had 
for  the  cutting  when  the  road  was  built,  but  though  cheap  it  was  not  economical. 

Ceylon. — Owing  to  the  weight  of  the  native  woods  and  the  difficulty  of  hauling  to 
the  railway,  etc.,  it  has  been  found  to  be  cheaper  to  import  ties  from  Europe.  There 
seems  to  be  a  movement  now,  however,  in  favor  of  utilizing  the  native  supplies  or 
for  the  forest  department  to  turn  its  attention  to  the  propagation  of  suitable  trees. 
At  the  beginning  of  1889  there  were  182^  miles  of  railway,  5  feet  6  inches  gauge, 
laid  with  72-pound  flange  rails.  The  ties  are  of  creosoted  Norway  pine,  buried  in  the 
ballast,  to  protect  them  from  the  direct  heat  of  the  sun.  They  are  9  feet  9  inches 
long,  10  inches  by  5  inches  section,  spaced  about  3  feet  apart. 

Neio  Zealand. — According  to  the  official  report  of  Mr.  J.  P.  Maxwell,  M.  Inst.  C.  E., 
general  manager  of  the  government  railways,  there  were  1,758  miles  of  railway,  13 
348 
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fcot  6  inches  gauge,  in  operation  in  March,  1888.  The  rails  are  of  iron,  40  and  52 
l)()inul8  per  yard,  and  steel,  weighing  52  and  53  pounds  per  yard.  Several  native  tim- 
luTs  are  used.  The  contract  prices  for  wooden  ties  are  72  cents,  or  by  other  contracts 
56  to  60  cents,  hewn  or  sawn,  for  birch  and  black  pine ;  36  to  46  cents  fur  Kamai,  46 
to  52  cents  for  totara,  59  cents  for  silver  pine.  There  are  about  2,100  ties  per  luile 
or  3,518,238  in  all.  The  renewals  during  the  year  ending  March  31, 1888,  were  122,027 
ties. 

Tasmania. — The  track  consists  of  43-pound  steel  flange  rails  on  ties  of  stringy  bark, 
iron  bark,  blue  gum,  or  peppermint.  The  ties  are  6  feet  6  inches  long,  9  inches  wide, 
4^  inches  thick ;  laid  2,450  to  the  mile,  24  inches  apart  at  joints.  They  are  in  6  feet 
of  bottom  ballast,  with  4^  inches  of  boxing  and  top  ballast. 

Argentine  Republic. — East  Argentine  Railway,  handerbay ;  Western  of  Buenos  Ayres 
Railway,  quehacho  and  nrnnday. 

Uruguay. — Uruguay  Northwestern  Railway,  creosoted  pine. 

Brazil. — Herobo  and  native  hard  woods. 

Chili. — Antofagasta  Railway,  Chili  oak;  Copiapo  Railway,  Chili  oak;  Coquimbo 
Railway,  cypress ;  Taltal  Railway,  white  oak. 

Peru. — Pisco  and  Yea  Railway,  California  redwood. 

Venezuela. — La  Guaira  and  Caracas  Railway,  lignum-vitse 

United  States  of  Coioni&ia. —Lignura-vitae. 

Mexico. — Merida  and  Progreso  Railway,  iron- wood. 

Cuba. — Jequi  and  native  hard  wood. 

Hawaii. — California  redwood. 
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(All  references  in  regard  to  Metal  Track  and  Wooden  Ties  are  found  ander  these  two  captions.    For 
references  to  Countries  see  Railways,  under  Metal  Track.) 

The  letter  (d)  denotes  that  description  is  found  on  the  page  which  it  follows. 


Abt  system  of  rack  railways,  149,  175  (d.),  269,  149,  319. 

Annual  charges,  how  computed,  37  ;  table  of,  40. 

Ballast  influencing  durability  of  ties,  23,  24. 

Cars  made  of  metal,  15. 

Circular  of  inquiry  regarding  metal  track,  57. 

Color  indicatins:  durability  of  woods,  17. 

Consumption  of  timber  for  railroads,  7,13,16;  Summary,  43;  tables,  43  Jf.;  forre' 
newal,  41,  42 ;  kinds  and  amounts  for  ties,  14. 

Cost  of  various  tie  systems,  how  to  calculate,  10, 35, 37. 

Culling,  efifects  on  forest  growth,  7. 

Durability  of  timber,  coloi  a  criterion,  17  ;  how  influenced,  23 ;  time  of  felling  influ- 
encing, 19 ;  list  of  durable  timbers,  19 ;  table  of  duration  of  tie  tim- 
bers, 25. 

Economies  in  use  of  wood  suggested,  17. 

Finaucial  calculations,  10,  35,  37. 

Forest  administration  needed,  14, 15. 

Fuel,  use  of  wood  not  objectionable,  16. 

Glass  ties,  319. 

International  Railway  Congress  opinions  on  metal  track,  67,  101,  297. 

Life  of  timber.     (5ee  Durability.) 

Light  and  portable  railways.     ((See  Tramways,  under  Metal  Track.) 

Metal  vs.  wood.     {See  under  Metal  Track.) 

METAL  TRACK.     (293,  General  Review),  (322,  brief  synopsis). 

Advantages,  (see  also  Objections,  and  Comparison  with  wooden  ties),  131, 134, 164, 

(207  for  prairie  country),  213,  215,  274,  275,  278,  293. 
Ballast,  24  (66,  eflect  on  ties),  70,80,85, 113, 116,(126,  influencing  cost),  127,130, 
136, 141, 145, 159, 166,  (174,  better  class  needed),  (179,  volume  needed), 
(18.5,  eft'ects  on  maintenance),  195,  (204,  none),  (212,  for  bowls),  (214, 
behavior),  227,  (240,  258,  grass  cover),  (245,  247,  influence  of),  (248, 
cinders  advantageous),  (2.57, 260,  surface  soil),  (263,  saving),  274,  (65, 
68, 1.59, 184, 280, 2a5,  effects  of  frost  on). 
Ballasting,  64, 82, 83, 85,  (88,  expensive),  99, 104, 142, 150,  (159,  longitudinals),  164, 
(170,  instructions  for),  (196,  bowls).  200,  (212,  difficult  with  bowls), 
(213,  saving  labor),  221,233,234,236,238,247,260,(261,  surface  soil), 
282, 283,  (315,  summary). 
Bowls.     (See  Types  of  ties.) 

Breakages,  («ee  also  Wear  and  Rust),  61, 66, 69,71, 74, 83, 84, 88, 98, 100, 110, 113, 11.5, 
127,  139,  146,  148.  178,  184,190,194,202,203,213,219,228,237.239,242, 
245, 248, 251, 260,  (272 !),  274, 278, 282, 283, 296. 
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Chairs,  (sec  also  Tie-Plates),  59,60,64,66,70,72,74,75,76,79,  (80,  not  needed),  Si, 

84, 89, 117, 250. 263,  (295,  iinuecessary). 
Coatings,  (66,  tar  and  oil),  84,  (105,  tar),  201,(204,  tar),  206,  (225,  varnish),  2:12, 
(236,  Smith's),  247,263,264,273,  (284,  Smith's),  (232,  oil  and  tar),  256, 
(308,  summary). 
Comparison  of  wood  and  metal  ties.     (-See  Metal  v.  Wood.) 
Composite  ties,  (wood  and  metal).     {See  Wooden  Blocks.) 

Contact,  metal  avoided.    (See  also  Wooden  Blocks),  (64,  paper  or  tarred  canvas), 
(66,  felt),  (87,  107,  not  objectionable),  (124,  gravel),  (234,  creosoted 
felt). 
Cost  of  ties  and  track,  (*9pe  also  Maintenance), 72,  73,  80,  81,  83,  84,  89,(95,  price 
and  section),  96,  100.  Ill,  112,  115,118,119,126,130,137,142,147,159, 
162,  204,  205,  (207,  specified),  213,  238,  256,  258,  268,  273,  275,  295,  298, 
(313,  summary). 
—Compared  with  woodeu  ties,  62  (63,  tabular),  67,79, 106, 114, 122, 156, 171, 185, 
(216,  specified),  (218,  bowls  V8.  wood),  238, 324. 
Countries  using  metal  track.    (See  Railways.) 
Cross-ties.    ((See  Types.) 
Creeping,  242. 
Curves,  Methods  on,  ( See  also  Gauge),  80, 98, 146, 147, 150, 195, 239, 248,  (269,  wooden 

ties  preferred). 
Drainage,  124, 142, 144, 240, 259. 
Durability.    (See  Life,  Wear,  Rust.) 
Economy,  121, 217, 268, 278, 294, 314,  324. 

Fastenings,  (61, 88, 191,  wear),  (95,  with  Post- ties  d),  (98,  comparative  tests;,  (159, 
with  longitudinals),  (164,  importance  of),  (259,  with  bowls  d),  (295, 
best),  (308, 309, 310,  summary). 
Bolts  and  clamps,  82  (d),  84,  95,  111,  123,  140,  279,  283,  284,(285,  advantages 
of). 
Heiudl  system,  99,  295. 

Roth  &  Schuler  (Baden)  system,  95  (d),  99, 101,  133,  138,  142,  168,  173. 
Ruppel  system,  99,  106,  110,  111,  123,  128,  129,  131,  136,  146  (d),  155,  167, 
172,  177,  182,  183,  192,  295. 
Bolts  and  nuts,  68, 84,  (101,  with  gauge  washers),  (95, 201,259,  Ibbotson's  bolt), 

(97,98,99,  nut-locks),  133,  140,  (111,241,  hook-headed  bolt). 
Clips,  235,  (243,  of  different  metal). 
Gib  aud  Cotter,  72,  82,  (84,  superior  to  clamps),  104, 125, 162,  190, 191, 250,  (310, 

summary). 
Keys,  wooden,    61,  64,  72,  73,  88,  118;  with  clips,    62,  71,  72,  236,  243;  with 
lugs,  76, 87, 115, 117,  119,  225, 253 ;  (74,  with  half-hoop),  (75,  Bankart), 
(92,  with  clamps),  (118,  Coblyn  with  cap),  (242,  particulars  m  plac- 
ing), (310,  summary). 
Rivets,  92,  118,  310. 
Screws,  92. 
Plates,  88,  117. 
Form  and  dimensions,  164,  298,  (303,  general  discussion). 
Frogs  and  switches,  153, 167,  168, 174,  202,  297,  317. 
Frost,  effects  of,  65,  68,  159,  184,  280,  285. 

Gauge,  adjustment,  72,  76,  112,  125,  130,  131,  133,  140,  141,  147,  169,  170,  173, 192, 
197,213,  (228,  maintenance,  comparative  tests),  232,  234, 251,  252,  253, 
255,  258,  (272,  importance),  278,  285,  297,  (312,  summary.) 
Gnarantee  by  manufacturers,  107,  126,  307. 

Joints,  59,  60,  (75,  special  ties),  84,  87,  100,  104,  106,  123,  128,  129,  (248,  special 
ties),  (249,  Desbruslais  support),  (256,  Fisher  fasteujug,  d),  278,  279, 
280,  285,  296. 
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Lateral  motion,  {see  also  Open  Ends),  65,  104,  117,  267. 

Life,  (see  also  Wear  and  Rust),  68,  86,  102,  120,  127,  131,  145,  159, 178, 190,217, 226, 

268,  282,  296,  297. 
Light  railways.     (Sfe  Tramways,  etc.)  ' 

Longitudinals,  (see  Type.s),  (148,  compared  with  cross-ties). 

Maintenance,  (83,  precautious  iu),  (85,  extra  labor),  (97,  labor  involved),  (103,  re- 
duced need),  ( 141,  by  contract),  (166, 185, 191, 227, 240,  effects  of  ballast 
on),  (213,  reduced  labor),  (269,  expensive),  (270,  troublesome),  (^278, 
no  trouble). 
—Cost  of,  62,  81,  82,  (96,  97,  tables),  (103,  104,  comparative  labor  days),  114,116, 
119,  126,  (130,  days  of  labor),  141,  (147,  specified),  167,  182,  185,  204, 
(229,  specified),  (23ij,  labor  needed),  (247,  labor),  (252,  specified),  269, 
270,  (273,  reduced),  274,  282,  296,  (316,  summary). 
Manafactare,  (See  also  under  Types),  (61,  in  England),  (62,  stamping  ties),  (66, 
73,.  74,  89,  113,  205,  225,  method  of  ),  (218,  in  India),  231,  295,  (307, 
summary). 
Manufacturers : 
Australia.    Springall  &  Frost,  204— Toowoomba  Foundry  Co.,  203,204,  205. 
Austria.    Teplitz  Rolling  Mill  and  Bessemer  Works,  158. 
Belgium.    Auglenr  Steel  Works,  100,  112,  114,  115— Cockerill  Works,  111— Cou- 

illet  Works,  111 — Louvifere,  HI — Caramin  &  Co.,  113. 
England.     Bagnall,  75 — Bolckow  &  Vaughan,  62,  232,  256— Chair  and  Sleeper 
Co.,  71,  76 — Cockerill  Works,  66,  112— Darlington  Steel  and  Iron  Co., 
70,  266-Ebbw  Vale  Iron  and  Steel  Co.,  263— Fowler  &  Co.,  189— 
Hea,  Wrightson  &  Co.,  267— Howard  &  Co.,  73,  268— Ibbotson  Bros. 
74, 201— Kerr  &  Stuart,  72,  270— MacLellan  (Clutha)  Iron  Works,  76— 
&  Co.,  Moss  Bay  Hematite  Co.,  194 — Patent  Nut  and  Bolt  Co.,  76 — 
Railway  Sleeper  and  Tie  Co.,  75— Schultz,  Tozer  &  Co.,  263— Trede- 
gar Iron  and  Coal  Co.,  70,  75. 
France.    Chappee,  89— Fraisant  Works,  86,  190,  196— LeGrange  Works,  263— 
Soci6t6  anomyme  des  Hauts  Foumeaus,  SO — Soci6t<5  de  Denain  et 
d'Anzin,  81,  82,  191. 
Germany.    Aachen  Mills,  130 — Bochum  Works,  178 — Burbach  Forge  Co.,  147 — 
DeWendel  Works,  145— Gutehoffnung  (Good  Hope)  Works,  128,  130, 
173— Hoerde  Steel  Works,  100,  134,  145,  173— Hoesch  Iron  and  Steel 
Works,  134, 145 — Koenigin  Marie  Works,  134 — Kraemer  Bros.  Works, 
139 — Laurabutte  Works,  137 — Luxemburg  Metal  Works,  147 — Max- 
imilian Works,  139 — Phoenix  Company  of  Laar,  130 — Rhenish  Steel 
Works  of  Ruhrort,  130 — Saarbruck  Iron  Worke,  147 — Union  Iron  and 
Steel  Co.  of  Dortmund,  130,  182. 
India.    Burrakur  Iron  Works,  230— Jamalpur  Works,  212,  230. 
Italy.    Tardy  &  Benech,  192. 
Scotland.    Anderson  Foundry  Co.,  258,  264— MacLellan,  P.  &  W.  (Clutha  Iron 

Works),  239. 
United  States.    Cambria  Iron  Co.,  287 — Homestead  Steel  Works,  285 — Interna- 
tional Railway  Tie  Co.,  287 — Pennsylvania  Steel  Co.,  285 — Schofield 
Metal  Cross-tie  Co.,  289-:— Standard  Metal  Tie  and  Construction  Co. 
(New  York),  279,  280,  285. 
Material,  66,  104,  113,  117,  (219,  239,  296,  iron  vs.  steel),  284,  295,  .300. 
Metal  vs.  wood,  122,  123,  127,  130,  133,  134, 141,  214,  242,  260,269,  277,  297,  298,  348. 
Mileage,  9,  56,  (120,  in  Germany),  (121,  Prussian  State  R.  R.,  tables,  298),  (290, 

summary). 
Noise,  107,  114,  116,  118,  124,  158,  172,  177,  273,  279,  311. 
Objects  of  metal  tie  defined,  117,  156,  295. 
22^93— P.nll.  4 23 
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Objections  to,  271,  (60,  in  England),  266,  271. 
Old  rails,  79,  110, 153,  160,  284, 317. 

Open  ends,  62  (65,  objections),  74,  106,  132, 190,  203,  287,  295,  (312,  summary). 
Patents,  list  of,  in  United  States,  326.     (See  aho  List  of  Patentees  on  page  361.) 
Plate  ties.     {See  Types.) 
Preservative  treatment.     (See  Coatings.) 
Prices.     (See  Cost  of  Ties.) 

Rack  railways,  149,  151,  174,  175,  269,  319,  320,  321. 

Rails,  (258,  297,  wear),  (259,  sufiScient  section),  (274,  various  weights),  (60,  264, 
Barlow  bridge  rail),  (60,  68,  Brunei),  (60,  81,  85,  double-headed,  adap- 
tation), (60,  61,  72,  85,  91,  100,  flange),  (123,  Haarman  compound),  (72, 
81,  girder),  old,  for  ties  (79,  110,  153,  160,  317). 
Railways  and  countries  mentioned : 

AFRICA,  187.     Summary  of  metal  track,  198. 
Abyssinia,  Massaua  and  Sahati  Railway,  192. 
Algeria,  190. 
Algerian  Railways  (Paris,  Lyons  and  Mediterranean  Railway),  190 — 
Bdne  and  Guelma  Railway,  192. 
Cape  Colony,  Cape  Government  Railways,  194. 
Congo  Free  State,  Congo  Railway,  196, 
Egypt,  187 ;  348,  timbers  used. 

Egyptian  Agricultural  Railways,  189. 
Egyptian  Railways,  187. 
Suakin  Railway,  189. 
Island  of  Reunion,  197. 
Natal,  Natal  Government  Railways,  196. 
Senegal,  197. 

South  Africa  (Portuguese  territory),  Delagoa  Bay  and  East  African  Rail- 
way, 193. 
South  African  liepublic  (Transvaal),  196. 
ASIA,  210.    Summary  of  metal  track,  256. 
Ceylon,  255. 348. 
China,  255. 
Farther  India,  254. 

India,  Railway  mileage,  210 — General  Remarks,  212,  (221,  contracts  for 
metal  ties),  metal  ties,  number  and  kinds  laid,  227,  summary  of  metal 
track,  254. 
Railways:    Amraoti,   247 — Beugal-Nagpur,   231 — Bhavnagar,  Goudal 
Junagarh  and  Porbandar,  247 — Bhopal-Itarsi,  235 — Bombay,  Baroda 
and  Central  India,  244 — Burmah,  241 — Calcutta  Port,  248  -Cherra- 
Companyganj,  241 — Delhi,  Umbalia  and  Kalka,  246 — Dhond-Manmad, 
235 — Eastern  Bengal,  240 — East  Indian,  227 — Great  Indian  Peninsula, 
243— H.  H.  the  Gaekwar's,  247— H.  H.  the  Ni/am's,  246— Indian  Mid- 
land, 221,  233 — Indian  State,  221 — Jammu  and  Kashmir,  240 — Jodh- 
pore,  247 — Jorhat,  241 — Khamgaon,  247 — Madras,  241 — Morvi,  247 — 
Miscellaneous  Lines,  249 — Northwestern,  235 — Oudh  and  Rohilkuud, 
239— Patna-Gya,    231— Rajpnfcana-Malwa,    231— Siud-Pishim,    238— 
Siud,  Punjab  and  Delhi,  238— Southern  Mahratta,  233— South  Indian, 
242— Tarakeswar,  245— Thatou  Duyinzaik,  246— Tirhoot,  241— Vill- 
upuram  Dharmavaram,  234. 
AUSTRALASIA  (Australia),  199— Summary  of  metal  track,  209. 
New  South  Wales,  208. 
New  Zealand,  208,  348. 

Queensland,  203  :  Railway.s :  Fassifern,  205— Croydon  and  Normanton,  206— 
Queensland  Government,  203. 
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Kail  ways  and  countries  mentioned — Continued. 
AUSTRALASIA  (Australia)— Continued. 
South  Auairalia,  199. 
Tasmania,  209,  349. 

Victoria,  208:  Victoria  Goveriuuent  Railway,  208. 
EUROPE,  59 :  Summary  of  metal  track,  186. 
Austria  and  Hungary,  154:  Summary  of  metal  track,  164 
Railways :  Aussia:  and  Teplitz,  158 — Austrian  State,  155 — Galician  (Carl 
Louis),  158— Heitzing  and  Pertclitoldsdorf  Steam  Tram-way,   162 — 
Hungarian  State,  162 — Northern  State,  157 — Northwestern,  158. 
Belgium,  109  :  Summary  of  metal  track,  119. 
Railways:  Belgian  State,   110 — Great  Central,  113 — Li^ge  and  Luxem- 
bourg, 115— Liege  and  Seraing,  115 — Local,  115— Northern,  114. 
Denmark,  182:  Danish  State  Railways,  182. 

England,  Scotland,  and  Ireland :  England,  59 — England,  Summary  of  metal 
track  77 — Scotland  and  Ireland,  77. 
Railways:  Bristol  and  Exeter,  60,  68 — Furness,  70 — Great  Eastern, 70 — 
Great  North  of  Scotland,  77— Great  Northern,  67— Great  Western,  68— 
Highland,  77  (Scotland)— London,  Chatham  and  Dover,  69— London 
and  Northwestern,  64 — London  and  Southwestern, 69 — Mersey,  70— 
Metropolitan  District,  70 — Metropolitan,  70 — Midland  Great  Western, 
77 — Midland,  66 — Northeasteru,  61, 74— North8taflfordshire,71 — South- 
eastern, 59. 
France,  78  :  Summary  of  metal  track,  93. 
Railways:  Eastern,  87 — Northern,  91 — Paris  and  Orleans,  91 — Paris,  Lyons 
and  Mediterranean, 78, 86, 190— Southern,  91— State,  79— Western,  89. 
Germany,  119:  Summary  of  metal  track,  154 — First  trials  in  Germany,  124 — 
Mileage  of  railways  on  various  kinds  of  ties,  120 — Ties,  of  wood  and 
iron  in  Germany,  number,  122. 
Railways:  Alsace  Lorraine  State,  143 — Baden  State,  140— Bavarian  State, 
1.37 — Berlin  City,   123— Halberstadt  and  Biankenberg,  149 — Hesse- 
Louis  146 — Hollenthal,  151 — Lower  Palatine  (Pfalz),  148 — Lubeck  and 
Bucheu,  149, — Main-Neckar,  145 — Mulhausen,  Ensisheim  and  Wit- 
tenheim,  150 — Prussian  State,   121  :    [Altona  Division,  135 — Berlin 
Division,  123 — Bromberg  Division,  137 — Cologne  Division,  right  bank 
Rhine,  128 — Cologne  Division,  left  bank  Rhine,  129— Elberfeldt  Di- 
vision, 124— Erfurt  Division,  133— Frankfort-on-Main  Division, 131 — 
Hanover  Division,   136 — Magdeburg   Division,  136] — Wurtemburg 
State,  142. 
Holland,  93 :  Summary  of  metal  track,  108— Mileage  of  railway  track,  93. 
Railways:    Dutch    Central,    106— Dutch-Rhenish,   106— Holland,   104— 
Netherlands  State,  93. 
Haly,  180. 

Portugal,  179 :  Royal  Railways,  179. 
Buma,  184  :  Moscow-Kursk  Railway,  184. 

Spain,  176:  Summary  of  metal  track,  179— Almansa,  Valencia  and  Tarra- 
gona Railway,  178 — Bilbao  and  Las  Arenas  Railway,  177. 
Sweden  and  Norway,  181 :  Swedish  State  Railways,  181. 
StoitZ€i-land,16b:  Summary  of  metal  track,  176. 
Railways :  Burgenstock,  175 — Gotthard,  165— Jura,  Berne  and  Lnzerne, 
172— Mt.    Pilatns,    174 — Northeastern,    167— Swiss    Central,    174 — 
United  Swiss,  173 — Western  and  Simplon,  168. 
jTwrAey,  184:  (348,  timbers  used). 
Eastern  Railway,  184. 
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Kailways  and  countries  mentioned — Continued. 
NORTH  AMERICA,  276: 
Canada,  289. 
United  Slates,  276. 

Railways :  Chicago,  Santa  Fe  and  California,  281 — Chicago  and  Western 
Indiana,  279— Delaware  and  Hudson,  280 — Delaware,  Lackawanna 
and  Western,  284 — Denver  and  Rio  Grande,  283 — Long  Island,  282 — 
Maine  Central,  283 — Pennsylvauia,  280 — Philadelphia  and  Baltimore 
Central,  283— New  York  Central  and  Hudson  River,  277. 
SOUTH  AMERICA,  CENTRAL  AMERICA,  AND  MEXICO,  257 :  Summary  of 
metal  track,  275. 
Argentine  Eejmblic,  257;  summary,  265;  timbers  used,  349. 

Railways:  Andine,  264 — Buenos  Ayres  Great  Southern,  257 — Buenos 
Ayres  and  Enseda  Port,  263 — Buenos  Ayres  and  Pacific,  262 — Buenos 
Ayres  and  Rosario,  264^ — Buenos  Ayres  Northern,  264— Central  Argen- 
tine, 260— East  Argentine,  262 — Northern  Central,  265 — Santa  F6  and 
Cordova  Great  Southern,  263— Santa  Y6  and  Northern  Colonies,  265 — 
Western  of  Buenos  Ayres,  264. 
Brazil,  266,  349:  Summary  of  metal  track,  269. 

Railways:  Conde  d'Eu,  267 — Dom  Pedro  Segundo  (now  known  as  Cen- 
tral Railway  of  Brazil),  268 — Donna  Theresa  Christina,  74,267 — Great 
Western  of  Brazil,  266 — Miuas  and  Rio,  268 — Recife  and  Sao  Fran- 
cisco Pernambuco,  268 — San  Paulo,    268 — Southern   Brazilian    Rio 
Grande  Do  Sul,  266. 
Chili,  265,  349 :  Coquimbo  Railway,  265. 
Costa  Rica,  272. 
Cuba,  349. 

Guatemala,  271 :  Guatemala  Central  Railway,  271. 
Hawaii,  349. 

Mexico,  272,  349— Mexican  Railway,  272 — Mexican  Central,  Railway,  275. 
Peru,  349. 
San  Salvador,  272. 
Sumatra,  255. 

United  States  of  Colombia,  270,  349:  Panama  Railroad,  270. 
Uruguay,  349. 
Venezuela,  269;  (349,  timbers  used.) 

Railways:  Puerto  Cabello  and  Valencia,  269 — Bolivar,  269 — La  Guayra 
and  Caracas,  270. 
Reports  favorable,  61,  79,  83,  84,  85,  86,91,  100, 106, 107,  112,  113,  114,  115, 120, 121, 
131,  134,  146, 148,  156,  160,  171, 178,  190,  191,  193, 194,  202,  205,  227,  232, 
245,  248, 259,  260,  263, 267,  268,  270,  272, 273,  274,  275,  280. 
Reports  unfavorable,  86,  87, 109, 110, 135, 183,  245, 280, 281, 282,  284. 
Renewals,  (83,  194,  315,  method),  (214,  220,  244,  difficulties),  (229,  table),  (251, 

comparative  cost). 
Requirements,  (see  Objects),  295  (summarized). 
Review  of  metal  track  question,  293. 
Rolling  stock,  eflTects  on,  67,  83,  84,  85,  88,  106, 116,  (127,  unfavorable),  158, 172, 182, 

185,  191, 198,  214, 234, 251,  273,  296,  311. 
Rust,  66,  70,  80,  83,  ( 100,  amount),  101, 112, 116, 127, 190, 203,  213,  220, 232,  237, 240, 

247,  260, 279,  296. 
Safety,  164,  215,  219,  (274,  in  floods),  280,  296, 314,  323. 
Side  tracks.     (See  Tramways.) 
Spacing,  278,  314. 

Stone  substructure,  144,  163,  175,  241. 
Street  Railways.     (Sfe  Tramways. ) 
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Superiority,  9. 

Switches  and  Frogs.     {See  Frogs  and  Switches.) 

Tests,  98,  104,  152,  225,  302. 

Tie-rods,  (217,  needs  of),  249,  253,  311. 

Ties,  number  per  mile,  274. 

Tie-plates,  (see  also  Chairs),  60,  87, 92, 101,  106,  111,  113, 118, 129.  (140  advantages), 
172,  190,  318. 

Track-laying,  62, 64, 67, 119,  (170,  instruction  for),  (207,  cost  and  method),  232, 238, 
(239,  method),  (262,  more  rapid  than  with  wood),  (314,  summary). 

Travel,  ease  of.     (See  Rolling  Stock.) 

Tramways,  light  railways,  street  railways,  side  tracks,  (J8,  (74,  ties  for),  75,  76,  92, 
150, 162,  189,  200, 24 1 ,  319,  320,  .321. 

Types  of  ties.  (78,  296,  simplicity  desirable)  ;  (298,  the  most  desirable  not 
determined) :  (303,  304,  form  aod  dimensions  discussed.) 
o.  Bowls:  60,  (77,  boxes),  187, 196,  (212,  obsolete),  (214, 227, 235,  objections),  (217, 
objections  and  advantages),  (222,  favored),  234,  237,  (238,  favorable), 
(240,  weight),  242,  243,  244,  (245,  breaks),  246,  247,  257,  258,  260,263, 
264,  (267,  cross-ties  compared),  268,  279,  282, 286, 288,  (300,  summary). 

De  Bcrgue,  [plates  17  and  20]  ;  178,  223  (d),  227,  240 Greaves,  [plate 

20];  59,  222(rf);   227,240,241,242,268 Howard,  74  (d) Indian 

State  Railways,  [plates  23,  24] ;  217,  234,  237, 242  (d),  246 Livesey 

[plates  20,  26],  71  (d),  194, 197  (d),  223  (d),  258, 260  (d),  262, 264, 270 

MacLellan  &  Smith,  [plate  25 J.  76,  239  (d),  248 Molesworth.  224 

(d),  231 — :— Price,  (boxes  with  sawdust  asphalt),  77  (d) Taylor, 

[plate  30],  281  (d),  287 Toucey  [plate  29],  279,  286  (d.) 

b.  Plates:  187  (preferred  to  bowls  and  wood),  212, 214, 230, 237, 238,(252,  develop- 
ment). 

Bell,  253 Denham  (212,  faults),  254  (d) Denham-Olpherts  [plates  21, 

2?\  (213,  advantages),  219,  222,  (224,  Molesworth  and  Schwartz  mod- 
ification), 227, 228  (230,  detailed  report),  231, 232, 233, 234, 235, 237  (d), 

238,240,241,245,246,  250,  (d),  (252,  detailed  report),  254 Denham- 

Olpherts-Molesworth,  [plate  21],  224  (d),  251 Egyptian  Railway 

[plate  17],  189  (d) Greaves  &  Barlow,  110 Leslie,  230  (d) 

Marchal,  110 Moore, 252  (<Z) Poncelet,  110. 

0.  Cross-ties:  (299,  standard  type.). 

Atzinger,  155 Bagnall  [plate  4],  75  (d) Bankart  [plate 4],  75  (d) 

Barlow,  59 Belgian,  68 Bernard  (double)  [plate  10],  111  (d), 

116,  117  (d) Berg-and-Mark  [plate  12],  79,  125  (d),  129,  130,  131 

(d),  132,  135  (d),  136,  137,  141  (d),  143  (d),  147,  149,  161  (d),  162,  167^ 

168, 169,  174,  181  (d),  185,  256,  295 Bieri,  172 Boyenval  and  Pon- 

sard  [plate  6],  84  (d),  192 Braet,  111  (d) Brunon,  92  (d) Ca- 

bry  and  Kinch  [plate  1],  61  (d) Caramiu  &  Go's.,  [plate  11]  113 

(d) Chair  and  Sleeper  Go's.,  76  (d) Ghappee  [plate  7]  69  (d), 

90 Goblyn  [plate  10],  115,  116,  118 Cockerill  [plate  3],  66  (d), 

112  (d) Cosijns  [plate  8],  94  (d),  100, 101 Cowdery,  208 Dan- 
ish State  Railway,  183 Darlington,  70 De   Bergue,  178  (d), 

240 Decauville,  92  (d) Desoignies,  110 Durand,  287  (d) 

Flower-Heller,  288  (d)-^— Fowler,  189,  241 Gobert,  110— Gotthard 

Railway  [plate  5],165,  167  (d),  172,  173 Goupillon,  92  (d) Guil. 

launie  [plate  7  J,  87 Gnte  Hoffnung  (good  hope)  Works,  153  (d) 

Haarmann  [plate  12],  106,  128,  130, 131  (d),  132, 134, 135(d),  136, 137» 

143  (d) Hartford  [plate  27],  277  (d),  284  (d) Helson,  110 

Heindl  [plate  14],  137,  138  (d),  139  (d),  154,  157,  163  (d) Hicks 

[plate  30],  284,  287 Hilf  [plate  17],  134  (d) Hoerde,  131,  136, 
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Ml)  {</!.  i:.l  (</),  l.V,» Hdi'scli-T-icIitliaiiimor,  Of)  (d),  134,  137.  145, 

i;i-J IlofliiH'i.r,  -js- Holland,  'JHH Howard  Ll»late4],  67,68, 

71,:;!  >'/), -Jin  ((/) Iii(li;ni  State   K'ailway  ^plates  17, 22, 23, "24, 25], 

l'.i;{,  -Jl-,',  2i(i  ('/),  -'-r.  i'l).  -JJi;,  227,  2;il  (U),  233  (ol.jectioD8),234,  235, 

((/),  213,   2lti   (siip.Tiority),  247,  2.')."),   203,  20t;,  2()-<,  272, Interiia- 

tioual   [plat."  30).   2-2.   2-«3,  2-'(;  ((0 Kerr  and  btiiart  [plate  4],  72 

((?),   217,  2T0 ha(;nssii'rc,   02  (^0 Lan<,^ley,    ('7 Lazar,   132, 

ItiC)  ((/) Lcdranirc,  2i):5  Livcscy,  71  (d),  203 Lubeck  and  Buchen 

Kailway,  Ml)  (d) MacL.dlan  and  Smith  [plate  IH],  70,  179,  201,  229. 

223  (d) Maloiioy,  2HS  (d) Midland  Kailway  Tie,  06 Moore's 

Cro,ss-tie,2r)3(r/) Mo,ss-Bay  Co's.,r)7,  194  (d),  317 Neafie,284 

Nuts  and  HoItCo's.,70 Old  rail,  79,  110,  153,284 Ozanne,  79 

Paiilet   and   Lavalette    [plate   5],  W)    (d),    91    (d) Pennsylvania 

Kailway  [plate  29],  281,  280  (d) Phillip.s  [plate  19],  203,  205  (d), 

200  (d) riuenix  Iron  Works,  288  (d) Post  [plates  8  and  9],  79, 

88,  93,  /.,  (98,  standard),  (101,  latest  form,  d),  (102,  comparative 
experiments),  107  (d),  (108,  nnmber  in  nse),  115, 131, 130,  196,255,257, 

295,  29() Price,  288  (d) Qnetch,   70   (d) Kendel   {see  Indian 

State    Kailways) Renson,    94 Riienish,    130,    130, Sampan 

[plate  4J,  75,  302, Scboliel.l   [plate  30],  2.89  (d) Schulke  (old 

rails),  1.53 Severac  [i)late  10],  91, 114,  115  (d),  117  (d),  192,  197 

Standard  [plate  28],  117,  279,  280,  285  (d) Stephenson,  (JO Tozer 

[plate  4],  07,  09  (70  nnsnitable),  72  (d),  213,  250,257 Travis,  283 

(d) Tredej^'ar,   70,  75  (d) Vautherin  [jdates  5,  0,  12,  16,20],  62, 

04,  07.  74,  7.-^,  79,  81  (r/),  82,  f'.?,,  85,  8(i,  88,  104,  105,  100,  109,  110,  111, 
124,   12s,   13(1,   131,   132,   130,   137,  142  (d),  145,  KJO,  107,  177  (d),  184, 

188,   190  (d),  191,   192  (^0,  '^'^■^,  '-i'^'-^  C'O,  '^-i^,  •■^(>'5,  2U5,  296 Webb 

[plate  2],  00,  01,  04  (rf),  67 Western  and  Simplon  Railway  [plate 

15],  109  (d) White,  74  (d) Wood  [plate  4],  61,  74  (d). Z->ron 

[plate  10],  109,  113,  116,  118  (d). 

d.  Longitudinals  (08,  life  of),  (120,  disadvantage),  (137,  long  and  cross  ties  com- 

pared), 144  (146,  cost  of  maintenance  too  high),  147,  (148,  long  and 
cross  ties  compared),  (154,  155,  mileage),  (150,  objects),  (100,  advant- 
ages of),  (212,  breakages),  222,  (299,  300,  advantages  and  objections 
summarized.) 

Barlow,  .59,212 Berg-and-Mark,  101,  191 Brnnton,59 Burkhardt, 

153  (d) Demerbe,  mo llaarmann  [see  i>lato  12]  120, 123  (d,  (124, 

128,  130,  132,  130,  137 Hartwich  combined  rail  and  longitudinal 

[plate  12],  129,  137,   138  (d),  144  (d),  102(d) Hilf  [plate  12],  110, 

120, 123, 130, 131,  132,  133  (d),  134  (d),  130,  137,  144  (d),  140,  147,  166  (d) 
191  -  -Hohenegger  [see  plate  14],  154,  158  (d),  106 Legrand  (Sal- 
kin),  110 MacDonnell,   00,  08    (d) Price,  288   (d) Rhenish 

[plate]  12110,  130,  130,  137,  144  (d).  101  (d) Serres  &  Battig  [plate 

11],  110,  113,  115,  155  (d) Vautherin  [plate  12],  124,  128, 

Wear,  {see  aim  Breakages,  Life,  Rust),  (107,  120,  307,  guarantied),  127,  .145. 

Weight  of  ties  and  track,  (05,  Webb),  (00,  Cockerill),  (()7,  ordinary  track),  (72, 
Tozer),  (73,  Kerr  and  Stuart),  (70,  Quetch  per  mile),  (90,  Chappee, 
metal  and  wood  compared).  (99,  Post  per  yard  specified),  (112,  113,  suf- 
ficient), (114,  Caramin),  (118,  Bernard),  (123,  Haarmann  longitudi- 
nal), (139,  minimum),  (140,  Ileindl  per  rail),  (142,  149,  Berg-and- 
Mark),  (145,  insuflicient),  (104,  importance),  (1.89,  plate-ties),  (222, 
245,  bowls  i)er  mile),  (238,  various  ties),  (250,  251,  Denham-Olpherts), 
(261,  Livesey  bowl),  (29.'>,  limits),  (305,  300,  307,  summary). 
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Wooden  bearing  blocks  (composite  ties),  (63,  Macdonnell  system),  (87,Gnillaame, 
elm  va.  oak,  advantages),  (88,  undesirable),  (94,  Cosijns,  objectioDS), 
(98,  tests),  (114,  Caramm,  discarded),  (124,  212,  objectionable),  (242, 
with  bowls),  (254,  Denham),  (2d0,  285,  Standard),  (283,  Travis),  (286, 
Toucey),  (287.  Hicks),  (288,  Flower-Heller),  (318,  summary). 
Price,  (see  also  Cost,  under  Metal  Track),  relation  to  wood  supplies,  8. 
Preserving  processes.     (See  under  Wooden  Ties.) 

Rack  railways  mentioned,  149  (151,  Marsh),  174,  175,  269,  319,  320,  321. 
Supplies  influencing  price,  8;  of  tie  timber  abundant,  9. 
Tie-plates.    (See  under  Metal  Track  and  Wooden  Ties.) 
WOODEN  TIES  (348  kinds  used  in  foreign  countries): 

Compared  with  metal,  61,  122,  123,  127,  130,  134,  141,  216,  242,  260,  277,  348. 

Durability,  23,  24,  (25,  table),  (42,  recording),  (60,  under  tie-plates),  (61,  under 
chairs),  (69,  same  as  rails),  (78,  87,  creosoted),  (115,  in  Belgium),  (127, 
reduced  by  respiking),  (146,  in  Germany),  (148,  impregnated  in  Ger- 
many), (174,  in  Switzerland),  (176,  in  Spain),  (184,  in  Sweden  and 
Russia),  (200,  203,  209,  in  Australia),  (215,  217,  237,  in  India),  (271, 
United  States  of  Colombia,  lignum- vitae  and  redwood),  278. 

Fastenings,  improved,  25,26,30, 118. 

Hewn  vs.  sawed,  21. 

Life  of  ties.     (See  Durability. ) 

Number  and  kinds  used  in  United  States,  13, 14. 

Old  and  young  timber  compared,  18, 22. 
-Piling  method  and  value  of,  20,21. 

Preserving  processes  (30, 31, 32, 34, 69, 71, 77, 80,  (90,  in  France),  115,  134,  146,  148, 
161,  cost),  (71, 78, 87, 115, 134, 146, 148,  196,  durability  of  impregnated 
ties),  (217,  creosoted  pine  not  durable  in  India),  (246,  preserved  un- 
desirable), (91,  Bethell  process),  (70,  Brystic),  (33,  80,  82,  Burnettiz- 
ing),  (88,  superiority),  (33,  kyanizing),  (31,  vulcanizing),  (34,  specified 
cost.  Well  house),  (31,32,  preserving  works). 

Price  of  wooden  ties  depressed  by  use  of  metal  ties  (78,  in  France),  169,  (217,  in- 
creased in  India). 

Sawed  ra.  Hewn,  21. 

Seasoning,  value  of,  20. 

Size,  42. 

Spikes,  effects  on  ties,  25, 26,  (Davies*  locking  spike,  26),  (adhesion,  257). 

Tie-plates  (25, 27,  Post  on,  requirements,  experience  in  Germany),  (28, 30,  various 
patterns),  (60,  chairs),  87, 121, 154, 161. 

Young  and  old  timber  compared,  18, 22. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Depaktment  of  Ageioultube, 

Forestry  Division, 
Washington,  I).  C,  May  20,  1891. 

Sib  :  The  uunsual  interest  shown  in  the  subject-matter  contained  in 
the  following  pages,  when  presented  in  the  form  of  public  addresses 
delivered  by  me  as  your  representative  before  various  bodies  (notably 
before  the  State  Boards  of  Agricultu're  of  Kansas  and  Nebraska  and 
the  Chamber  of  Commerce  of  Rochester,  New  York),  makes  it  appear 
desirable  to  publish  the  same  for  a  larger  audieuce. 

At  first  sight  it  may  be  thought  incongruous  to  present  under  one 
cover  the  two  aspects  of  forestry,  the  reader  from  the  treeless  plains 
being  seemingly  not  interested  in  the  treatment  of  the  forest  cover  in 
wooded  country,  and  vice  versa. 

But  while  on  general  principles  it  is  desirable  that  all  citizens  should 
understand  the  forestry  problem  as  it  presents  itself  in  the  different 
parts  of  the  country,  the  knowledge  which  is  gained  in  the  natural  for- 
est is  an  aid  in  forest-planting,  and  the  principles  which  underlie  forest 
planting  are  also  to  some  extent  of  influence  in  forest  management. 
Hence  both  aspects  are  best  presented  together. 

Since  forest  planting  in  the  plains  is  still  largely  a  matter  of  experi- 
ment, I  have  deemed  it  desirable  to  append  two  contributions  from 
correspondents  relating  their  experience,  and  the  results  of  actual 
though  limited  practice  in  the  field. 


Hon.  J.  M.  Rusk, 

Secretary  q/  Agriculture, 


B.  E.  Fernow, 
Chief  of  Forestry  Division. 
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WHAT  IS  FORESTRY  ? 


I.  THE  FOREST  AND  ITS  SIGNIFICANCE. 

The  "forest  primeval"  is  our  most  valuable  inheritauce.  It  is  the 
ready  cjisli  of  nature's  bountiful  provision  for  our  future.  Of  all  the 
natural  resources  reserved  for  our  use  it  is  the  most  directly  useful,  for 
in  the  forest  we  find  ready  to  hand,  without  further  exertion  than  the 
mere  harvesting,  the  greatest  variety  of  material  applicable  to  the  needs 
of  man,  the  means  to  satisfy  every  direct  want  of  life. 

The  accumulations  of  centuries  are  stored  in  the  tree  growth  of  the 
virgin  forest  and  in  the  forest  floor  of  decayed  foliage.  The  giants 
which  we  cut  down  to-day  are  the  result  of  nature's  unaided  forces, 
which  in  the  Sequoias  have  been  at  work  for  over  2,000  years,  while 
rarely  less  than  200  years'  annual  growth  is  represented  in  any  of  the 
trees  we  now  utilize. 

Nature  has  taken  no  account  of  time  or  space,  both  of  which  were 
lavishly  at  her  command;  nor  did  she  care  whether  the  forest  was  com- 
posed of  the  timbers  most  useful  to  man ;  tree  growth,  whatever  the 
kind,  satisfied  her  laws  of  development. 

But  when  man  begins  to  occupy  the  ground,  when  a  growing  nation 
has  need  of  the  soil  for  agricultural  use  and  for  timber,  when  the  forest 
gives  way  to  the  field  and  meadow,  it  becomes  necessary  in  time  to 
introduce  economy  into  the  use  of  our  inheritance,  to  relegate  the  forest 
to  the  non-agricultural  soils,  and  to  make  the  soil  do  full  duty  in  pro- 
ducing only  that  which  is  useful  to  man. 

When  this  stage  of  development  has  been  reached  in  a  nation,  when 
increasing  population  calls  for  economical  use  of  resources,  when  it  be- 
comes desirable  to  reserve  the  soil  to  that  use  under  which  it  is  best 
fitted  to  satisfy  human  wants,  then  a  new  conception  of  the  forest 
arises. 

The  "  forest  primeval "  then,  together  with  the  young  natural  growth 
of  the  better  class,  becomes  "  woodlands ;"  the  brush  lauds,  which  result 
from  the  careless  treatment  of  the  original  growth,  become  "  waste 
lands,"  and  the  name  of  '•'  forest "  is  reserved  to  those  woodlands,  which 
have  become  objects  of  human  care,  producing  to  the  fullest  capacity 
of  the  soil  the  most  useful  material. 
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No  more  convincing  argument  for  the  importance  of  this  resource  in 
a  nation's  economy  can  be  offered  than  to  state  the  value  of  the  forest 
product  in  the  United  States. 

The  total  annual  product  of  wood  material  of  all  sorts  consumed  in 
the  United  States  may  be  valued  in  round  numbers  at  $1,000,000,000, 
representing,  roughly  speaking,  25,000,000,000  cubic  feet  of  wood,  or 
the  annual  increase  of  the  wood  growth  of  500,000,000  acres  of  forest 
in  fair  condition.  This  value  exceeds  ten  times  the  value  of  our  gold 
and  silver  output,  and  three  times  the  annual  product  of  all  our  min- 
eral and  coal  mines  put  together.  It  is  three  times  the  value  of  our 
wheat  crop;  and  with  all  the  toil  and  risk  which  our  agricultural  crops 
involve  they  can  barely  quadruple  the  value  of  this  product  yielded  by 
nature  for  the  mere  harvesting. 

If  to  the  value  of  our  total  mining  product  be  added  the  value  of 
stone  quarries  and  petroleum,  and  this  sum  be  increased  by  the  esti- 
mated value  of  all  the  steamboats,  sailing  vessels,  canal  boats,  flatboats, 
and  barges  plying  in  American  waters  and  belonging  to  citizens  of  the 
United  States,  it  will  still  be  less  than  the  value  of  the  forest  product 
by  a  sum  sufficient  to  purchase  at  cost  of  construction  all  the  canals, 
buy  up  at  par  all  the  stock  of  the  telegraph  companies,  pay  their  bonded 
debts,  and  construct  and  equip  all  the  telephone  lines.  The  value  of 
the  annual  forest  product  exceeds  the  gross  income  of  all  the  railroad 
and  transportation  companies.  It  Would  suffice  to  pay  the  indebted- 
ness of  all  the  States,  if  we  leave  out  New  York  and  Pennsylvania, 
including  that  of  all  counties,  townships,  school  districts,  and  cities 
within  those  States  (in  1880);  and  it  would  more  than  wipe  out  the 
remaining  public  debt  of  the  United  States.  In  fact,  ranking  manu- 
factures of  all  kinds  and  agriculture  as  respectively  first  and  second  in 
importance,  as  far  as  production  of  values  goes,  the  forest  product 
occupies  the  third  place.  This  was  the  case  according  to  the  census  of 
1880.  It  is  claimed  that  since  then  the  lumber  industry  has  enlarged  to 
such  an  extent  as  to  make  its  product  second,  if  not  first  in  value. 

The  capital  employed  in  merely  milling  this  product,  aside  from  that 
employed  in  the  harvesting,  is  roughly  estimated  at  $650,000,000,  and 
there  are  more  than  300,000  people  occupied  in  the  direct  manufacture 
of  forest  and  sawmill  products  alone,  not  to  count  the  employment 
afforded  by  its  transportation  to  centers  of  consumption  and  its  remanu- 
facture. 

It  would  lead  us  through  all  phases  and  employments  of  human  life 
were  we  to  attempt  an  enumeration  of  the  uses  to  which  forest  products 
are  put. 

Not  only  does  the  forest  furnish  the  material  for  the  construction  of 
dwellings  and  other  structures,  our  railroad  consumption  of  500,000,000 
cubic  feet  of  timber  included,  but  countless  articles  of  domestic  economy 
and  implements  necessitate  its  use.  Not  only  does  it  yield  to  two-thirds 
of  our  population  the  fuel  to  warm  their  houses  and  to  prepare  their 


food,  but  it  gave  ns  the  first  means  of  using  our  mineral  resources,  and 
even  now  600,000  tons  of  tbe  iron  product  depend  upon  charcoal.  Not 
only  does  tbe  wood  in  its  natural  form  serve  our  needs,  but  our  ingenu- 
ity bas  invented  raetbods  by  whicb  we  can  transform  it  into  all  sorts  of 
useful  materials,  like  cellulose,  paper,  and  even  silk,  while  lately  it  has 
become  possible  to  prepare  from  the  brushwood  a  feed  for  cattle  more 
nutritious  than  straw  and  equal  to  hay. 

By  distillation  of  the  wood  numerous  new  products  are  derived  from 
it,  like  alcohol,  acetic  acid,  gas,  vanillin,  etc.,  and  if  we  recall  that  the 
bark  yields  indispensable  tanning  material,  that  resin  and  tar  to  pitch 
our  vessels,  and  turpentine,  sassafras  oil,  and  quinine  to  cure  our  ills, 
rubber  and  cork  for  a  great  variety  of  uses,  maple  sugar  and  cinnamon 
to  flavor  our  food ,  all  are  derived  from  the  forest,  it  will  be  admitted 
that  an  enumeration  of  the  use  of  forest  products  would  be  almost  end- 
less. And  in  spite  of  the  discovery  of  substitutes  for  many  uses  the 
application  of  wood  is  growing  everywhere  in  direction  as  well  as  in 
quantity. 

While  this  direct  usefulness  of  the  forest  is  patent  to  everyone,  there 
are  to  be  noted  some  more  hidden  indirect  phases  of  utility  as  impor- 
tant as  those  which  are  presented  by  its  material. 

The  forest,  with  its  decaying  vegetation,  has  furnished  the  fertility  of 
our  fields  and  waters,  for  the  raiueral  soil  without  the  humus  or  vege- 
table mold  would  never  have  produced  food  enough  for  mankind. 

Another  incalculable  benefit  of  the  forest  cover  has  impressed  itself 
upon  the  minds  of  the  observing  and  thinking  portion  of  mankind  only 
comparatively  recently,  namely,  the  part  which  the  forest  plays  in  the 
great  economy  of  nature,  the  recognition  of  which  led  the  most  eminent 
naturalist  and  philosopher,  A.  von  Humboldt,  to  exclaim :  "  How  foolish 
do  men  appear,  destroying  the  forest  cover  without  regard  to  conse- 
quences, for  thereby  they  rob  themselves  of  wood  and  water." 

It  is  only  within  a  century  or  so  that  the  value  of  a  forest  cover  as 
a  protection  against  destructive  natural  forces  and  as  a  regulator  of 
favorable  cultural  conditions,  b}^  its  influence  upon  climatic  conditions, 
and  upon  the  flow  of  water,  has  been  recognized  and  proved. 

Whatever  may  in  general  remain  unexplained  or  unproved  in  regard 
to  these  influences  of  the  forest,  it  is  well  established  by  observation, 
experience,  and  experiment  that  under  certain  conditions  of  soil,  topog- 
raphy, and  climate  these  influences  not  only  exist,  but  are  of  consider- 
able importance  in  preventing  the  washing  and  shifting  of  the  soil,  reg- 
ulating the  surface  and  subterranean  drainage  of  waters,  breaking  the 
force  of  and  tempering  hot  and  cold  winds,  and  thus  acting  as  a  reg- 
ulator of  cultural  conditions. 

We  see,  then,  that  the  significance  of  the  forest  is  twofold.  For  the 
private  interest  it  is,  in  the  first  place,  only  a  source  of  profitable  prod- 
ucts; the  more  profit  it  affords  the  more  fully  does  it  satisfy  this  in- 
terest. 
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For  the  interest  of  the  community,  the  State,  or  Nation,  it  forms  an 
indispensable  basis  of  material  prosperity,  directly  and  indirectly. 
The  more  fully,  and  especially  the  more  continuously,  this  function  is 
fulfilled,  the  more  fully  is  the  interest  of  the  community  subserved. 

Forest  management,  therefore,  a  proper  maintenance  of  forest  cover 
where  desirable,  supplies  not  only  profitable  employment  for  private 
enterprise,  bat  is  also  an  important  factor  of  public  economy,  and  the  ap- 
plication of  proper  forestry  ptinciples  is  hence  a  matter  of  public  inter- 
est. 


n.  FORESTRY  IN  A  WOODED  COUNTRY, 

OR 

FOREST  MANAGEMENT. 

If  left  to  itself,  without  interference  of  man,  nature  would  keep  tbe 
entire  earth,  with  few  excepted  localities,  under  forest  cover.  It  is  only 
when  man  interferes  that  this  tendency  of  nature  is  either  frustrated  or 
turned  to  advantage  for  the  obj  ects  of  man.  If  the  latter,  then  we  may 
speak  of  forest  management,  and  we  understand  by  "management"  the 
bestowal  of  care,  giving  direction  and  applying  economy  in  the  use  of 
natural  resources. 

OBJECTS  OF  FOREST  MANAGEMENT. 

Forest  management  has  two  objects  in  view: 

1.  To  produce  and  reproduce  certain  useful  material. 

2.  To  sustain  or  possibly  improve  certain  advantageous  natural  con- 
ditions. 

In  the  first  case  we  treat  the  forest  as  a  crop,  which  we  harvest  from 
the  soil,  taking  care  to  devote  the  land  to  repeated  reproduction  of 
crops.  As  agriculture  is  practiced  for  the  purpose  of  producing  food 
crops,  so  forestry  is  in  the  first  place  concerned  in  the  production  of 
wood  crops,  both  attempting  to  create  values  from  the  soil. 

In  the  second  case  we  add  to  the  first  conception  of  the  forest  as  a 
.crop  another,  namely,  that  of  a  cover  to  the  soil,  which  under  certain 
conditions  and  in  certain  locations  bears  a  very  important  relation  to 
other  conditions  of  life. 

The  favorable  influence  which  the  forest  growth  exerts  in  preventing 
the  washing  of  the  soil  and  in  retarding  the  torrential  flow  of  water, 
and  also  in  checking  the  winds  and  thereby  reducing  rapid  evapora- 
tion, further  In  facilitating  subterranean  drainage  and  influencing  cli- 
matic conditions,  on  account  of  which  it  is  desirable  to  preserve  certain 
parts  of  the  natural  forest  growth  and  extend  it  elsewhere — this  favor- 
able influence  is  due  to  the  dense  cover  of  foliage  mainly,  and  to  the 
mechanical  obstruction  which  the  trunks  and  the  litter  of  the  forest 
floor  offer. 

Any  kind  of  tree  growth  would  answer  this  purpose,  and  all  the  for- 
est management  necessary  would  be  to  simply  abstain  from  interfer- 
ence and  leave  the  ground  to  nature's  kindly  action. 
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This  was  about  tLe  idea  of  the  first  advocates  of  forest  protection  in 
this  country:  Keep  out  fire,  keep  out  cattle,  keep  out  the  ax  of  man, 
and  nothing  more  is  needed  to  keep  our  mountains  under  forest  cover 
forever. 

But  would  it  be  rational  and  would  it  be  necessary  to  withdraw  a 
large  territory  from  human  use  in  order  to  secure  this  beneficial  influ- 
ence? It  would  be,  indeed,- in  many  localities,  if  the  advantages  of 
keeping  it  under  forest  could  not  be  secured  simultaneously  with  the 
employment  of  the  soil  for  useful  production,  but  rational  forest  man- 
agement secures  both  the  advantages  of  favorable  forest  conditions  and 
the  reproduction  of  useful  material.  Not  only  is  the  rational  cutting 
of  the  forest  not  antagonistic  to  favorable  forest  conditions,  but  in  skill- 
ful hands  the  latter  can  be  improved  by  the  judicious  use  of  the  ax. 

In  fact  the  demands  of  forest  preservation  on  the  mountains  and  the 
methods  of  forest  management  for  profit  in  such  localities  are  more  or 
less  harmonious ;  thus  the  absolute  clearing  of  the  forest  on  steep  hill- 
sides, which  is  apt  to  lead  to  desiccation  and  washing  of  the  soil,  is 
equally  detrimental  to  a  profitable  forest  management,  necessitating,  as 
it  does,  replanting  under  difficulties. 

Forest  preservation,  then,  does  not,  as  seems  to  be  imagined  by  many, 
exclude  proper  forest  utilization,  but  on  the  contrary  these  may  well  go 
hand  in  hand,  preserving  forest  conditions  while  securing  valuable 
material ;  the  first  requirement  only  modifies  the  manner,  in  which  the 
second  is  satisfied. 

WHERE  SHOULD  FOREST   GROWTH  BE  MAINTAINED? 

The  forest  is  the  most  unsatisfactory  form  of  vegetation  as  regards 
the  maintenance  of  ruminants,  and  hence  of  a  large  population. 

Forest  destruction  is,  therefore,  the  beginning  of  all  culture  and  its 
essential  prerequisite. 

When,  however,  the  land  that  is  fit  for  purposes  of  agriculture  and 
grazing  has  been  secured,  it  will  be  found  that  the  most  successful 
cultivation  of  the  soil  can  be  carried  on  when  forest  areas  are  inter- 
spersed. 

If  properly  located,  the  wood  lot  on  the  farm  is  a  most  profitable  prop- 
erty, directly  and  indirectly.     * 

First  of  all,  the  waste  places,  the  thin  soils  that  produce  little,  the 
rocky  and  the  wet  places  should  be  left  to  tree  growth  ;  because  not  only 
does  the  farm  look  better  with  the  ugly  spots  covered,  but  tree  growth 
is  the  most  profitable  crop  on  them.  Trees  will  grow,  thrive,  and  pay 
good  returns  without  much  work.  Not  that  the  forest  grows  best  on 
such  sites,  but  it  can  grow  where  no  other  crop  is  possible. 

Next,  there  should  be  left  a  wood  growth  on  all  hillsides  too  steep  to 
plow  comfortably ;  on  all  knolls,  and,  in  patches  and  belts,  along  all 
slopes  that  are  subject  to  washing  and  gullying,  and  also  a  strip  along 
-all  water  courses. 
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Tho  reason  for  tliis  is  obvious.  Wherever  one  travels  in  the  United 
States  he  will,  half  the  year,  tiud  our  rivers  and  streams  muddy  and 
chocolate  colored,  laden  with  sand  and  soil.  What  occasions  this  con- 
dition ?  The  loss  of  the  best  part  of  your  farms  ;  millions  of  dollars* 
worth  of  farm  values  go  down  the  rivers  every  year  for  lack  of  attention 
to  a  proper  maintenance  of  forest  growth. 

The  soil  is  washed  by  the  rains  from  the  fields  into  brooks  and  rivers 
because  you  have  plowed  to  the  water's  edge,  instead  of  leaviug  a  belt 
of  forest  cover  along  the  banks ;  it  is  washed  from  the  slopes  and  knolls 
because  you  have  bared  them,  and  the  rain  beating  down  first  hardens 
the  ground  and  then  being  unable  to  drain  off  subterraneously  has  car- 
ried the  soil  and  debris  down  the  slope,  gullying  the  hillside,  reducing 
its  farm  value,  and  filling  up  the  rivers,  while  making  river  and  harbor 
improvements  more  expensive,  and  in  these  you  pa^^  the  penalty  for  not 
keeping  your  soil  at  home.  It  is  computed  that  in  the  hill  lauds  of 
the  State  of  Mississippi  alone  the  loss  of  agricultural  lands  from  this 
cause  amounts  to  10  per  cent  yearly. 

The  forest  cover  with  its  interposing  foliage  and  undergrowth,  its 
l)rotecting  floor  of  fallen  leaves  and  twigs,  its  intricate  root  system  and 
its  fallen  trunks  and  branches,  first  retards  the  rain  on  its  way  to  the 
ground,  thus  breaking  its  force,  and  then  retards  the  surface  drainage 
and  prevents  the  rush  of  water  which  takes  place  over  naked  soil. 

And  if  larger  areas  are  being  denuded  in  a  hill  country  or  in  tho 
mountains,  the  chances  are  that  both  the  flow  of  springs  and  the  flow 
of  brooks  and  rivers  are  made  uncertain,  because  the  forest  which  acts 
as  an  equalizer  in  time  and  quantity  of  water-flow  is  cut  off. 

The  streams  that  used  to  keep  the  ponds  well  filled  for  the  sawmill 
and  the  gristmill  and  furnished  a  never- failing  supply  for  the  farms, 
how  many  of  them  run  dry  in  summer  f  And  yet  with  the  warm  rains 
of  spring  and  melting  snow,  they  overflow  their  banks  and  swift  waters 
carry  away  fences,  bridges,  and  embankments,  and  in  the  larger  streams 
the  floods  make  sad  havoc  and  destroy  millions  of  property. 

Thus  what  the  farmer  is  doing  on  his  farm  or  leaves  undone  in  the 
way  of  forest  management  is  felt  not  only  by  himself,  but  by  a  large 
area  far  away  from  him,  and  ultimately  the  large  cities,  which  depend 
for  i)ower,  drinking  water,  or  for  navigation  upon  the  regular  drainage 
waters  of  the  country,  find  themselves  in  danger  and  distress. 

At  first  sight  to  the  farmer,  who  sees  only  his  immediate  surround- 
ings, it  would  apijear  impossible  that  his  action  or  inaction  should  breed 
such  results,  but  as  all  great  effects  are  the  result  of  many  small  causes, 
so  the  many  little  rills  and  runs  and  rivulets  carrying  each  its  quota  of 
water,  earth,  and  rocks  from  the  denuded  slope  to  the  river,  make  the 
great  floods  more  dangerous  than  they  were  before,  because  large 
masses  of  water  run  off"  at  once  and  the  debris  stows  back  its  flow. 

There  is  another  influence  of  the  well-placed  wood  lot,  the  absence  of 
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which  is  felt  by  the  farmers  in  western  New  York  and  elsewhere.  It  is 
the  shelter  which  the  wood  lot  otiered.  Now,  with  the  country  unduly 
opened,  spring  opens  later.  The  yo  ung  cattle  that  used  to  be  turned 
out  into  the  wood  sheltered  pasture  about  the  1st  of  April  now  are  kept 
shut  up  until  the  middle  of  May.  Peach  orchards  in  Michigan  have  be- 
come impossible  in  many  sections,  and  those  that  were  sure  to  be  loaded 
every  year  with  luscious  friiit  now  furnish  a  good  crop  only  as  an  ex- 
ception, and  so  it  is  with  apples.  Droughts  in  summer  and  floods  in 
spring  time  are  more  frequent  and  more  destructive  because  the  temper- 
ing shelter  belt  and  the  forest  floor  are  destroyed. 

There  are  also  in  all  parts  of  the  country  large  mountain  areas  which 
with  their  declivities  and  thin  soils  offer  little  or  no  inducement  to  agri- 
cultural use  and  are  best  kept  under  forest  altogether,  partly  because 
that  is  the  most  profitable  use  of  the  soil,  partly  because  a  forest  cover 
is  here  of  most  benefit  in  regulating  water  conditions,  and  for  this  reason 
the  method  of  managing  here  must  be  such  that  regard  to  these  condi- 
tions forms  the  first  consideration  in  the  use  of  the  forest,  production 
of  material  and  values  only  the  second. 

Forestry  here  carried  on  with  the  care  which  such  conditions  demand 
may  not  prove  profitable  to  the  private  owner,  and  therefore  such  for- 
ests should  be  owned,  controlled,  and  managed  by  the  community  or 
the  State  as  an  object  of  public  concern,  like  roads,  canals,  harbors,  and 
similar  public  improvements ;  the  interest  of  the  community  being  here 
more  concerned  than  the  pocket  of  the  individual. 

WHAT  FOEEST  MANAGEMENT   IS  AND  WHAT  IT  IS  NOT. 

The  popularly  expressed  idea  that  forest  management  consists  in 
cutting  the  mature  trees  is  about  as  childlike  a  conception  as  if  we 
were  to  define  banking  business  to  consist  in  paying  out  money.  The 
lumberman  hardly  does  anything  but  take  the  mature  trees,  and  yet 
he  thereby  in  many  cases  inj  ures  the  forest,  killing  out  the  desirable 
species  and  handing  the  ground  over  to  less  desirable  growth,  because 
he  does  not  know  how  to  cut  so  as  to  reproduce  or  favor  the  desirable 
growth.  Thus  the  cutting  of  the  spruce  in  the  Adirondacks,  done  in 
the  manner  in  which  it  is  now,  practiced,  is  a  practice  to  be  utterlj'  con- 
demned from  the  forester's  point  of  view,  because  it  reduces  the 
chances  for  reproduction  of  the  most  desirable  species. 

Nor  does  forestry  consist  in  planting  trees,  after  the  original  growth 
is  removed,  although  that  may  under  certain  circumstances  form  a  part 
of  the  forester's  task. 

Least  of  all  does  forestry  require  the  prevention  of  timber-cutting 
anywhere  and  everywhere,  for  that  would  be  to  prevent  its  very  object, 
which,  as  we  have  seen,  is  to  grow  a  crop,  to  secure,  besides  favorable 
forest  conditions,  desirable  material  for  utilization. 

"What  is  the  material  which  a  rational  forest  management  tries  to 
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secure  ?  Not  trees  merely — which,  to  be  sure,  would  satisfy  the  require- 
iiieut  of  niaiutainiug  forest  conditions,  and  which  nature  produces  with- 
out assistance — nor  is  it  wood  simply  that  is  sought  by  the  forest  man- 
ager ;  that,  too,  is  produced  by  nature  without  his  interference,  but  it 
is  useful  wood — wood  of  qualities  that  make  it  ai)plicable  to  his  needs, 
and,  further  than  that,  he  so  directs  nature  as  to  produce  and  reproduce 
the  largest  amount  of  the  most  useful  wood  on  the  smallest  area  possi- 
ble and  with  the  least  expenditure  of  energy  or  money.  That  is  the 
task  of  the  forester  and  of  forest  management. 

Forestry  in  a  wooded  country  means  harvesting  the  wood  crop  in 
such  a  manner  that  the  forest  will  reproduce  itself  in  the  same  if  not  in 
superior  composition  of  kinds.  Eeproduction,  then,  is  the  aim  of  the 
forest  manager,  and  the  ditt'erence  between  the  work  of  the  lumberman 
and  that  of  the  forester  consists  mainly  iu  this:  that  the  forester  cuts 
his  trees  with  a  view  of  securing  valuable  reproduction,  while  the  lum- 
berman cuts  without  this  view,  or  at  least  without  the  knowledge  as  to 
how  this  reproduction  can  be  secured  and  directed  at  will.  The  effi- 
cient forest  manager  requires  no  other  tool  than  the  ax  and  saw — the 
planting  tools  being  needed  only  to  correct  his  mistakes — but  he  uses 
them  differently  from  the  lumberman. 

And  what  are  the  methods  of  forest  management ! 

Admirers  of  European  forest  management,  as  well  as  the  knownoth- 
ings  who  consider  it  inapplicable  to  our  conditions,  very  often  confound 
the  administrative  features  with  the  technical  management. 

To  cut  a  given  equal  amount  of  wood  yearly,  as  is  done  more  or  less 
strictly  in  most  European  government  forests,  is  a  purely  administrative 
measure,  just  as  a  mine  owner  may  propose  to  take  from  his  property 
annually  an  equal  amount  of  coal.  To  cut  over  a  certain  area  and  take 
cot  a  certain  number  of  trees  because  it  is  a  seed  year  and  we  want  to 
take  advantage  of  it  for  reproduction,  and  in  order  to  secure  that  satis- 
factorily remove  a  certain  amount  of  the  shade— that  is  a  technical 
measure,  just  as  the  proper  proportioning  of  coal  and  ore  and  flux  to 
make  iron. 

The  administrative  measures  in  vogue  in  European  forest  manage- 
ment we  may  perhaps  not  think  desirable  or  suitable  to  our  country  and 
conditions,  but  the  technical  measures  as  far  as  they  are  based  upon 
natural  laws  and  proved  by  experience  proper  for  the  object  in  view 
will  have  to  be  adopted  with  the  necessary  modifications  if  we  wish  to 
attain  proper  forest  management. 

Before^  however^  we  may  apply  the  finer  methods  of  forestry  management 
as  practiced  abroad,  it  loill  he  well  enough  to  begin  icith  common-sense  man- 
agement, which  consists  in  avoiding  unnecessary  icasie,  in  protecting  against 
fire,  in  keeping  out  cattle  tchere  young  groxcth  is  to  be  fostered,  and  in  not 
preventing  by  malpractice  the  natural  reforestation. 
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REPRODUCTION. 

There  are  tbree  ways  of  reproducing  a  forest,  which  lead  to  three 
methods  of  management.  We  may  either  remove  the  original  growth 
and  replant  the  area,  or  we  may  cut  it  and  expect  the  reproduction  by 
sprouts  from  the  stumps,  or  else  we  may  so  manage  our  cutting  that 
seed  from  some  remaining  trees  sows  itself  and  produces  a  new  growth 
of  seedlings.  Often  any  two  or  all  three  methods  of  reproduction  may 
be  employed  together. 

The  first  method,  namely,  that  of  replanting  the  cleared  ground,  is 
simple  but  expensive,  especially  in  our  country,  where  wages  are  high. 

The  method  is  objectionable,  also,  because  by  the  removal  of  the 
original  cover  the  soil  is  exposed  to  sun  and  wind  and  is  liable  to  be 
covered  by  weed  growth,  which  reduces  the  chances  of  successful  re- 
forestation. It  is,  however,  largely  used  in  the  pine  forests  of  Europe 
with  tolerable  success,  and  has  the  advantage  that  the  cutting  may  be 
done  without  regard  to  the  seed  production. 

Planting  becomes  necessary  where  all  original  growth  is  absent,  as 
in  the  prairies  and  plains  and  on  the  devastated  hill  and  mountain  lauds, 
or  where,  by  lack  of  proper  attention  in  cutting  the  forest,  undesirable 
species  have  gained  posst  ssion  of  the  ground. 

The  second  method,  that  of  reproduction  by  sprouts  from  the  stump, 
familiarly  known  as  coppice  management,  can  be  used  only*,  of  course, 
with  such  kinds  as  will  sprout.  The  conifers,  therefore,  are  entirely 
excluded,  for  although  a  few  of  them  (sequoia,  and  some  pines)  do 
sprout,  the  sprouts  do  not  develop  into  trees  of  size.  Altogether, 
sprouts,  while  growing  rapidly,  remain  comparatively  short.  This  man- 
agement is,  therefore,  only  fit  for  the  production  of  firewood,  charcoal, 
ties,  poles,  posts,  and  wood  of  small  dimensions.  Most  of  the  so-called 
second  growth  of  the  forests  of  New  England  and  elsewhere  in  the 
United  States  consists  of  coppice  growth,  and  does  not  promise  much 
for  future  supplies  of  dimension  timber.  In  time  the  stocks  lose  their 
vitality  and  the  quality  of  the  forest  deteriorates. 
•  The  third  method,  that  of  natural  reproduction  by  seed,  together  with 
artificial  planting,  produces  the  timber  forest. 

There  are  various  ways  of  applying  this  method ;  either  leaving  seed 
trees  scattered  over  the  entire  area,  or  clearing  strips  and  leaving  a 
neighboring  growth  of  seed  trees  to  supply  the  seed  for  the  reproduc- 
tion on  the  cleared  strip. 

In  these  methods  one  is  dependent  on  the  seed-bearing  of  the  mother 
trees,  and  it  must  not  be  overlooked  that  most  or  many  of  our  most 
valuable  trees  do  not  bear  seed  every  year,  at  least  not  plentifully. 

The  clearing  of  strips,  with  seeding  from  the  neighboring  growth,  is 
perhaps  the  simplest  and  on  that  account  may  recommend  itself  to  the 
lumbermen.  It  is  applicable  with  success,  however,  only  to  those 
kinds  which  have  light  enough  seed  to  be  scattered  over  the  cleared 
strip  by  the  winds,  and  which  can  sprout  and  develop  sq^tisfactorily 
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without  the  partial  sliado  of  nurse  trees  and  grow  fast  enough  not  to  bo 
crowded  out  by  weeds. 

To  make  this  method  tolerably  effective,  the  width  of  the  cleared 
strip  should  not  be  more  than  the  distance  which  the  wind  is  sure  to 
carry  the  seed,  say  from  two  to  four  tree  lengths,  according  to  kind,  and 
that  the  clearing  occur  in  or  precede  a  seed  year. 

By  reducing  the  size  of  the  clearings  to  small  openings  the  chances 
of  successful  reproduction  are  increased  j  and  in  this  manner  we  come 
to  the  next  method,  which  consists  in  a  thinning  out  through  the  entire 
area  that  is  to  be  reproduced,  and  letting  in  enough  light  to  stimulate 
seed  bearing,  proper  decomposition  of  the  litter  to  make  a  seed  bed, 
and  to  favor  the  growth  of  seedlings.  The  method  of  reproduction  from 
seed  trees  standing  on  the  same  ground  requires  perhaps  the  least 
change  from  our  present  method  of  utilizing  the  forest,  which  consists 
in  culling  out  trees  here  and  there.  The  main  changes  necessary  would 
be  to  remove  first  the  undesirable  trees  and  the  undesirable  species,  and 
to  utilize  the  desirable  only  gradually  after  seeding  has  taken  place,  and 
in  doing  so  keep  in  view  the  requirements  of  the  young  growth  for 
either  shade  or  more  light.  To  do  this  successfully  requires  consider- 
able knowledge  and  judgment,  and  in  fact  the  art  of  the  forester  is  here 
called  into  fullest  requisition.  Differences  of  condition  necessitate 
differences  of  treatment.  It  would  lead  us  too  far  to  discuss  in  this 
paper  at  length  what  is  required.  I  may  only  briefly  recite  an  example, 
namely,  how  the  beech  forests  are  reproduced  in  Europe. 

The  beech,  like  many  other  timbers,  bears  seed  only  periodically. 
Seed  years  occur  in  different  localities  at  periods  varying  from  3  to 
even  20  years,  records  of  their  occurrence  being  kept.  A  few  years 
before  the  seed  year  is  expected  to  occur  the  forest  is  somewhat  thinned 
out  to  admit  air  and  light  upon  the  soil,  in  order  that  the  litter  of  the 
forest  floor  be  more  rapidly  decomposed  and  humified,  and  so  may  form 
a  suitable  seed-bed  for  the  sprouting  of  the  seed,  and  also  to  stimulate 
the  mother  trees  to  a  plentiful  production  of  superior  seed.  In  this 
thinning  the  inferior  material  and  the  undesirable  kinds  are  first  re- 
moved, and  such  kinds  as  reproduce  themselves  easily  without  aid  from 
the  forester.  When  the  nuts  fall,  pigs  may  be  driven  into  the  woods  to 
plow  them  under.  Under  favorable  conditions  a  soft,  green  carpet  of 
young  beech  seedlings  will  be  found  to  cover  the  ground  in  the  spring 
next  after  the  seed  year.  Now  comes  the  critical  period.  If  the  mother 
trees  were  left,  the  whole  crop  would  be  lost,  and  while  waiting  for  the 
next  seetl  crop,  under  the  altered  light  conditions  which  invite  grasses, 
weeds,  and  other  species,  the  difficulties  in  securing  reproduction  are 
increased.  By  thinning  out  gradually  the  proper  amount  of  light  is 
given  to  the  young  crop,  and  when  m  three  or  four  years  the  last  of 
the  mother  or  nurse  trees  are  removed,  a  thicket  of  young  beeches  has 
replaced  the  old  growth.  In  a  similar  manner,  with  necessary  modifi- 
cations in  procedure  according  to  species,  climate,  and  soil,  the  natural 
reproduction  of  other  species  is  effected. 
28975— Bull.  5 2 
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IMPEOVElVrENT   OF  THE   CROP— THINNTNCJ. 

Having  removed  all  the  old  growth  and  secured  a  young  growth, 
there  follows  its  cultivation.  This  consists  first  in  improving  its  com- 
position and  secondly  in  promoting  its  rapid  and  desirable  development. 
Both  these  objects  are  attained  by  proper  thinning,  repeated  from  time 
to  time. 

The  young  growth  is  rarely  such  as  we  would  like  to  see.  Some 
undesirable  kinds  are  prominent  which  should  be  reduced  in  number ; 
here  are  some  stumpy  and  bushy  trees  which  prevent  the  development 
of  their  neighbors  and  are  best  removed;  there  a  stump  has  produced 
more  sprouts  than  it  can  support  and  it  is  wisdom  to  thin  them  out, 
cutting  especially  the  inner  ones.  Here  is  a  kind  especially  valuable 
that  we  would  protect  from  being  smothered  by  its  less  valuable  neigh- 
bors. There  may  also  be  larger  fail  places  in  the  natural  reproduction, 
and  if  too  large  to  be  covered  over  in  a  few  years  we  may  deem  it  desir- 
able to  plant  such  places  with  some  valuable  kind. 

In  this  way  for  the  first  10  to  15  years,  by  judicious  use  of  the  ax 
mainly,  we  try  to  improve  the  composition  of  our  crop.  These  trim- 
mings must  be  made  carefully,  however,  so  that  the  soil  which  is 
shaded  by  the  crown  may  not  remain  exposed  for  more  than  2  or  3 
years;  that  is  to  say,  in  that  time  the  crown  cover  must  close  itself 
again.  When  in  this  manner  the  crop  has  been  brought  into  desirable 
shape,  a  series  of  thinnings  follows,  repeated  periodically  or  going  on 
continually,  as  may  be  most  convenient,  the  object  of  which  is  to  ad- 
vance the  development  of  the  growth,  to  hasten  the  formation  of  valu- 
able wood.  In  these  thinnings  a  certain  number  of  trees  are  taken  out 
in  order  to  give  the  remainder  an  opportunity  to  develop  more  quickly 
and  with  the  least  hindrance  to  desirable  form  and  size. 

The  philosophy  of  these  thinnings  lies  in  the  observation  that  light  is 
oneof  the  important  factors  of  life  and  especially  of  tree  growth.  It  is 
under  the  influence  oflight  that  foliage  develops  and  that  leaves  assimi- 
late food ;  the  more  foliage  and  the  more  light  at  its  disposal  a  tree  has 
the  more  wood  it  will  form.  On  the  other  hand,  if  we  compare  trees 
grown  in  the  dense  forest  with  those  grown  in  the  open  field,  we  will 
note  a  difference  in  habit  and  shape;  while  the  latter,  grown  in  full 
enjoyment  of  light,  have  during  the  same  time  attained  a  greater  diame- 
ter, have  in  fact  made  more  wood,  the  latter  excel  in  the  length,  straight- 
ness,  and  cylindrical  form  of  their  trunks ;  while  the  former  have  de- 
veloped largely  into  branches,  the  latter  have  fewer  branches,  and  alto- 
gether, although  having  made  less  wood,  have  produced  a  more  use- 
ful quality. 

Hence,  in  order  to  produce  good  timber,  which  is  the  principal  aim 
of  forest  management,  dense  growth  is  necessary,  when  the  light,  needed 
for  the  development  of  branches,  is  cut  off  and  a  clean  shaft  the  result; 
yet  on  the  other  hand,  to  produce  largest  amount  of  material  open  posi- 
tion is  more  favorable. 
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The  whole  secret  of  forest  management  then  consists  in  so  balancing 
light  conditions  in  the  forest  that  the  largest  amount  of  wood  possible 
is  formed  in  the  trunk  without  much  branching;  that  is  to  say, to  secure 
the  greatest  amount  of  foliage  on  the  largest  number  of  individuals 
that  may  develop  on  the  areas  to  best  proportions. 

UNDEEGEOWTH. 

From  the^oil  trees  derive  mainly  that  most  needful  element  of  growth, 
water.  It  is,  therefore,  very  necessary  not  only  to  preserve  suflSciency  of 
moisture  in  the  soil,  but  also  to  keep  the  soil  in  such  condition  that  the 
raiusandsnows  can  penetrate  it.  This  is  done  by  keeping  the  soil  shaded 
and  covered  with  the  natural  litter  and  undergrowth,  which  checks 
undue  evaporation  and  preserves  the  granular  structure  of  the  soil  so 
favorable  to  percolation. 

Undergrowth,  therefore— not,  however,  the  grass  and  weeds  which 
transpire  more  water  than  their  shade  prevents  from  evaporating — 
should  be  fostered,  and  the  protection  of  the  soil,  especially  of  poor 
soil,  against  sun  and  wind  must  also  be  kept  in  view  iu  the  amount  of 
thinning  to  be  done. 

MIXED   aROWTH — LIGHT  INFLUENCES. 

To  understand  technical  forest  management,  especially  the  practice 
of  thinning,  it  is  necessary  to  realize  that  iu  the  vegetable  world,  as  in 
the  animal  world,  there  is  a  constant  struggle  for  supremacy  going  on 
between  the  different  species  as  well  as  among  the  individuals  of  the  same 
species.  The  methods  used  in  this  warfare  are  various,  and  both  offen- 
sive and  defensive.  One  species  seeks  to  gain  a  foothold  by  prolific 
production  of  seed,  and  perhaps  of  light-winged  seeds  which  the  winds 
will  carry  everywhere,  like  those  of  the  ubiquitous  aspen.  Another 
species  "  shades  out "  its  rivals  by  den>.e  foliage.  Firs  and  spruces  are 
examples  of  this  class.  Others  again  develop  a  superiority  of  the  root 
system,  enabling  them  to  endure  shade  and  other  privations  until  the 
overtopping  rivals  succumb  to  the  influence  of  time.  The  oak  is  an 
example  of  this  kind.  In  this  way  the  alternation  of  forest  growth,  so 
often  remarked  upon,  finds  a  natural  and  rational  explanation. 

Now,  the  task  of  the  forest  manager  is  to  interfere  in  this  warfare  in 
favor  of  the  species  which  he  desires  to  propagate  and  have  specially 
dev^elop  for  his  own  objects  by  reducing  the  cliances  of  reproduction 
and  supremacy  of  the  undesirable  species. 

Mixed  forest  growth  is  the  rule  in  the  world ;  in  the  natural  forest, 
with  few  excepted  localities,  there  are  usually  several  species  occupy- 
ing the  ground  together.  The  forester  knows  that  there  are  various 
advantages  resulting  from  this  arrangement,  and  he  fosters  the  mixed 
growth,  although  the  management  of  a  mixed  forest  presents  more 
difficulties  and  requires  more  knowledge  and  judgment  than  the  forest 
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formed  of  a  single  species.  In  the  management  of  both  there  is,  as  we 
have  seen,  one  condition  which  requires  the  most  careful  study  and 
consideration,  namely,  the  dependence  of  tree  growth  ou  light,  by 
which  in  the  forest  the  ultimate  domination  of  this  or  the  other  tree  or 
species  is  determined. 

Especially  the  varying  amounts  of  light  which  the  different  species 
either  need  or  can  be  satisfied  with,*  and  also  the  rapidity  with  which 
they  grow  in  height  and  which  gives  them  a  chance  of  escaping  the 
shading  exerted  by  their  neighbors,  are  of  interest  to  the  forest 
manager. 

Go  into  the  dense  forest  and  see  what  kinds  of  trees  are  vegetating 
in  the  dense  shade  of  the  older  trees,  and  then  go  into  an  opening  re- 
cently made,  an  abandoned  field  or  other  place,  where  the  full  benefit 
of  light  is  to  be  had  by  all  alike,  and  you  will  find  a  different  set  alto- 
gether occupying  the  ground  and  dominating.  In  the  first  case  you 
will  find,  perhaps,  beech  and  sugar  maple  or  fir,  and  spruce;  in  the  sec- 
ond case  you  may  find  aspen,  poplars,  willows,  soft  maple,  oaks,  or 
pines,  tamarack,  etc. 

All  trees  thrive  ultimately  best  in  full  enjoyment  of  light ;  the  leaves 
exercise  their  functions  under  its  influence  and  feed  the  tree  by  assimi- 
lating the  carbon  of  the  air  and  trauspirin  g  the  water  of  the  soil,  but 
some,  like  those  first  mentioned,  can  at  least  subsist  and  their  foliage 
functionate  with  a  small  amount.— they  are  shade-enduring  kinds,  they 
usually  have  a  dense  foliage,  many  leaves,  and  each  one  needs  to  do  but 
little  work — and  exert  considerable  shade  when  fully  developed,  while 
those  last  named  can  not  exist  long  without  a  considerable  amount  of 
light,  having  less  foliage — they  are  light-needing  kinds. 

To  offset  this  drawback  in  the  constitution  of  these  latter  nature  has 
endowed  them  as  a  rule  with  the  capacity  of  rapid  height  growth,  to  es- 
cape their  would-be  suppressors,  but  again,  what  they  have  gained  in 
the  rapidity  of  development  they  lose  in  the  length  of  life;  they  are 
mostly  short-lived  species, while  the  shade-end uriug  are  generally  slower 
growers,  but  persistent  and  long-lived.  Some  kinds,  like  most  of  the 
oaks,  stand  between  the  two;  while  exhibiting  a  remarkable  capacity 
of  vegetating  in  the  shade,they  are  really  light-needing  species  but  com- 
paratively slow  growers  and  long-lived.  One  and  the  same  species  be- 
haves also  somewhat  differently  under  different  soil  and  climatic  condi- 
tions; for  instance,  as  a  rule,  the  light-needing  species  can  endure  more 
shade  on  moist  soils  and  the  shade-enduring  require  more  lighten  drier 
soils. 

In  the  earliest  stages  of  life  the  little  seedlings  of  most  trees  require 
partial  shade  and  are  quite  sensitive  in  regard  to  light  conditions. 
Some  have  such  a  small  range  of  light  and  shade  endurance  that, 
while  there  may  be  millions,  of  little  seedlings  sprouted,  they  will  all 
perish  if  some  of  the  mother  trees  are  not  removed  and   more  light 

*  See  also  p.  36  of  this  bulletio. 
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giv'eu;  and  tliey  will  perish  equally  if  the  old  growth  is  removed  too 
suddenly  and  the  delicate  leaf  structure,  under  the  influence  of  direct 
sunlight,  is  made  to  exercise  its  functions  beyond  its  capacity. 

Left  to  itself,  as  the  forest  grows  up  and  as  the  individual  trees  de- 
velop, each  trying  to  hold  its  ground  and  struggling  for  light,  there  is 
a  natural  thinning  taking  place;,  some  trees  lagging  behind  in  growth 
and  being  shaded  out,  until  in  old  age  only  as  many  trees  remain  as  can 
occupy-  the  ground  without  incommoding  each  other. 

This  struggle  among  the  individuals  goes  on  during  their  entire  life. 
Some  few  shoot  ahead,  perhaps  because  of  a  stronger  constitution  or 
some  favorable  external  cause,  and  overtower  their  neighbors;  these, 
lagging  behind,  fall  more  and  more  under  the  shading  influence  of  their 
stronger  neighbors  until  entirely  suppressed,  when  they  only  vegetate 
until  they  die,  while  the  struggle  continues  among  the  dominant  class 
and  is  never  ended  in  a  forest  that  is  utilized  at  the  proper  time  by 
man. 

Tlie  differentiation  into  dominant  growth  and  laggards  takes  place  in 
general  earlier  and  more  decidedly  on  strong  soils,  also  in  light-needing 
sooner  than  in  shade-enduring  species,  which  last  keep  up  an  even 
struggle  much  longer  than  the  former,  so  that  it  is  difificult  to  say 
which  will  finally  win. 

It  is  to  give  direction  and  assist  in  this  struggle,  to  hasten  its  results, 
to  obviate,  if  possible,  useless  expenditure  of  energy  by  timely  inter- 
ference, that  the  forester  steps  in  with  the  ax.  For  the  natural  thinning, 
as  a  rule,  does  not  progress  satisfactorily  for  the  best  quantitative  and 
qualitative  development,  and  hence  it  is  assisted  by  the  forester,  it  be- 
ing well  understood  that  there  is  a  larger  total  and  more  valuable  prod- 
uct to  be  had  with  a  smaller  number  of  individuals  through  better 
development  of  the  latter. 

It  is  the  number  of  trees  that  yield  the  best  result,  not  the  greatest 
number  that  we  try  to  keep  growing.  What  this  best  number  is  de- 
pends naturally  on  the  kind  of  trees;  it  changes  also  with  age,  as  the 
trees  need  more  room,  and  with  soil  and  situation. 

In  the  average  we  would  not  be  far  out  of  the  way  to  require  per  tree 
in  the  twentieth  year  10  square  feet,  in  the  fortieth  year,  40;  in  the  six- 
tieth year,  100;  in  the  eightieth  year,  125,  and  in  the  one  hundredth 
year  160  square  feet  growing  space,  or  4,300,  1,100,  43.5,  350,  and  270 
trees  per  acre,  respectively,  at  the  ages  noted,  would  represent  about  the 
proper  average  condition  of  growth.  There  are  from  50  to  75  per  cent 
more  shade-enduring  trees  possible  on  an  acre  than  light-needing; 
more  trees  on  poorer  soils,  sometimes  two  to  four  times  as  many,  than 
on  good  soils,  and  more  in  the  valley,  sometimes  double  that  of  tlie  higher 
elevations;  so  that  while  a  pine  growth  of,  say,  GO  years  may  show  500 
trees  to  the  acre,  a  beech  growth  may  contain  750  trees  under  the  same 
conditions. 
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SPECIAL   CONSIDERATIONS  IN  THINNING. 

The  three  questions  in  thiuuing  which  always  confront  the  forest 
manager  are :  When  to  begin  and  how  often  to  repeat  the  thinnings ; 
how  severely  to  thin  at  one  time  or  how  many  trees  to  permit  to  grow; 
which  trees  to  take  out. 

These  questions  of  course-  can  only  be  answered  according  to  the 
special  conditions  of  each  case.  As  a  rule  it  will  be  best  to  begin  this 
series  of  thinnings  when  the  signs  of  the  struggle  for  light  begin  to 
show  themselves  unmistakably;  that  is  to  say,  when  a  decided  differ- 
ence in  individual  development  can  be  seen  and  the  dominant  growth 
be  discerned  from  the  laggards. 

On  strong  soils  and  with  light- needing  species  this  occurs  sooner,  and 
the  time  for  interference  is  more  easily  determined  ;  but  in  these  cases 
assistance  is  also  less  urgent  than  on  poorer  soils,  where  more  individ- 
uals are  struggling  in  an  even  fight,  and  usually  the  separation  into 
dominant  growth  and  suppressed  or  laggards  does  not  take  place  easily 
and  early,  and  here,  therefore,  it  is  more  needful  to  give  timely  assist- 
ance. 

In  practice  a  consideration  for  beginning  these  thinnings  is  also  the 
possibility  of  using  or  marketing  the  material  cut  out.  But  this  is  a 
proper  consideration  only  because  we  do  not  know  yet  when  it  is  profit- 
able to  spend  time  or  money  for  thinning  merely  for  the  benefit  of  the 
remaining  growth. 

As  a  rule  the  thinnings  are  begun  in  light-foliaged,  rapid-growing 
trees  with  the  fifteenth  to  twenty-fifth  year,  while  with  shade-enduring 
species  one  may  wait  until  the  twenty-fifth  to  thirtieth  year ;  that  is, 
the  time  when  the  greatest  annual  height  growth  is  attained  and  diam- 
eter development  is  desirable. 

The  questions  how  much  to  cut  out  and  how  soon  to  repeat  the  opera- 
tion are  somewhat  interdependent. 

In  small  wood  lots,  where  the  owner  uses  perhaps  the  thinned  out 
material  himself,  a  continuous  gradual  thinning  is  best,  while  on  large 
areas  it  may  not  be  practicable  to  do  otherwise  than  to  subject  a  larger 
area  to  the  operation  at  once  and  repeat  it  in  a  few  years.  In  such  a 
case  enough  must  be  taken  out  to  avoid  crowding  until  a  second  thin- 
ning, and  yet  not  to  cut  so  severely  as  to  interrupt  the  crown  cover  too 
long  and  lay  bare  the  soil. 

The  oftener  the  thinnings  are  repeated  the  better  for  the  remaining 
growth.  The  repetition  may  be  made  every  2  or  3  years  in  pines  and 
rapid-growing  soft  woods,  while  in  shade-enduring  and  slow  growers 
every  5  years  may  be  sufficient.  Condition  of  the  growth  and  judg- 
ment alone  can  determine  this.  The  same  is  true  as  regards  the  amount 
to  be  thinned  out. 

I  repeat  that  there  are  always  three  considerations  to  be  kept  in  view 
and  their  requirements  balanced,  namely,  conservation  or  improvement 
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of  favorable  soil  conditions,  which  ixMiuires  dense  shading,  while  largo 
yield  in  quantity  requires  room  and  loose  position,  and  iruuk  develop- 
ment in  quality  requires  moderate  crowding. 

A  study  of  crown  development  is  necessary  to  form  a  judgment  as  to 
what  is  required.  Here  we  have  the  predominant  few,  with  an  excep- 
tionally full  crown,  while  the  majority  of  the  trees  have  only  a  moder- 
ately developed  head.  We  next  discern  quite  a  number  which  have 
still  a  normally  developed  crown,  yet  form  only  a  subordinate  part  in 
the  main  crown  canopy.  These  three  classes  form  the  dominant  growth 
and  the  active  crown  cover.  Underneath  these  we  find  trees  with  small 
undeveloped  crowns,  suppressed,  dying,  dead.  These  last  classes  are, 
to  be  sure,  out  of  the  struggle,  and  their  removal  means  nothing  to  the 
superior  or  dominant  growth ;  they  may  be  taken  or  left  as  their  wood 
can  be  made  useful  or  not.  The  question  can  only  be  which  of  the  other 
three  classes  to  favor  and  how  much  to  open  the  crown  canopy. 

As  to  the  latter  question,  soil  conditions  are  to  be  consulted  first.  On 
poorer  soils  less  opening  is  preferable ;  the  same  rule  is  good  on  steep 
hills,  southern  exposures,  and  where  windfalls  may  be  invited  by  too 
severe  thinning.  The  age  of  the  growth  also  has  a  bearing.  Later  on, 
when  the  principal  height  growth  has  been  attained  and  the  trunks  are 
clear  of  branches  to  a  sufficient  height,  and  the  formation  of  clean 
boles  is  not  any  more  to  be  considered,  the  thinnings  may  be  made 
severer.  As  a  rule  the  crown  cover  should  not  be  interrupted  more 
than  the  remaining  growth  is  capable  of  closing  up  again  within  3  to  5 
years ;  this  would  take  rarely  more  than  one-fifth  to  one-third  of  the 
growth  if  the  crown  cover  was  normal  at  the  time  of  thinning.  As  to 
which  class  to  favor  and  which  to  remove  opinions  are  at  variance  just 
now.  The  old  conservative  school  permitted  the  removal  of  the  first  or 
second  class  only,  when  either  a  more  valuable  kind  was  threatened  to 
be  overgrown  and  killed  out  by  a  less  valuable,  or  when  the  latter  had 
an  abnormally  spreading  crown,  overpowering  more  neighbors  than  it 
could  possibly  supplant  in  amount  and  quality  of  growth,  or  when  mal- 
formed or  diseased,  or  else  when  a  growth  showed  too  large  a  number 
of  individuals  developed  equally,  in  which  case  the  natural  differentia- 
tion into  dominant  and  overgrow  u  takes  too  long  a  time  to  be  accom- 
plished naturally. 

The  new,  more  radical  school  argues  that  when  the  time  for  severer 
thinning  has  arrived  the  foremost  trees  should  be  utilized  first,  because 
they  yield  the  most  valuable  material  and  the  next  two  classes  are  thus 
given  opportunity  to  develop  still  into  superior  material,  which  they 
will  do  under  the  increased  light  influence,  and  that  with  more  profit 
than  if  the  stoutest  trees  had  been  given  further  advantages. 

In  the  opinion  of  the  writer  this  question  can  not  be  decided  for  all 
cases  alike,  but  species,  age,  and  soil  conditions  may  require  one  or  the 
other  principle  to  prevail. 

In  mixed  growths  it  should  especially  not  be  overlooked  that  the 
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light-needing  sp9cie3  (like  ash,  oak,  pine,  larch)  must  have  much  more 
light  than  the  shade-enduring  (like  maple,  beech,  spruce,  hemlock)  in 
order  to  develop  at  all  satisfactorily. 

It  may  be  of  interest  here  to  state  that  through  the  means  of  thin- 
nings the  product  per  acre  in  the  same  time  may  be  increased  from 
three  to  five  times  of  what  the  result  would  be  were  the  forest  left  to 
itself. 


Enough  has  been  stated  in  the  foregoing  remarks  to  give  an  idea  of 
what  the  object  and  in  general  the  methods  of  forestry  management 
are.  The  owner  of  a  small  wood  lot  can  apply-it  to  his  few  acres  as  well 
as  the  lumber  king  owning  thousands  of  acres  ;  the  private  citizen  and 
the  town  or  county  as  well  as  the  State  may  cairy  on  forest  man- 
agement. Only,  as  showu  before,  where,  as  in  extensive  mountain 
regions,  a  very  conservative  policy  is  necessary  in  order  not  to  disturb 
advantageous  natural  conditions  of  soil  cover  and  water  flow,  and  where 
on  that  account  forest  management  becomes  more  difificult  and  less 
profitable,  communal  or  State  ownership  will  be  preferable. 

EUROPEAN   GOVERNMENT  FORESTRY.  . 

Contrary  to  the  ideas  prevalent  in  the  United  States,  European  gov- 
ernments hold  but  a  small  fraction  of  the  forest  area  and  do  not  con- 
trol, except  in  special  cases  and  within  certain  limitations,  the  forest 
property  held  by  private  owners.  In  Germany  less  than  one-third  of 
the  forest  area  is  managed  by  the  government,  and  19  per  cent  owned 
by  communities  and  corporate  institutions  is  under  more  or  less  direct 
control  (mostly  advisory)  of  the  government.  Nearly  one-half,  there- 
fore, is  in  private  hands  and  beyond  control. 

Since,  however,  much  of  this  private  forest  area  has  been  held  for 
centuries  in  large  estates,  its  management  is  of  a  conservative  kind, 
and  being  administered  by  trained  foresters,  is  often  as  good  and  some- 
times superior  to  the  government  management ;  the  eflQcient  ofiBcers  of 
the  government  frequently  aiding,  with  their  counsel,  the  private  own- 
ers. In  the  western  provinces  and  southern  states  the  farmer  owns  his 
wood  lot  in  fee  simple,  just  as  the  American  farmer  does,  but  having 
learned  the  value  of  keeping  his  wood  lot  in  a  continually  paying  and 
reproducing  condition,  he  reaps  from  it  as  regular  an  income  as  from 
his  other  crops. 

In  Austria  not  more  than  13  per  cent  of  the  forest  area  is  under 
government  administration.  The  sad  and  disastrous  consequences 
which  the  reckless  devastation  and  abuse  of  these  mostly  mountain 
forests  by  their  private  owners  has  brought  upon  whole  communities 
adjoining  have  lately  led  to  a  more  stringent  and  general  supervision 
of  the  management  of  communal  and  private  forests  by  the  government 
than  elsewhere.    In  Switzerland,  since  1874,  the  federal  government, 
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while  owning  but  little  over  4  per  cent  of  the  forest  area,  exercises 
supervision  over  the  6G  per  cent  of  communal  forests.  Private  forests, 
when  not  classed  as  protective,  are  only  prohibited  from  being  cleared. 

In  Italy,  where  the  government  owns  only  l.C  per  cent  of  the  forest 
area,  a  new  law  was  passed  in  1888  by  which  reforestation  of  the  desert 
mountain  lands  is  made  obligatory,  the  government  contributing  three- 
fifths  of  the  cost  and  expert  advice,  or  else  reserving  the  right  to  ex- 
propriate and  reforest  on  its  own  account. 

The  law  is  drawn  in  a  liberal  spirit  toward  the  owners,  but  with  full 
recognition  of  the  need  and  justi  ce  of  restricting  the  foolish  and  willful 
exercise  of  their  property  rights,  where  this  is  bound  to  injure  the  com- 
munity at  large. 

In  France  10  per  cent  of  the  forests  is  held  by  the  government,  and 
27  per  cent  owned  by  communities  are  under  its  control.  Private 
property  is  only  under  supervision  where  special  reasons  can  be  shown 
that  indiscriminate  cutting  is  dangerous  to  the  community. 

In  Spain,  which  has  perhaps  suffered  more  from  the  effects  of  forest 
destruction  than  any  other  country,  the  state  owns  only  4.5  per  cent, 
but  controls  the  communal  forests,  representing  80  per  cent,  to  some 
extent. 

In  the  Scandinavian  forests,  15  to  20  per  cent  of  which  are  owned 
and  managed  by  government,  there  is  hardly  any  more  forestry  prac- 
ticed than  in  Maine,  where  some  owners  restrict  the  cutting  of  trees  to 
certain  sizes. 

The  same  may  be  said  of  Russia.  The  crown,  however,  owns  about 
two-thirds  of  the  forest  and  has  begun  some  management.  The  private 
owners  are  entirely  unrestricted,  and  cut  their  timber  imprudently 
and  improvideutly,  without  regard  to  reproduction,  and,  as  far  as 
methods  of  using  their  forest  property  are  concerned,  stand  about  on  a 
level  with  the  American  timber-land  owner. 

England  has  practicall  y  no  forests  of  extent,  only  3  to  6  per  cent 
covered  by  plantations.  Its  equable  climate  and  configuration  have 
not  made  this  deficiency  felt,  but  public  interest  has  lately  been  directed 
to  the  profitableness  of  forest  growing  on  waste  places  and  more  atten- 
tion is  being  paid  to  sylviculture.  In  India  the  government  has  estab- 
lished a  full  forest  administration,  which  nets  annually  several  million 
dollars. 

ADMINISTRATIVE    CONSIDERATIONS. 

In  carrying  on  forest  management  on  a  large  scale  and  over  exten- 
sive areas  there  is,  as  in  every  such  business,  need  of  a  well-organized 
administration,  which  involves  the  organization  of  a  service,  the  prepa- 
ration of  working  plans,  determining  the  manner  in  which  the  crop  is 
to  be  harvested  and  disposed  of,  the  expenditures  for  desirable  roads, 
and  other  improvements,  etc. 
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To  give  an  insight  as  to  what  government  forestry  involves,  a  brief 
description  may  be  of  interest,  especially  as  in  several  States,  notably, 
in  New  York,  and  also  for  the  United  States  timber  lands,  forest  admin- 
istrations are  proposed. 

As  far  as  organization  of  a  service  is  concerned,  this  must,  of  course, 
vary  according  to  social  conditions,  and  in  a  State  administration,  ac- 
cording to  political  methods;  furthermore,  according  to  the  size  and 
location  of  the  forest  areas'  and  the  intensity  and  thoroughness  with 
which  they  can  or  are  to  be  managed  and  many  other  local  conditions. 

Taking  the  Prussian  forest  department  as  an  example  of  a  first- 
class,  tolerably  intensive  forest  administration,  we  find  it  thoroughly 
systematized.  Bach  province  has  a  fully  equipped  separate  adminis- 
tration, and  all  of  these  are  under  the  general  central  direction  at 
Berlin. 

The  latter  is  connected  with  the  ministry  of  agriculture  and  consists 
of  one  director  and  four  subdirectors,  each  acting  for  a  definite  section 
of  the  empire. 

The  director,  with  the  advice  of  the  subdirectors,  determines  the  gen- 
eral policy  and  principles  of  administration,  looks  after  the  personnel 
and  directly  after  the  forest  schools,  and  has  practically  the  final  deci- 
sion on  all  matters  that  can  not  be  settled  by  the  provincial  boards. 

In  each  province  there  are  two  or  three  government  seats,  and  at 
each  seat  there  is  a  local  direction,  inspection,  and  control  under  one 
director,  the  overforestmaster,  with  a  number  of  forestmasters  to  assist 
him,  each  of  these  being  charged  with  the  inspection  and  control  of  the 
administration  of  a  number  of  forest  districts. 

The  latter,  being  forest  areas  ranging  at  from  5,000  to  30,000  acres 
in  extent,  are  under  the  direct  charge  of  the  resident  local  managers 
(Oberfoerster),  who  are  directly  responsible  for  the  execution  of  work- 
ing plans  and  everything  connected  with  the  management  of  their  dis- 
trict. Under  their  command  there  are  a  number  of  foresters,  each  in 
charge  of  a  subdistrict,  to  act  as  guards  and  to  superintend  the  work 
in  the  forest.  This  force  is  increased  by  guards  temporarily  employed 
and  by  numerous  aspirants  for  positions,  who  are  also  temporarily  em- 
ployed as  assistants. 

All  money  transactions  involving  cash  are  carried  on  through  the 
agents  of  the  treasury  department,  upon  the  draft  of  the  district  man- 
ager with  reference  to  the  particular  position  provided  in  the  working 
phms,  so  that  no  forest  officer  handles  any  money. 

There  exists  also  at  the  central  direction  a  special  bureau  for  revision 
of  working  plans. 

In  this  way,  for  the  forest  property  of  about  6,000,000  acres  belong- 
ing to  the  state  of  Prussia,  there  are  employed,  besides  some  clerks,  etc., 
nearly  5,000  officers,  namely,  5  directors,  125  supervising  inspectors  or 
controllers,  680  resident  managers,  and  4,000  foresters  and  guards,  nearly 
900  of  this  number  having  received  a  high  technical  education,  the 
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total  cost  of  this  service  being  about  $2,500,000,  or  34  per  cent  of  the 
total  ex[)euditure,  aud  not  more  than  20  per  cent  of  the  gross  receipts. 

WORKING  PLANS.  - 

In  making  up  working  plans  for  a  large  forest  area,  considering  the 
fact  that  the  crop  matures  only  in  GO  to  150  years,  more  or  less,  it  stands 
to  reason  that  a  general  plan  for  the  whole  time  of  production  and  a 
special  working  plan  from  year  to  year  is  necessary.  And  in  planning 
both  technical  aud  financial  consideratious  must  be  consulted. 

For  a  forest  administration  on  a  large  scale,  and  especially  for  a  state 
forest  administration,  the  management  should  produce  from  year  to  year 
about  the  same  amount  of  reveuue  and  involve  the  same  amount  of  ex- 
penditure. 

Especially  is  it  desirable,  although  technically  by  no  means  necessary, 
that  neither  less  nor  more  wood  be  cut  than  grows  annually,  so  that 
there  is  a  continuous  production  of  about  the  same  amount  forever. 

To  determine  what  that  amount  is  requires  a  considerable  knowledge 
of  the  conditions  of  the  forest  and  the  rapidity  with  which  the  annual 
wood  growth  accumulates. 

As  stated  before,  it  is  not  wood,  but  wood  of  certain  quality,  and  the 
largest  amount  at  least  expense  per  acre,  that  forest  management  is 
after.  Now,  the  quality  as  well  as  the  greatest  quantity  of  wood  is  to 
be  found  in  a  tree  of  certain  age,  and  while  this  age  may  vary  for  dif- 
ferent kinds  of  trees  and  different  localities,  it  is  approximately  deter- 
minable when  it  is  most  advantageous,  alike  for  quality,  quantity,  and 
cost  of  production,  to  cut  the  tree  or  the  forest.  The  time  from  the  seed- 
ling stage  to  the  mature  tree  ready  for  the  ax  is  called  the  "  rotation." 
If  we  say  this  pine  forest  is  managed  under  a  rotation  of  100  years,  it 
means  that  we  allow  each  tract  to  grow  to  100  years  before  we  cut  the 
trees,  or  that  we  expect  to  return  for  a  new  crop  within  100  years  to 
the  same  acre  we  have  just  cut.  Now,  if  we  desire  to  cut  an  even 
amount  every  year,  say,  for  instance,  one  acre  of  100-year-old  pine,  we 
would  need  to  have  100  acres  of  pine,  each  acre  differing  in  age  by  1 
year. 

This  would  be  an  ideal  or  normal  forest,  in  which  we  also  suppose  an 
equal  annual  normal  accretion.  In  such  a  normal  or  ideal  forest  there 
must  be  at  the  outset  a  certain  amount  of  wood  standing,  which  is  the 
stock  upon  which  theyearly  accretion  accumulates,  and  may  be  called  the 
normal  stock  or  normal  reserve.  It  consists,  of  cou  rse,  of  the  sura  total 
of  wood  on  each  acre  from  the  1-yearold  to  the  100-yearold,  and  its 
amount  is  readily  figured  out  if  we  know  the  difference  in  amount  of 
wood  between  each  acre  or  the  normal  accretion  per  acre  from  year  to 
year;  for  it  is  one-half  this  amount  multiplied  by  the  number  of  acres, 
or  what  is  the  same,  the  years  of  rotation.  In  our  example,  for  instance, 
with  a  pine  forest,  which  we  work  under  a  lOOyear  rotation,  if  we 
assume  that  there  is  an  annual  normal  accretion  of  50  cubic  feet  per 
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acre,  tbe  normal  reserve  would  figure  100  x50-f-2=2,500  cubic  feet  per 
acre.  This,  then,  is  the  average  amount  per  acre  wliiuli  we  sboultl 
strive  to  keep  in  stock  in  order  to  insure  an  equal  annual  amount  of 
growth  or  an  equal  annual  cut. 

In  reality  this  ideal  of  course  is  never  reached,  but  it  serves  as  a 
guide  in  the  working  plans,  and  the  conception  is  a  most  important  and 
useful  one. 

Thus  in  bringing  a  mismanaged  forest  growth  under  management  for 
continuity  we  may  find  the  stock  of  reserves  to  be  either  above  or 
below  the  normal,  and  hence  we  may  either  cut  more  or  less  than  the 
normal  accretion,  ufitil  the  reserves  are  brought  down  or  up  to  or  near 
the  ideal. 

The  working  plans  must  also  include  the  propositions  for  improve- 
ment for  new  cultures  on  denuded  areas,  etc.  Oue  of  the  most  impor- 
tant improvements  is  the  construction  of  properly  situated  and  well- 
kept  roads  or  other  means  of  transportation.  In  European  forests  the 
"  road  net,"  as  a  rationally  disposed  system  of  roads  is  called,  is  con- 
sidered  of  prime  importance.  Accessibility  to  markets,  easy,  cheap, 
and  permanent  means  of  transportation  furnish  the  keynote  of  profit- 
able forest  management. 

The  method  of  marketing  the  crop  is  another  matter  of  administra- 
tive consideration.  This  can  be  done  either  by  selling  the  crop  on  the 
stump  or  by  shaping  it  and  placing  it  on  the  market  either  in  the  woods 
or  in  the  stores. 

To  the  first  method  there  is  considerable  objection  for  the  reason  that 
in  cutting  for  reproduction  there  is  need  of  careful  handling  of  the 
timber,  and  it  requires  much  undesirable  supervision  if  private  parties 
do  the  logging,  while  tbe  administration,  logging  on  its  own  account, 
can  better  control  tbe  manner  in  which  it  is  done.  In  most  Euro, 
pean  administrations  tbe  cutting  is  done  by  tbe  administration;  each 
log  is  measured  and  numbered  and  each  cord  is  also  numbered,  and 
after  public  announcement  tbe  wood  cut  in  a  certain  district  is  sold  at 
auction  by  numbers  to  the  highest  bidder,  lumbermen  and  other  wood 
consumers  having  an  equal  chance. 

The  surveying  and  mapping  and  the  districting,  manner-of  employ- 
ing labor,  leasing  privileges,  etc.,  are  other  administrative  matters. 

This  will  be  enough  of  tbe  principles  and  detail  of  forest  manage- 
ment to  give  an  idea  of  what  it  is  and  what  it  involves. 

PROFITABLENESS  OF  FOREST  MANAGEMENT. 

The  question  whether  forest  management  is  profitable  can  no  more  be 
answered  in  general  than  the  question  whether  agriculture  or  auy 
other  business  is  profitable.  It  depends  upon  many  conditions  which 
differ  in  each  case. 

Broadly  speaking,  when  we  consider  that  tbe  forest  occupies  or  ought 
to  occupy  ground  that  is  not  good  for  anything  else,  that  after  being 
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started  it  grows  without  involving  work,  except  such  as  yiehls  valuable 
material,  it  will  be  conceded  that  the  small  exertion  necessary  to  pre- 
vent the  soil  from  being  laid  waste  or  occupied  by  inferior  brush  must 
be  well  repaid. 

There  are  examples  enough  to  be  found  in  the  United  States  where 
even  forest  planting  in  a  small  way  has  proved  profitable;  forest  man- 
agement on  a  large  scale  does  not  as  yet  exist. 

To  show  what  the  financial  results  of  management  on  a  large  scale  are 
abroad,  it  may  be  of  interest  to  add  a  few  illustrative  statistics,  and  it 
will  be  especially  noteworthy  in  tJiese  what  wide  differences  in  expendi- 
tures and  results  there  are  to  be  found  over  so  small  a  territory.  These 
diflerences  are  due  to  differences  of  market  facilities  and  intensity  of 
n)anii;ii'nic'iit  ami  also  to  forest  conditions. 
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.11 
.33 
.21 
.12 
1.14 


$0.96 
1.19 
2.63 
4.11 
2.90 
4.40 


In  fourteen  skate  forest  administrations  of  Germany,  covering 
10,000,000  acres,  the  cut  during  10  years  was  55  solid  cubic  feet  per 
acre  per  year,  of  which  27  per  cent,  or  about  15  cubic  feet,  was  lumber- 
wood,  equal  to  about  120  feet  board  measure. 

Figured  on  such  basis  of  55  cubic  feet  of  normal  annual  accretion 
and  a  rotation  of  80  to  100  years,  the  total  normal  wood  reserves  on 
these  state  forest  lands  would  be  in  round  numbers  24,750,000,000 
cubic  feetj-worth,  at  5  cents  per  foot,  the  average  stumpage  value, 
$1,250,000,000.  The  net  income  from  these  lauds  averages  $31,500,000, 
namely,  $29,000,000  for  wood  and  $2,500,000  for  other  uses,  or  $3.15 
per  acre,  or  only  2i  per  cent  on  the  value  of  the  wood  reserves  figured 
at  $125  per  acre.  From  this  it  will  be  seen  that  a  considerable  amount 
of  capital  is  tied  up  in  the  wood  reserves  and  brings  only  a  motlerate 
income.  On  such  a  large  area,  to  be  sure,  there  are  many  parts  that 
produce  but  little  and  which  depress  the  general  results,  areas  which 
are  man.tged  for  cultural  and  economic  reasons  and  for  the  protection 
of  watersheds,  but  which  do  not  produce  such  revenues  as  would  tempt 
the  majority  of  private  men,  and  hence  the  more  reason  for  state  own- 
ership of  these. 
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That,  however,  it  is  more  profitable  than  otherwise  to  the  farmer  to 
keep  his  wood  lot  in  fair  producing  condition,  and  to  the  timber-land 
owner  to  avoid  all  wasteful  use  of  his  property  which  prevents  natural 
reforestation  must  be  as  patent  as  that  a  herd  of  cattle  producing  calves 
is  more  profitable  than  one  which  is  barren. 

[There  followed  in  the  original  address,  of  which  this  paper  forms  a 
part,  a  discussion  of  the  problem  now  before  the  State  of  New  York  of 
reserviug  the  Adirondack  forest  lauds  as  a  State  domaiu. 

The  proper  organization,  involving,  an  expenditure  of  $400,000,  or  18 
cents  per  acre  as  against  48  to  87  ceuts  in  German  states,  and  the  net 
financial  results  were  stated.  It  was  shown  that  the  stumpage  of  the 
2,500,000  acres  to  be  reserved  would  be  worth  now  $25,000,000,  and  that 
an  annual  net  income  above  expenses  of  administration  and  improve- 
ments of  over  $1,000,000  should  result  from  a  conservative  manage- 
ment.] 


III.  FOREST  PLANTING  IN  A  TREELESS  COUNTRY. 

To  see  the  prairie  and  the  plains  is  to  know  their  needs.  To  travel 
over  them,  even  for  a  day,  will  make  you  feel  their  greatest  want — the 
want  of  trees.  Wind  swept  every  day,  every  hour,  the  comparative 
calm  which  even  a  single  row  of  trees  creates  affords  relief  from  the 
perpetual  activity  of  the  air  beyond  the  influence  of  the  wind  break. 
Man,  beast,  and  plant  are  constantly  being  dried  out;  evaporation  can 
hardly  keep  the  thirsty,  ever-  moving  atmosphere  supplied  with  mois- 
ture, and  many  a  rain  only  touches  the  ground  to  be  at  once  evaporated 
and  returned  to  the  clouds. 

The  "  treelessness  "  of  the  central  plains  has  been  explained  by  the 
deficient  rainfall  and  consequent  arid  conditions  of  these  localities,  and 
until  lately  it  has  been  doubted,  and  even  now  there  are  people  who 
doubt  the  possibility  of  growing  trees  and  forests  in  those  localities 
without  irrigation. 

For  a  large  part  of  this  region  I  do  not  share  these  doubts,  nor  do  I 
believe  that  original  aridity  alone  accounts  for  the  condition  in  which 
we  find  this  large  region  at  present.  As  everything  in  nature  is  the 
result  of  a  complication  of  conditions,  so  we  may  not  dismiss  such  a 
phenomenon  as  a  forestless  area  of  several  thousand  square  miles  with 
the  simple  explanation  that  it  was  too  dry  for  tree  growth.  The  fact 
that  this  area  is  not  absolutely  treeless  goes  far  to  support  the  proposi- 
tion that  it  was  not  always  forestless ;  and  the  mining  of  pine  timber 
out  of  the  sand  hills  of  Nebraska  proves  the  proposition  beyond  doubt 
for  that  section  at  least. 

It  is  not  the  speculation  of  mere  curiosity  to  inquire  into  the  causes  of 
the  absence  of  forests  in  this  region  ;  it  is  a  practical  question ;  for  if  we 
understand  the  causes  which  produced  the  present  conditions  we  gain 
an  insight  into  the  possibilities  of  remedying  them;  we  may  learn 
whether  nature  decreed  that  this  area  shall  forever  be  exposed  to  the 
heating  of  the  sun  and  sweeping  of  the  winds  or  whether  we  may  rea- 
sonably expect  to  cover  its  nakedness,  and  what  are  the  difficulties  in 
the  way ;  we  shall  have  a  basis  for  our  methods  in  the  attenii)t  to  re- 
clothe  these  areas  with  forest  growth. 

The  entire  earth  may  be  said  to  be  a  potential  forest.  That  is  to  say, 
if  the  interference  of  animal  life  and  man  were  excluded  in  the  struggle 
for  existence  among  the  different  forms  of  vegetable  life,  wherever 
sufficient  depth  for  its  roots  exists  and  winter  cold  does  not  preclude 
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it,  arborescent  jjrowth  would  ultimately  prevail  on  account  of  the  peren- 
nial character  of  this  kind  of  vegetable  life  and  its  power  to  shade  out 
the  lower  vegetation.  In  a  large  part  of  the  world  this  victory  is  seeu 
to  be  attained  in  a  few  years,  or  at  least  in  a  lifetime.  In  other  parts 
it  may  take  geological  ages  to  establish  the  arborescent  growth  against 
the  lower  vegetation  and  against  unfavorable  climatic  conditions.  JSuch 
are  mainly  the  interiors  of  large  continents  and  those  localities  which, 
for  cosmic  and  orographic  reasons,  have  a  climate  unfavorable  to  vege- 
tation in  general.  This  unfavorableness,  as  a  rule,  is  mainly  to  be  found 
in  moisture  conditions — not  necessarily  deficient  rainfall,  but  an  unfavor- 
able balance  between  the  factors  of  conservation  and  of  dissipation  of 
moisture.  In  such  localities  the  progress  of  the  forest  growth  contend- 
ing for  supremacy  must  be  a  gradual  advance  from  the  more  favored 
border  land,  but  the  extension  of  its  area,  if  not  interfered  with  by  man 
and  beast,  though  slow,  is  as  certain  as  in  the  more  favored  localities, 
where  it  proceeds  rapidly. 

It  is  conceivable,  then,  that  while  admitting  the  unfavorable  rainfall 
and  moisture  conditions  in  parts  of  this  region  as  a  potent  cause  in 
making  forest  extension  difiicult,  this  extension  would  yet  have  taken 
place  if  fire  and  the  tramp  and  browsing  of  buffaloes  had  not  prevented 
it;  or,  since  the  scattered  tree  growth  found  on  this  area  suggests  that 
forest  growth  once  existed,  it  would  now  exist  if  fires  had  not  destroyed 
mnch  of  it,  thus  disturbing  the  conditions  which  were  favorable  to  the 
conservation  of  the  scanty  moisture,  reforestation  being  prevented  by 
continued  fires  and  countless  herds  of  browsing  and  soil  compacting 
bufialo. 

Where,  during  the  months  of  vegetation.  May  to  August,  the  relative 
humidity  of  the  air  sinks  as  low  as  50  per  cent  and  the  rainfall  is  less 
than  2  inches,  it  may  be  questioned  whether  tree  growth  could  main- 
tain itself  before  the  conditions  of  the  surrounding  country  have  been 
in  a  measure  modified  ;  or  unless  we  may  be  able  to  find  and  introduce 
species  not  native,  which,  like  some  of  the  desert  trees,  the  tamarisk, 
for  instance,  can  exist  for  several  years  without  rainfall. 

There  is  a  very  peculiar  and  intimate  connection  between  vegetation 
(especially  forest  vegetation)  and  climatic  conditions.  Most  naturalists 
will  tell  you  that  vegetatidu  depends  upon  climate.  So  it  does ;  but 
there  is  also  a  reaction  of  vegetation  upon  climatic  conditions,  and  this 
truth  is  strikingly  expressed  by  the  poet,  who  speaks  of  "Africa's  arid 
sands,  where  nothing  grows  because  it  does  not  rain,  and  where  it  does 
not  rain  because  there  nothing  grows."  This  sounds  like  a  paradox, 
.and  yet  it  is  true;  there  is  such  a  relation  between  the  forest  cover 
which  shades  the  ground,  and  the  changed  temperature  and  water  con- 
ditions of  soil  and  air  under  its  cover,  as  to  favor  its  own  development, 
so  that  we  can  say  "  the  forest  creates  its  own  favorable  conditions  of 
growth."  But  it  is  not  the  single  tree  that  has  such  an  eflect,  nor  a  few 
scattered  trees;   it  is  by  effective  shading  of   the  ground  that  the 
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change  of  couditions  under  the  forest  cover  is  brought  about,  it  is  by 
masses  of  trees  that  the  sun's  power  is  broken,  and  it  is  by  large  areas 
distributed  over  the  vast  expanse  that  ultimately  the  force  of  the 
winds  will  be  broken. 

I  can  not  too  strongly  impress  you  with  this  idea,  that  it  is  a  mass 
effect  which  we  expect  from  the  forest  cover.  Not  only  will  our  plan- 
tation be  more  successful  if  we  start  it  with  this  idea  fully  before  us, 
that  it  must  create  "  its  own  favorable  conditions  of  growth  "  and  soon 
become  selfsupporting,  but  its  effects  upon  the  surroundings  will  be 
more  readily  felt  the  denser,  the  larger  it  is,  and  the  closer  the  neighbor- 
ing plantations  which  add  to  the  general  effect.  Where  the  single  tree 
perishes  the  forest  may  live ;  here,  too,  "  in  union  is  strength." 

FOREST  COVER  AND  MOISTURE. 

For  a  large  part  of  this  now  almost  treeless  area  moisture  conditions 
will  not  necessarily  be  a  check  to  tree  growth. 

We  know  by  experience  that  a  naked  soil  loses  by  evaporation  more 
than  six  times  the  amount  of  moisture  that  it  would  under  the  shade  of 
a  forest  cover.  Hence,  if  we  have  once  established  a  proper  forest 
cover,  if  we  have  succeeded  in  effectively  shading  the  ground  by  either 
the  foliage  of  the  trees  or  the  litter  and  mulch  of  the  decayed  leaves, 
and  a  check  to  the  sweep  of  the  winds,  the  amount  of  water  available 
for  the  tree  growth  is  increased  in  proportion.  What  we  must  never 
lose  sight  of  is  the  fact  that  evaporation  is  the  great  dissipator  of 
moisture,  and  that  a  dense  shady  forest  growth  reduces  tnis  evapora- 
tion. 

I  must  stop  long  enough  to  point  out  what  evaporation  means  to 
the  arid  or  subarid,  or,  shall  I  say  in  deference  to  my  friends  who 
do  not  want  to  be  regarded  as  quite  dry,  subhumid  regions.  If  we  com- 
pare the  rainfall  during  the  season  of  vegetation  in  eastern  and  western 
stations,  it  appears  that  there  is  not  much  deficiency,  if  any,  during 
that  season  on  our  western  plains,  and  quite  suflQcient  if  evaporation 
were  not  such  a  rapacious  robber.  This  enormous  amount  of  evapora- 
tion is  not  alone  due  to  heat  and  direct  insolation,  but  mainly  to  the  con- 
stant movement  of  the  air,  the  incessant  winds  which  take  uj)  and  dis- 
perse the  moisture. 

From  the  interesting  experiments  recorded  in  the  annals  of  the 
Weather  Bureau  the  dependence  of  the  rate  of  evaporation  on  the  ve- 
locity of  the  wind  has  been  established.  With  the  air  at  a  temperature 
of  84  degrees  and  a  relative  humidity  at  50  per  cent  the  evaporation 
under  a  wind  of  5  miles  an  hour  will  be  2.2  times  as  rapid  as  in  the 
calm  air,  at  10  miles  3.8  times,  at  15  miles  4.9  times,  at  20  miles  5.7 
times,  and  with  a  wind  at  25  miles  velocity  the  rate  of  evaporation 
will  be  G.l  times  as  great  as  in  the  calm  air.  And  as  the  average  ve- 
locity of  the  wind  on  the  plains  may  be  set  down  as  12  miles  an  hour, 
there  is  probably  at  least  four  times  as  muQh  wdter  evaporated  aa^ 
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dissipated  as  where  the  winds  are  checked.  Hence  the  value  of  the 
windbreak  which  reduces  both  the  evaporation  from  the  soil  and  the 
transpiration  from  the  plant,  for  transpiration  is  also  accelerated  by 
the  motion  of  the  plant  under  the  influence  of  wind. 

The  hot  winds,  which  are  equally  as  characteristic  of  this  forestless 
region  as  the  blizzards,  sap  the  moisture  out  of  the  soil  as  well  as  out 
of  plant,  beast,  and  man,  for  both  are  dry.  It  is  summer  drought  as  well 
as  winter  drought  that  we  have  here  to  contend  with  ;  and  since  at  least 
the  hot  winds  have  been  proved  to  originate  within  this  very  region  (see 
a  very  full  paper  on  the  "  Hot  Winds  of  the  Plains,  ^  by  George  E.  Cur- 
tis, Kansas  State  Board  of  Agriculture,  report  1890)  and  are  undoubtedly 
due  to  its  nakedness,  we  come  to  the  conclusion  that  forest  cover  will 
not  only  check  the  sweep  of  these  winds  and  thereby  the  excessive  evap- 
oration, but  the  very  cause  of  these  winds  may  eventually  be  wiped 
oat. 

What  do  we  learn  from  these  considerations  to  help  us  in  forest- 
planting  on  the  plains  ?    Plainly  at  least  these  two  propositions : 

(1)  That  forest  plantations  in  large  blocks  have  more  chance  of  success 
than  small  clumps  of  single  trees,  since  large  plantations  alone  are  ca- 
pable of  becoming  self  sustaining  and  of  improving  their  conditions  of 
growth  by  their  own  influence  upon  moisture  conditions  of  the  soil  and 
air. 

(2)  That  we  must  not  only  plant  densely — much  more  densely  than  is 
the  common  practice — but  in  the  selection  of  kinds  give  predominance 
to  such  as  are  capable  of  quickly  and  persistently  shading  the  ground, 
creating  an  undergrowth  and  cover  that  will  prevent  evaporation  and 
thus  make  the  planting  of  the  light-foliaged,  quick-growing  valuable 
timbers  possible. 

NEED   OF   COOPEEATIVE  ACTION. 

I  can  not  here  refrain  from  expressing  my  sympathy  for  those  in  the 
front,  who  struggle  to  conquer  single-handed  these  vast  and  fertile  but 
climatically  ill-favored  regions.  While  their  reclamation  certainly  does 
not  appear  to  me  an  impossible  undertaking,  it  seems  almost  hopeless 
to  expect  it  from  the  pygmy  efforts  of  the  pioneer  settler,  lost  almost  in 
this  endless  treelessness. 

Without  means,  without  knowledge,  without  a  systematic  organiza- 
tion, without  a  well- conceived  and  methodically  executed  plan,  without 
cooperative  effort  in  close  battle  front,  victory,  if  attainable,  must  be 
bought  by  many  repulses,  disappointments,  failures,  and  even  those 
that  might  gain  a  firm  foothold  may  in  the  end  succumb,  because  their 
neighbors  failed  to  support  their  flanks. 

I  believe  that  forest-planting  is  one  of  the  necessary  requisites  to 
permanently  reclaiming  this  vast  domain ;  I  believe  that  reforesting 
this  large  area,  deforested  by  fire,  buffalo,  and  consequent  desiccation, 
is  not  impossible.    But  I  also  believe  that  success  can  be  forced  only 
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by  cooperation,  by  a  well-conducted  army,  attacking  the  enemy  under 
a  comprehensive  plan,  systematically  and  methodically  carried  out  by 
generalship,  commanding  knowledge,  means,  and  power,  such  as  a  gov- 
ernment alone,  be  it  State  or  General  Government,  can  command.  The 
present  plan  of  allowing  the  skirmisherd  to  waste  their  energy,  their 
lives,  is  cruelty  and  bad  generalship. 

HOW  TO  PLANT. 

Volumes  might  be  written  on  the  proper  methods  of  forest-planting 
on  the  plains.  I  shall  confine  myself  to  only  one  chapter,  and  of  this 
give  only  the  merest  synopsis,  namely,  the  one  on  the  selection  of  spe- 
cies for  planting,  with  reference  to  the  preservation  of  soil  humidity. 
For  in  this  chapter  we  learn  the  difference  between  tree-planting  and 
forest-planting,  a  difference  which  I  fear  has  not  found  much  consider- 
ation by  nurseyman  and  planters. 

To  establish  forest  conditions  must  be  the  first  aim  of  the  forest 
planter. 

Forest  conditions,  as  we  find  them  in  the  natural  forest,  consist  in 
dense  growth,  mixed  growth,  undergrowth.  By  so  much  as  any  one 
of  these  conditions  is  deficient  or  lacking,  by  so  much  is  the  forest  short 
of  the  ideal.  Eeduced  evaporation  is  forest  condition.  Shade  reduces 
evaporation.  Dense  growth  furnishes  not  only  straight  clear  timber, 
but  shade.  Mixed  growth  alone  can  preserve  a  continuous  shade  for 
a  long  time.     Undergrowth  assists  in  keeping  the  ground  shaded. 

The  forest  planter,  then,  may  learn  a  lesson  from  nature  in  recogniz- 
ing these  conditions  as  desirable  ones  and  worthy  of  imitation ;  but  he 
will  also  not  forget  that  man  is  wiser  for  human  ends  than  nature ;  that 
he  works  with  an  object  which  nature  does  not  recognize  j  that  he  must 
intelligently  improve  on  nature's  methods  to  reach  his  own  end,  which 
is  the  economical  production  of  material  or  conditions.  The  value  of 
time,  which  is  no  factor  in  nature's  calculations ;  the  value  of  land,  of 
which  nature  has  an  abundance,  make  it  necessary  for  man  to  intensify 
his  methods.  Thus  he  will  reduce  the  dense  growth  from  the  maximum 
of  nature's  planting  to  the  "optimum"  (most  favorable)  of  most  rapid 
and  plentiful  production  ;  he  will  substitute  for  the  chance  mixture  of 
species,  which  in  the  natural  forest  is  the  result  of  a  free  fight  for  ex- 
istence among  the  different  occupants  of  the  ground,  a  combination 
which  is  chosen  with  intelligence  and  to  produce  the  most  desirable 
results  in  the  shortest  time. 

In  this  selection  from  among  the  species  which  are  capable  of  thriv- 
ing in  this  locality  and  soil,  and  which  are  yielding  the  most  desirable 
material,  three  points  must  guide  the  planter  : 

(1)  Their  relative  capacity  for  preserving  and  increasing  favorable 
conditions ; 

(2)  Their  relative  dependence  for  development  on  light  and  shade  j 

(3)  Their  relative  rate  of  height  growth. 
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RELATION  OF  TREE  GROWTH  TO  LIGHT. 

The  first  point  is  possessed  in  the  highest  degree  by  the  evergreens 
and  by  those  deciduous  trees  which  have  a  dense  foliage  and  preserve 
it  dense  through  all  time.  There  are  not  many  of  these  latter,  for  a 
large  number  which  in  their  younger  years  have  a  full  foliage  thin  out 
with  increasing  age.  Besides,  by  the  suppression  of  the  lower 
branches,  which  are  not  capable  of  living  under  the  shade  of  the  crown, 
the  latter  is  removed  farther  and  farther  from  the  soil,  and  lateral 
crowding  also  kills  out  many  individuals ;  so  that  with  all  this,  sooner 
or  later  (according  to  species  and  soil  conditions),  the  crown  cover  is 
more  or  less  broken,  and  weed  growth,  rapid  humification  of  the  litter, 
and  increased  evaporation  is  the  consequence ;  e.  g.,  all  the  cottouwood 
plantations  outside  of  the  wet  bottoms.  The  same  deterioration  of  the 
soil  will  be  noticed  under  the  ash  and  the  black  walnut,  which  thin 
out  rapidly.  Soil  conditions  will,  to  be  sure,  modify  this  capacity  of 
retaining  a  dense  foliage,  and  on  a  fresh  deep  soil  even  the  thinly-foli- 
aged  trees  will  carry  a  fuller  crown. 

It  is  a  matter  of  observation  that  as  a  rule  the  trees  which  preserve 
a  full  dense  crown  are  the  ones  which  are  capable  of  thriving  under 
shade,  or  at  least  with  less  light  than  the  thinly-foliaged  ones ;  thus, 
a  yew,  a  spruce,  a  box  elder,  a  beech,  will  thrive  under  shade  where  a 
pine,  a  birch,  or  a  locust  can  hardly  exist.  There  are  some  exceptions, 
and  some  of  the  thinly-foliaged  trees,  like  the  oak,  can  vegetate  though 
not  thrive  under  the  shade  of  some  "  foregrown  "  tree.  In  fact,  one 
may,  according  to  the  different  degree  of  light  which  is  necessary  for  a 
thrifty  development,  range  the  species  so  that  those  at  the  top  of  the 
scale  may  be  called  light-needing  and  those  toward  the  bottom  shade- 
enduring. 

I  do  not  want  to  be  understood  that  any  of  our  forest  trees  thrive 
better  for  being  shaded.  Excepting  in  their  earliest  stages,  when  pro- 
tection against  heat  and  cold,  rapid  evaporation  and  transpiration,  is 
needed  by  some,  they  all  grow  best  in  full  enjoyment  of  sunlight ;  in 
fact,  the  rapidity  of  their  development  is  proportionate  to  the  amount 
of  foliage  which  is  at  work,  and  this  again  depends  upon  the  amount  of 
sunlight  at  its  disposal.  But  some  can  get  along  with  less  sunlight  j 
they  can  endure  without  much  detriment  a  more  or  less  dense  shade 
for  a  longer  or  shorter  period,  while  others,  under  the  influence  of  their 
own  crown  even,  thin  out  soon,  and,  if  shaded  by  neighbors,  are  ar- 
rested in  their  growth  and  killed  sooner  or  later.  The  time  when  the 
influence  of  light  conditions  is  most  potent  varies  with  different  species 
and  according  to  the  site,  so  that,  for  instance,  on  a  rich,  moist  soil  a 
light-needing  species  like  the  birch  will  endure  for  a  long  time  consid- 
erable shade,  which  on  a  poorer  soil  would  have  proved  detrimental. 

As  a  rule  you  will  not  find  among  the  undergrowth  of  oar  forests 
any  species  that  is  a  light-needing  ouet    Hence  culling  any  of  ow 
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thinly-foliaged  light-needing  trees,  such  as  the  white  oak  or  tulip  tree, 
means  killing  it  out,  since  it  can  not  reproduce  itself  and  thrive  in  the 
shade  of  its  foregrown  companions. 

It  is  evident  that  favorable  soil  conditions  can  be  preserved  only  by 
a  persistent  close  crown  cover,  such  as  the  leafy  species  furnish.  It  is, 
however,  not  necessary  that  the  crowns  should  all  be  on  the  same  level, 
all  of  one  story,  so  to  speak ;  on  the  contrary,  a  denser  cover  can  bo 
secured  if  individual  trees  or  groups  of  varying  heights  are  placed 
together.  Here,  then,  comes  in  the  consideration  of  the  relative  rate  of 
height  growth.  And  it  is  an  important  one  when  we  select  a  mixture 
or  combination,  for  if  we  were  to  place  together  on  an  equal  footing  a 
light-needing  with  a  shade-enduring  kind,  of  which  the  latter  is  a  more 
rapid  grower,  the  former  would  soon  be  killed  out.  Now,  as  a  rule, 
the  light-needing  species — but  by  no  means  all — are  at  first  more  rapid 
growers  in  height  than  the  shade  enduring ;  but  what  they  gain  in  ini- 
tial rapidity  they  lose  in  persistency ;  that  is  to  say,  they  do  not  grow 
to  as  great  a  height  as  the  leafy  kinds,  or  at  least  after  the  first  period 
of  rapid  growth  they  grow  only  slowly. 

Each  species  has  its  characteristic  curve  of  height  growth,  charac- 
teristic especially  in  regard  to  the  beginning  of  rapid  ascent,  to  the 
position  of  the  points  at  which  the  rates  of  growth  change  and  to  the 
point  of  culmination.  This  curve  is,  of  course,  modified  for  each  spe» 
cies,  according  to  the  site  upon  which  it  grows.  But  as  it  is  possible  to 
construct  a  scale  in  which  the  various  species  can  be  ranged  according 
to  their  relative  capacity  of  shade  endurance,  so  for  given  conditions 
and  periods  of  growth  they  can  be  ranged  in  regard  to  their  relative 
rate  of  height  growth.  In  this  way  I  have,  for  instance,  ranged  twelve 
kinds  that  are  used  in  prairie  planting  according  to  their  shade  endur- 
ance and  their  rate  of  height  growth  during  their  youth  : 


Aa  to  shade. 

As  to  rate  c 

1.  Box  elder. 

1.  Cottonwood. 

2,  Mulberry  (T). 

2.  Soft  maple. 

3.  Elm. 

3.  Elm. 

4.  Black  cherry. 

4.  Locust. 

5.  Osage  orange. 

5.  Honey  locust. 

6.  Catalpa. 

6.  Black  cherry. 

7.  Soft  maple. 

7.  Catalpa. 

8.  Locust. 

8.  Osage  orange. 

9.  Honey  locnst. 

9.  Box  elder. 

10.  Black  walnut. 

10.  Black  walnut. 

11.  Ash. 

11.  Ash. 

12.  Cottonwood. 

12.  Mulberry  (T). 

This  is  not  an  immutable  scale,  but  only  a  tentative  proposition,  and 
for  the  purpose  of  illustration  in  which  the  kinds  placed  widely  apart 
wHl  alone  really  retain  their  relative  positions.  We  will  find  at  the  top 
of  the  first  scale  the  most  shade-enduring  and  at  the  head  of  the  second 
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scale  the  most  rapid  growers  among  tbose  named.  If  we  can  make, 
therefore,  a  combination  of  these,  we  will  succeed  in  obtaining  the  two 
points  to  be  gained,  the  densest  crown  cover  in  varying  tiers,  and  the 
light-needing  kinds  overgrowing  the  shade-enduring,  which  allows  the 
largest  number  of  individuals  on  the  area. 

I  must  once  more  caution  you  against  accepting  the  above  scale  as 
definitely  correct.  Many  conditions  of  soil  and  climate  modify  the 
behavior  of  trees.  For  instance,  the  black  walnut  has  a  tolerably  dense 
foliage  when  quite  young,  but  except  on  rich  bottom  lands  it  thins  out 
very  soon,  and,  since  it  leaves  out  late  in  the  season  and  loses  its  foliage 
early  in  the  fall,  it  must  be  considered  as  one  of  those  which  do  not  fur- 
nish desirable  shade  conditions.  In  regard  to  its  height  growth,  too, 
it  may  vary ;  but,  as  far  as  my  observations  go,  while  it  shoots  up 
rapidly  at  first  in  the  prairie,  it  almost  stops  growing  when  12  or  15 
years  old.  On  the  whole  we  must  study  the  behavior  of  our  trees  still 
further  before  we  can  speak  with  assurance  as  to  the  best  selection  and 
combination.  But  we  can  formulate  the  principles  upon  which  proper 
selection  and  combination  rests,  and  having  then  concluded  never  to 
plant  one  kind  by  itself — which  is  the  unfortunate  practice  in  most 
prairie  planting — nor  to  i)lant  several  species  in  combination  without 
knowing  why  they  should  be  combined,  we  can  lay  down  the  following 
jules  for  making  the  selection : 

HOW  TO  MIX. 

Rule  1. — The  main  growth,  i.  e.,  the  one  that  occupies  the  larger  part 
of  the  ground,  must  be  of  a  kind  that  improves  soil  conditions,  namely, 
a  densely  foliaged,  shade-enduring  kind,  which  does  not  lose  its  shad- 
ing capacity  with  age. 

Bule  2. — Densely  foliaged  kinds  may  be  grouped  together,  if  the  slow 
grower  will  endure  the  shade  of  the  rapid  grower,  or  can  be  protected 
against  its  supremacy  by  being  planted  in  larger  specimens,  or  in  ad- 
vance of  the  former,  or  in  larger  numbers,  or  if  its  gradual  killing  out 
after  it  has  served  its  function  of  soil  cover  is  not  objected  to. 

Bule  3. — Thinly  foliaged  kinds  should  never  be  grouped  together 
where  soil  humidity  is  to  be  preserved,  unless  no  leafy  tree  can  be 
found  to  fit  the  locality. 

Rule  4. — In  grouping  light  needing  with  shade-enduring  kinds,  the 
former  must  be  more  rapid  growers  or  must  otherwise  be  given  an  ad- 
vantage. 

Rule  5.— -The  mixing  in  of  the  thinly  foliaged  trees  is  preferably  done 
singly  and  not  in  groups,  unless  special  soil  conditions  necessitate  the 
latter  method. 

With  such  rules  and  considerations  in  mind,  the  proper  practice  in 
prairie  planting  is  indicated. 

The  first  and  main  object  to  be  attained  there  is  to  create  a  soil  cover. 
In  Russia,  under  very  similar  conditions  to  those  of  our  prairies,  it  has 
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become  the  practice  to  first  plant  a  shrub  of  little  or  no  value — a  low 
willow  {Salix pruinosa) — as  a  first  soil  cover  or  undergrowth  into  which 
the  desirable  forest  trees  are  planted  afterwards.  As  this  can  be  done 
only  by  hand  labor,  it  is  not  a  suitable  practice  for  our  conditions.  We 
might  use  the  common  bullberry  {Shepherdia  argentea)  for  such  an 
undershrub,  or  the  sand  plum,  which  I  know  has  done  good  service  as 
undergrowth.  But  we  have  in  the  box  elder,  or  Russian  mulberry,  or 
Osage  orange  (objectionable  on  account  of  thorns)  suflBciently  hardy 
and  shady  kinds,  and  not  entirely  devoid  of  value  for  their  wood,  that 
can  be  used  for  the  purpose.  Of  these  not  less  than  6,000  to  8,000  plants 
should  be  set  to  the  acre,  making  rows  3  feet  apart  and  2  feet  in  the 
row;  even  10,000  would  not  be  too  many,  for  rapid  shading  of  the 
ground  from  the  iuflueuce  of  the  sun  and  wind  is  the  key  to  success. 

Any  more  valuable  timber  that  is  to  be  planted  must  be  as  fast  a 
grower  as  or  faster  than  the  underwood  and  can  be  introduced  at  the 
same  time,  setting  the  plants  in  the  same  rows  at  the  ratio  of  not 
more  than  200  to  300,  or  every  12  to  15  feet,  alternating  in  the  rows. 
For  this  planting  the  very  best  rooted  stock  should  be  chosen :  Black 
locust,  honey  locust,  catalpa,  and  the  oaks,  and  special  care  taken  in 
planting  it.  In  deeper,  specially  favorable  situations,  the  black  wal- 
nut would  answer  for  this  selection.  The  black  cherry  also  promises 
to  be  a  most  valuable  addition.  Of  course  a  great  many  variations 
may  be  suggested. 

CONIFERS. 

Of  all  trees,  the  most  suitable  for  prairie  planting  and  for  planting 
in  the  dry  plains  are  beyond  doubt  the  conifers,  and  especially  the 
pines. 

There  are  two  reasons  why  they  should  be  chosen  preferably  to  others. 
First  of  all,  they  furnish  not  only  a  denser  cover,  lateral  and  vertical, 
but  a  cover  all  the  year  around,  being  evergreen.  Secondly,  they  re- 
quire less  water,  from  one-sixth  to  one- tenth  of  what  most  deciduous  trees 
transpire,  and  are,  therefore,  less  liable  to  succumb  to  drought.  In 
winter  they  will  hold  the  snow  more  efficiently  than  the  naked,  leafless 
kind,  thus  preserving  the  moisture  on  the  ground. 

Nature  has  given  us  indications  in  that  direction.  The  driest  soils 
everywhere  are  occupied  by  the  pines,  and  the  arid  slopes  of  the  Rocky 
Mountains  and  the  interior  basin  support  only  conifers,  especially 
pines  and  juniper.  From  Professor  Bessey  I  learned  only  to-day  that 
my  theory  regarding  the  former  forest  cover  of  the  plains  is  borne  out 
by  the  discovery  of  pine  forests  buried  in  the  sand  hills  of  northern 
Nebraska,  and  that  he  found  the  same  kind  of  piue  naturally  growing 
in  eastern  Nebraska,  whiieh  covers  the  Black  Hills  and  Rocky  Moun- 
tain slopes,  namely,  the  bull  pine  {Pinus  ponderosa). 

I  am  also  assured  that  in  artificial  plantings,  after  the  pines  are  once 
established,  they  rarely  succumb  to  the  severities  of  climate  in  Ne- 
braska J  and  I  have  certainly  seen  young  seedlings  of  the  bull  pine  thrive 
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most  wonderfully  in  a  dense  growth  of  weeds  and  grass  at  Franklin, 
Nebraska,  where  Mr.  0.  S.  Harrison  is  the  pioneer  of  conifer  growers. 

The  difficulty  in  their  use  lies  in  starting  the  plants;  for  as  little 
seedlings  they  are  remarkably  tender,  especially  as  regards  light  con- 
ditions. Under  strong  light  their  foliage  trausi)ires  more  moisture  than 
their  roots  can  supply.  On  the  other  hand,  if  left  in  the  nursery  until 
they  have  developed  the  strong  root  system  they  need,  difficulty  in 
transplanting  is  experienced,  and  the  greatest  pains  must  be  taken  not 
only  to  preserve  the  roots  uninjured,  but  to  bring  them  into  the  ground 
before  they  have  a  chance  of  drying  out. 

Yet  I  believe  all  pains  in  this  respect  will  be  crowned  by  success,  and 
if  I  were  to  direct  planting  in  Nebraska  I  should  use  largely  the  bull, 
the  Scotch,  and  the  Austrian  pines,  with  the  Douglas  spruce,  and  for 
undergrowth  the  hardy  and  shady  juniper;  the  Scotch  and  the  Aus- 
trian pines  mainly  because  they  can  be  had  more  cheaply  than  the 
others,  and  because  so  far  they  have  been  tried  the  longest  with  assured 
success.  This  list  may  no  doubt  be  extended  to  others  (such  as  given 
in  the  foot-note  below.)  * 

OTHER  CONSIDERATIONS. 

Besides  the  capacity  of  shading  the  ground  effectively  and  of  devel- 
oping satisfactorily  in  mixture,  other  considerations  which  should  iuflu- 
ence  the  selection  of  plant  material  are  adaptability  of  the  plants  to 
climate  and  to  soil,  root  system,  ease  of  propagation,  utility,  etc. 

The  first  two  considerations,  namely,  the  possibility  of  the  plant  to 
live  in  the  situation  in  which  it  is  placed,  are  matters  of  course. 

As  far  as  climatic  adaptation  is  concerned,  nothing  but  trial  will 
answer  the  question.  Since  we  found  that  the  bald  cypress,  which 
occurs  naturally  in  the  swamps  of  the  humid  Gulf  States,  was  the  only 
class  of  seedlings  that  withstood  the  drought  of  a  Texas  summer  two 
years  ago,  and  since  we  are  informed  that  the  bull  pine,  which  covers 
our  most  arid  plateaus  and  mountains,  suffers  from  drought  in  Ger- 
many, and  the  hardy  green  ash  from  frost,  we  may  admit  at  once  that 
we  know  but  little  as  to  climatic  adaptation,  and  trying  is  our  only 
method  of  determining. 

•  At  the  present  writiug  an  experimental  planting  with  ten  kinds  of  evergreens 
and  six  kinds  of  deciduous  trees  in  varying  combinations  has  been  undertaken  under 
direction  of  the  forestry  division  in  Holt  County,  Nebraska,  on  the  sand  hills  of 
that  region.  The  evergreens  used  are  :  Bull,  Banksian,  red,  white,  Scotch,  and  Aus- 
trian pine,  Engleman  and  blue  spruce,  Douglas  fir  and  arborvitai.  With  these  are 
mixed  the  following  deciduous  trees:  Locust,  box  elder,  cherry,  birch,  hackberry,  and 
red  oak. 

There  are  planted  four  plats  of  different  mixtures  and  distances,  with  from  6,200 
to  10,830  plants  per  acre,  the  wider  planting  to  be  cultivated,  the  closer  to  be  partly 
mulched,  partly  left  to  itself  for  the  sake  of  comparing  the  three  methods  under  ex- 
actly like  conditions.  The  planting  (in  the  loose  sand  with  good  supply  of  subsoil 
moisture)  was  done  in  furrows  without  previous  preparation  of  the  soil.  Planting 
with  the  spade  or  other  tool  without  any  plowing  would  also  have  been  tried  had 
time  and  opportunity  been  favorable. 
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This  mucli,  however,  may  be  maintained,  that  seeds  procured  from 
driest  and  coolest  localities  in  the  range  of  the  species  promise  seed- 
lings of  greater  hardiness  than  those  from  the  more  humid  and  warmer 
climates. 

We  need  in  our  treeless  regions  several  arboreta  for  trials,  carefully 
conducted,  of  adaptation  of  new  kinds. 

The  list  of  trees  which  have  been  tried  and  found  capable  of  more  or 
less  extended  use  is  already  quite  considerable  and  includes  the  fol- 
lowing: Of  conifers,  white  cedar,  white,  red,  Scotch,  Austrian,  and  bull 
pine,  Douglas  spruce,  and  farther  south  red  cedar  and  bald  cypress. 
Of  deciduous  trees  the  hardiest  seem  to  be  white  and  green  ash,  white 
elm,  white  and  yellow  birch,  box  elder,  soft  maple,  basswood,  besides 
the  cottonwoods,  Lombardy  poplar,  and  white  willow;  and  as  we  go 
southward  the  choice  increases  with  black  locust,  catalpa,  mulberry, 
black  cherry,  walnut,  some  oaks,  chestnut,  with  the  further  addition  of 
honey  locust,  Osage  orange,  pecan,  and  lastly  acacias  and  eucalyptus 
in  the  extreme  southwestern  latitudes. 

As  regards  adaptability  to  soil,  we  need  consider  only  the  physical 
conditions  of  the  soil,  for  forest  trees  require  such  small  amounts  ot 
mineral  matter  that  it  is  questionable  whether  a  soil  could  be  found  that 
does  not  contain  in  sufficiency  those  that  seem  necessary. 

Of  physical  conditions,  it  is  especially  the  depth,  the  grain,  and  mois- 
ture that  determines  adaptability  of  kinds.  While  we  may  say  that 
all  trees  will  grow  best  on  any  soil  which  is  deep  (that  is,  where  no  im- 
penetrable layer  of  rock  or  hardpan  or  soil  water  is  to  be  found  within, 
say,  3  to  6  feet  of  the  surface),  of  medium  grain  (not  so  compact  that 
water  and  roots  can  not  easily  penetrate,  nor  so  loose  or  coarse-grained 
that  it  can  not  hold  water),  and  with  an  even,  continuous  supply  of 
water,  there  are  some  trees  which  can  thrive  under  less  favorable  con- 
ditions. 

This  adaptation  is  probably  due  to  the  development  of  the  root  sys- 
tem of  these  trees,  but  at  the  same  time  no  doubt  to  the  amount  of 
water  required  by  the  foliage  to  satisfy  transpiration. 

For  planting  in  the  dry  regions  no  doubt  those  kinds  recommend 
themselves  which  develop  naturally  a  vigorous  root  system  into  the 
depth,  because  this  enables  them  to  utilize  the  percolating  moisture 
through  a  longer  space  of  time  and  over  a  larger  area.  The  black  lo- 
cust and  catalpa,  black  cherry,  the  oaks  and  maples,  and  the  pines,  with 
a  number  of  other  conifers,  have  such  root  systems  as  to  insure  success 
where  more  shallow-rooted  kinds  would  fail. 

It  would  lengthen  this  paper  beyond  the  bounds  of  the  present  inten- 
tion were  I  to  attempt  to  discuss  in  detail  the  merits  and  demerits  of 
those  species  which  have  proved  themselves  so  far  adapted  to  use  in 
these  regions,  and  still  further  of  the  many  which  still  await  trial.  Suf- 
fice it  to  admit  that  this  chapter  needs  still  much  more  material,  derived 
from  experiment  and  experience,  before  we  can  finish  it. 
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IffETHODS  OF  PLANTING. 

One  word  as  to  the  method  of  planting.  I  do  not  tbink  that  we  have 
by  any  means  found  the  best,  cheapest,  and  surest  way  of  planting,  and 
experiment  in  that  direction  also  would  pay.  The  well-recommended 
method  of  breaking  the  sod  in  June  and  plowing  thoroughly  in  the 
fall  for  planting  in  the  following  spring  is  open  to  several  objections, 
among  which  not  the  least  is  the  time  and  expense  of  this  cultivation. 

I  should  propose,  for  trial,  to  sim  ply  break  the  sod  in  June  and  sow 
millet  or  oats  thickly  to  make  a  close  stand  ;  this  will  secure  a  return 
for  the  labor  of  breaking.  The  millet  should  be  cut  with  a  high  stub- 
ble, which  may  be  expected  to  catch  the  winter  snow,  keep  down  weed 
growth,  and  act  as  a  mulching  the  next  season. 

Plant  next  spring,  as  early  as  possible,  in  trenches,  without  disturb- 
ing the  ground  between  trenches,  and  most  likely  cultivation  will  not 
be  necessary  the  first  season,  while  the  second  season,  with  our  dense 
planting,  the  trees  should  be  able  to  help  themselves.  In  this  manner 
I  would  expect  to  reduce  the  work,  and  also  to  reduce  evaporation  and 
to  secure  the  maximum  of  moisture  in  the  trenches,  where  it  is  most 
needed. 

Let  it  not  be  overlooked  that  there  is  this  difference  between  a  tree 
crop  and  an  agricultural  crop  :  The  latter  we  want  to  stimulate  as  much 
as  we  can  to  produce  the  utmost  in  one  season,  while  the  former  we  only 
want  to  establish.  Thorough  cultivation  no  doubt  does  this  effectively, 
but  is  it  the  best  and  the  only  method  ? 

It  also  stands  to  reason  that  what  is  best  to  do  under  one  set  of  con- 
ditions is  not  so  under  another  set.  While  in  the  sand-hill  region  of 
Nebraska,  with  a  moist  substratum  at  6  to  12  inches,  we  had  much  bet- 
ter leave  the  ground  undisturbed  for  the  reason  that  it  has  the  tend- 
ency to  blow  out,  and  on  the  other  hand  its  capillary  conductivity  is 
such  as  not  to  favor  evaporation  from  below,  a  heavy  loam,  which  is 
apt  to  bake,  shutting  itself  against  ready  percolation  of  water  from 
above  and  conducting  the  subterranean  supplies  to  the  surface  and  dis- 
sipating them,  necessitates  some  method  to  keep  its  granular  structure 
more  favorable,  either  by  cultivating  or,  much  better,  by  mulching. 

Certainly  systematic  experiments  in  the  method  of  forest-planting 
are  now  at  least  as  much  needed  as  in  the  selection  of  trees. 

The  mechanical  tree-planter,  of  which  I  exhibit  an  illustration,  has 
proved  that  you  can  go  even  on  the  raw  prairie  and  start  a  successful 
plantation  by  setting  the  trees  in  trenches,  leaving  the  rest  of  the  ground 
undisturbed,  the  precipitation  draining  into  the  trenches. 
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FOREST  PLANTING  A  WOEK  OP  INTERNAL  IMPROVEMENT. 

I  do  not  wish  to  conclude  without  suggesting  some  practical  applica- 
tion of  ray  remarks  which  it  would  be  well  for  such  a  body  as  your 
State  board  to  consider. 

If  I  am  right  in  believing  the  establishment  of  forest  belts  in  your 
State  an  indispensable  aid  to  permanently  successful  agriculture ;  if  I 
am  right  in  assuming  private  efforts  in  this  direction  unavailing  or  at 
least  accompanied  by  much  waste  of  energy  and  time ;  if  the  climatic 
amelioration  which  comes  from  a  systematic  disposal  of  such  forest 
areas  is  a  matter  which  concerns  the  general  welfare  of  your  State,  then 
I  contend  that  itmust  be  a  work  of  internal  improvement  which  it  is  the 
duty  and  function  of  the  State  to  undertake. 

It  may  not  be  the  present  policy  of  the  State  of  Nebraska  to  look 
after  the  needs  of  internal  improvement — even  the  United  States  does 
but  little  in  that  direction, — but  the  time  is  not  far  distant  when  we 
shall  have  a  higher  conception  of  the  functions  of  the  State  than  to  con- 
sider it  merely  a  policeman;  when  the  State,  the  cooperative  associa- 
tion of  all  citizens,  will  do  whatever  is  desirable  for  the  general  wel- 
fare, and  what,  if  left  to  private  enterprise,  is  not  done,  because  im- 
possible for  the  single  individual,  or  directly  unprofitable,  or  leading  to 
undesirable  monopolies. 

Forest  planting  for  climatic  amelioration  in  Nebraska  will  eventually 
be  one  of  those  public  works,  and  your  State  board  could  even  now  do 
nothing  better  for  forestry  than  to  formulate  and  advocate  a  plan  for 
public  forest  planting.  Such  work,  such  State  action  I  do  not  conceive 
to  be  carried  out  on  the  "  paternal "  plan,  although  even  this  would  be 
better  than  the  present  inactivity,  but  it  can  be  carried  out  on  purely 
business  principles.  After  the  general  plan  has  been  elaborated,  let 
each  county  by  a  commission  of  competent  men  designate  the  areas 
that  ought  to  be  put  into  forest,  and  the  areas  should  be  as  far  as  pos- 
sible nonagricultural,  the  poorest  soils.  Let  the  State  exercise  its 
right  of  eminent  domain  and  withdraw  such  lands  temporarily  from 
the  ownership  of  the  individual  for  purposes  of  public  utility  and 
transfer  it  to  the  county,  the  latter  taxing  itself  for  the  interest  and 
funding  on  this  expenditure  as  also  on  the  expenditures  by  the  State 
for  planting,  etc. 

Where  the  county  is  still  too  thinly  settled  to  sustain  such  a  charge, 
the  State  may  well  distribute  the  interest  and  funding  charges  in  such 
a  manner  that  they  are  made  proportionate  to  increasing  population. 

Let  the  State  by  its  own  officers,  under  direction  of  the  State  board 
or  other  control,  or  else  by  contract  with  private  parties,  establish  an 
efficient  forest  cover.  The  State  can  command  the  necessary  funds 
probably  at  5  or  6  per  cent,  while  the  private  individual  must  pay  from 
10  to  20  per  cent ;  the  State  engaged  in  this  enterprise  on  a  large  scale, 
can  also  do  the  planting,  etc.,  more  cheaply  and  more  efficiently. 
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After  10  or  15  years,  when  the  plantations  have  become  self-support- 
ing and  begin  to  yield  valuable  material,  the  former  owner  of  the  laud 
or  his  successor  may  be  given  opportunity  of  reclaiming  his  property 
by  repaying  price  received  for  the  land  with  interest  and  cost  of  plan- 
tation less  share  of  the  taxes  paid  toward  the  forest  improvement  fund  ; 
submitting,  however,  in  the  use  of  the  forest  growth  to  such  regulations 
as  seem  necessary  to  insure  continued  value  as  a  cover. 

By  some  such  plan,  in  which  I  can  not  see  anything  impracticable, 
the  advantages  of  cooperation  and  State  credit  are  secured,  and  yet 
those  who  are  directly  benefited  have  paid  for  it ;  at  the  lowest  rate, 
however. 

What  I  have  seen  of  the  enterprising  spirit  in  your  State,  and  espe- 
cially what  I  have  heard  of  the  management  of  your  board  this  after- 
noon, has  inspired  me  with  the  belief  that  it  is  not  chimerical  to  expect 
action  of  this  kind  from  your  public  spirit. 


IV.  EXPERIENCES  IN  TREE  PLANTING  ON  DAKOTA  PLAINS. 

[The  two  communications  which  are  here  appended  were  received 
from  two  correspondents  of  the  division,  who  have  had  some  experience 
in  tree  planting  on  the  prairies  of  Dakota.  While  it  will  be  found  that 
some  of  their  statements  and  deductions  are  not,  at  least  in  their  gen- 
eral application,  in  harmony  with  the  preceding  representations,  they 
are  nevertheless  given  in  full  just  as  they  were  written,  and  will  be  found 
interesting  as  giving  brief  and,  on  the  whole,  safe  detailed  directions 
which  may  well  supplement  the  preceding  general  considerations.] 

1.  TBEE  CULT  DUE  ON  THE  WESTERN  PLAINS. 
,  By  A.  M.  Thomson. 

I  am  asked  to  give  the  resnlte  of  my  observation  and  experience  in  tree  culture  dur- 
ing a  residence  of  6  years  in  North  Dakota.  I  assume  that  what  the  Department  wants 
is  such  knowledge  of  practical  experiments  made  on  the  ground  as  will  aid  the  setter 
on  these  wind-swept  prairies  in  starting  and  maintaining  a  grove  of  trees  that  will 
afford  him  protection  in  winter,  and  ultimately  fuel  and  timber  for  domestic  pur- 
poses. 

While  scientific  men  are  seeking  for  the  causes  that  prevented  the  natural  growth 
of  timber  on  the  barren  plains  of  the  West,  the  hardy  pioneer  who  has  gone  there 
with  his  family  to  stay  and  to  help  on  the  development  of  the  country  and  the  sta- 
bility of  the  Government  by  making  a  home  is  much  more  interested  in  the  impor- 
tant question,  "  How  can  I  raise  trees  to  supply  my  wants  T"  Any  man  who  can 
state  a  single  fact  which  will  throw  a  ray  of  light  on  the  general  subject  will  confer 
a  lasting  benefit  upon  tens  of  thousands  of  farmers  beyond  the  Mississippi  River  who 
have  been  trying  for  years  to  solve  this  problem  without  any  satisfactory  results  thus 
far. 

TUB  TRBE-CULTURK  LAW. 

It  is  an  open  secret  that  the  tree-culture  act,  now  repealed,  has  almost  totally 
failed  to  meet  the  expectations  of  its  authors;  that  not  one  claimant  in  a  hundred  in 
the  two  Dakotas,  and  the  remark  will  hold  good  equally  well  when  applied  to  other 
Western  States,  has  ever  succeeded  in  raising  trees,  and  that  it  has  simply  been  made 
the  convenient  and  lawful  cover  for  speculation  in  government  lands  by  both  resi- 
dents and  nonresidents.  Both  the  law  and  the  speculator  were  to  blame  for  this 
result. 

The  Government  offered  the  settler  160  acres  of  land  for  doing  precisely  what  any 
thrifty  man  on  the  prairies  would  naturally  do  on  his  own  motion,  though  perhaps  on 
a  smaller  scale,  the  cultivation  of  a  grove  of  trees  for  shade,  shelter,  ornament,  and 
use ;  but  the  defects  of  the  law  are  so  numerous  that  the  liberality  and  good  inten* 
tions  of  CongretM  have  utterly  failed  to  acoomplish  any  good  result. 
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Only  one  qnarter  section  can  be  entered  as  a  tree  claim  on  each  section,  leaving 
the  three  other  settlers  on  the  three  remaining  quarters  without  any  chance  to  be 
benefited  by  the  law  and  having  no  stimulus  to  raise  trees  beyond  what  their  own 
necessities  suggest.  The  first  man  at  the  land  ofiBce  gets  the  chance  of  the  Govern- 
ment's liberal  offer,  and  those  who  come  after  him  get  nothing.  It  would  have 
been  infinitely  better  for  all  concerned  if  the  Congressional  gift  had  been  smaller  in 
size  and  extended  in  some  way  to  every  man  who  settled  on  the  public  domain.  To 
properly  plant  and  cultivate  10  acres  of  trees  has  been  found  to  be  an  undertaking 
that  has  cost  the  farmer  more  than  any  other  method  yet  invented  to  acquire  160 
acres  of  Government  land.  The  reasons  will  appear  further  along  in  this  paper. 
The  number  of  acres  ought  to  be  limited  to  5  and  the  farmer  ought  to  have  been 
allowed  to  start  his  trees  in  the  nursery,  and  cultivate  them  there  until  2  or 
3  years  old  before  setting  them  out  in  the  grove,  and  the  time  that  they  were 
growing  in  the  nursery  ought  to  have  been  allowed  to  count  the  same  as  if  grown 
on  the  claim.  No  non-resident  ought  to  be  allowed  to  enter  a  tree  claim.  He  has 
used  it  in  this  way:  A,  in  Ohio  or  Vermont,  enters  a  tree  claim  in  North  Dakota.  He 
breaks  5  acres  the  first  year,  according  to  law,  crops  it  the  second,  but  does  not 
plant  it  the  third,  because  in  the  2  years  that  he  has  had  a  filing  upon  it,  it  has 
advanced  so  rapidly  in  price  that  B,  of  New  York  or  Indiana,  offers  him  around  sum 
for  his  relinquishment,  and  he  accordingly  relinquishes  his  right  to  the  claim  and  B 
files  upon  it.  B  does  not  begin  where  A  left  off,  but  treats  the  entry  as  an  original 
purchase  and  has  8  years  in  which  to  break,  sow,  plant,  and  raise  trees,  the  same 
as  if  A  had  never  seen  it.  At  the  end  of  2  years  B  finds  himself  with  the  same 
opportunity  for  selling  out  that  A  struck,  and  he  sells  out  to  C,  and  he  obtains 
possession  by  the  purchase  of  B's  relinquishment.  Four  years  have  already  elapsed 
since  the  first  entry  was  made  by  A  and  not  a  seed  has  been  planted.  Nor  was  it  the 
intention  of  either  A  or  B  to  raise  trees  at  any  time.  They  dickered  in  the  land  for 
the  sole  purpose  of  gain,  and  they  merely  took  advantage  of  the  loopholes  in  the 
law. 

Those  who  unfortunately  can  not  sell  their  claims  before  they  are  required  by  law 
to  plant  with  seeds,  cuttings,  or  trees  adopt  the  shortest  and  cheapest  method  of 
complying  with  the  letter  of  the  law  without  regard  to  its  spirit.  One  man  came  to 
me  in  November  to  borrow  money  and  offered  the  relinquishment  of  his  tree  claim  as 
security  for  the  loan.  When  asked  if  he  had  strictly  complied  with  the  requirements 
of  the  law  as  to  tree  claims  he  said  he  had ;  that  he  had  plowed  5  acres  the  first  year, 
cultivated  a  crop  upon  it  the  second  year,  and  had  planted  it  with  seeds  the  third. 
Being  questioned  more  closely  he  admitted  that  the  tree  seeds  were  sowed  broadcast 
with  an  oat  crop  and  that  he  had  not  seen  the  land  since  the  oats  were  harvested. 
He  did  not  know  whether  there  was  a  tree  on  his  claim  or  not,  but  he  had  planted  5 
acres  of  seeds  as  the  law  required,  and  could  no  doubt  have  obtained  witnesses  of  the 
fact  of  other  tree  claimants  around  him  who  had  dodged  the  law  themselves  in  a  similar 
manner.  A  large  majority  of  the  settlers  in  some  localities  are  in  the  same  boat,  and 
they  stand  by  each  other.  They  are  not  intending  to  raise  trees,  but  to  hold  the  land 
nntil  they  can  sell  out  to  advantage.  Many  of  the  first  filings  on  tree  claims  are  sold 
to  newcomers,  who  enter  them  as  homesteads  or  preemptions. 

In  Dakota,  before  the  admission  of  the  two  States,  the  Territorial  legislature  made 
an  honest  effort  to  supplement  the  act  of  Congress  to  encourage  the  growing  of  trees, 
and  passed  a  law  exempting  from  taxation  $1,000  worth  of  property  from  the  assess- 
ment of  any  farmer  who  would  plant  and  cultivate  a  certain  amount  of  ground  in 
trees  on  his  homestead.  Some  settlers  have  availed  themselves  of  the  privileges  of 
the  law,  and  in  the  course  of  time  it  may  stimulate  landowners  generally  to  plant 
treea. 
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TIIK   NATUKAL  OBSTACLES. 

The  man  who  removes  from  any  of  the  Eastern  States  or  Canada  to  the  trcelem 
plains  of  Dakota  and  imagiues  that  it  is  an  easy  matter  to  raise  trees  will  be  very 
much  disappointed  and  perhaps  disheartened  before  he  cuts  his  own  firewood  or  fences 
his  fields  with  posts  grown  under  his  own  eye.  Nothing  turns  out  as  he  anticipates. 
His  experience  in  Ohio,  Pennsylvania,  or  Wisconsin  goes  for  naught.  There  is  some- 
thing in  the  soil  or  in  the  climate  or  in  both  combined  that  seems  adverse  to 
tree  culture,  and  his  earlier  efforts  only  convince  him  that  there  is  "  no  excellence 
without  great  labor."  The  same  care  and  industry  that  produce  a  grove  of  trees  in 
Illinois  or  Iowa  20  feet  high  in  10  years  will  often  do  very  little  towards  that  result 
in  Dakota.  One  old  squatter  once  said  to  the  writer  that  "tryin'  to  raise  trees  on 
these  prairies  is  agin  natur,"  and  added  that  "  if  natur  intended  trees  to  grow  here 
they  would  have  been  here  before  the  country  was  settled."  The  answer  was  made 
that  the  same  might  be  said  with  equal  truth  as  to  the  growing  of  wheat. 

My  first  attempt  at  tree-raising  was  on  a  piece  of  ground  that  had  produced  two 
crops  of  wheat,  and  it  was  prepared  by  a  tUorough  plowing  8  ipches  deep.  Then  it 
was  marked  out  4  feet  apart  each  way  with  a  corn-marker  and  planted  with  box 
elder  tree  seeds,  the  work  being  done  about  the  middle  of  October.  I  had  no  expe- 
rience in  the  business,  neither  had  my  neighbors,  so  I  struck  out  by  guess  and  planted 
the  seeds  2  inches  deep,  or  about  the  depth  that  corn  is  usually  planted.  This  was 
my  first  mistake,  aud  it  is  sufficient  to  say  that  I  never  saw  the  sign  of  a  tree  on  the 
3  acres  thus  planted.  I  suspect  that  poor  seed  had  something  to  do  with  it,  but  sub- 
sequent experiments  convinced  me  that  very  few  tree  seeds  of  any  kind  will  germi- 
nate if  buried  at  a  depth  of  2  inches.  In  the  woods,  of  the  very  few  seeds  that  sprout 
of  the  millions  that  fall  to  the  ground  each  season,  they  get  but  a  very  slight  cover- 
ing, consisting  of  a  few  wet  leaves  or  a  little  dust  blown  over  them  by  the  wind.  My 
only  success  has  been  with  the  slightest  covering  that  it  was  possible  to  make.  One 
planting  that  I  made  I  instructed  the  men  to  use  no  hoes,  but  simply  cover  the  seeds 
with  a  little  dirt  drawn  over  them  with  the  foot.  They  were  instructed  to  cover  as 
shallow  as  possible,  and  on  the  ground  thus  planted  I  had  the  best  stand  of  trees. 
So  far  as  seeds  are  concerned  their  use  is  undoubtedly  the  cheapest  for  the  farmer  on 
the  start  in  helping  him  to  keep  within  the  requirements  of  the  law,  but  with  the 
general  average  of  people  I  incline  most  decidedly  to  the  opinion  that  cuttings  or 
small  trees  are  the  best  and  most  economical  in  the  long  run. 

It  is  still  a  dispute  concerning  the  length  of  time  that  tree  seeds  will  retain  their 
vitality,  but  I  would  not  plant  seeds  that  were  more  than  a  year  old.  By  far  the 
safest  way  is  to  gather  the  seeds  as  soon  as  ripe  and  plant  them  at  once,  or  at  least 
before  the  ground  freezes.  Large  amounts  of  box  elder  and  white  ash  seeds,  the  two 
most  common  varieties  that  are  used  on  tree  claims  in  the  two  Dakotas,  have  been 
sold  to  planters  after  having  been  kicked  about  the  nurseries  and  seed  stores  for 
years;  and  to  this  cause  alone  many  failures  may  fairly  be  attributed. 

Here,  for  example,  is  a  man  who  has  put  off  planting  until  the  last  moment ;  he 
must  plant  at  once  or  his  claim  is  liable  to  be  contested  on  account  of  his  failing  to 
comply  with  the  law,  so  he  buys  the  first  seeds  he  can  lay  his  hands  on,  summons  bis 
neighbors,  and  plants  bis  5  acres  of  trees.  He  may  know  or  suspect  that  the  seeds 
are  worthless  and  that  he  is  throwing  away  his  work,  but  he  is  complying  with  the 
law  (apparently),  and  his  neighbors  who  help  him  do  the  planting  are  all  ready  to 
swear  that  they  are  witnesses  of  the  fact  and  aided  in  doing  the  work.  He  may 
never  see  a  tree,  but  his  claim  is  safe  from  the  grasp  of  those  who  are  land  hungry, 
and  he  can  get  the  time  extended  "on  account  of  the  drought,"  or  any  other  alleged 
misfortune. 

If  the  planter  will  take  proper  care  of  his  young  trees  and  cultivate  them  as  he 
ought  the  use  of  seeds  is  undoubtedly  the  best  plan,  as  the  loss  of  about  ]  year  in 
their  growth  from  transplanting  is  obviated ;  but  the  ordinary  farmer  usually  has 
j^is  hand9  90  fall  of  other  work  which  can  not  be  postponed  that  the  trees  are  neg- 
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lected  and  are  smothered  with  weeds.  If  seeds  are  used  the  question  arises  whether 
it  is  as  safe  to  purchase  those  grown  in  another  State  and  in  a  different  climate  as 
those  raised  at  home  f  My  own  failures  have  been  with  seeds  that  were  purchased  of 
the  dealers,  and  my  success  has  been  with  those  picked  at  Devil's  Lake  by  my  own 
men.  Seeds  raised  in  the  same  region  where  they  are  to  be  planted  are  most  assur- 
edly the  safest  and  best.  If  the  law  would  permit  it,  the  best  way  to  proceed  with 
a  tree  claim  would  be  to  plant  the  seeds  in  nursery  rows  and  cultivate  them  properly 
until  of  sufficient  age  and  size  to  4;ransplant.  The  planter  would  gain  at  both  ends 
by  this  plan  ;  iirst,  his  trees  would  be  getting  a  good  start  while  his  land  is  being 
subdued  from  its  wild  state  lo  become  a  suitable  habitation  for  so  fine  and  beautiful 
a  thing  as  a  graceful  tree.  There  is  something  almost  pathetic  iu  the  disappoint- 
ment of  the  Eastern  mau  who  digs  holes  in  the  tough  prairie  sod  and  plants  a  few 
shade  trees  in  front  of  his  Dakota  sod  shanty,  hoping  that  they  will  grow  as  they  do 
"back  home  "  and  afford  a  fiue  shade  in  the  "  sweet  bye  and  bye  "  when  prosperity 
has  enabled  the  hopeful  farmer  to  build  a  new  house.  They  may  put  forth  leaves  in 
May,  but  are  sure  to  die  in  August. 

My  second  attempt  was  with  5  acres  of  wheat  stubble  thoroughly  plowed  and  drag- 
ged and  planted  4  feet  each  way  with  seeds, mostly  white  ash  and  box  elder.  The  plant- 
ing was  done  late  in  the  fall,  and  in  the  spring  I  had  the  satisfaction  of  seeing  as  fine 
a  stand  of  trees  as  one  could  wish.  During  the  summer  they  were  cultivated  both 
ways  twice  and  hoed  once.  The  field  was  kept  as  clean  as  a  field  of  com,  and  in  fact 
the  trees  were  treated  the  same  as  is  usually  accorded  to  corn  or  potatoes.  The 
planting  was  on  the  open  prairie  and  exposed  to  the  fierce  winds  from  all  quarters  of 
the  compass.  The  fall  of  snow  that  winter  (1886-'87)  was  very  slight  in  that  section 
and  in  the  spring  I  found  that  thousands  of  my  young  ash  trees  had  been  winter- 
killed. This  surprised  me  very  much,  as  the  white  ash  is  considered  perfectly  hardy 
even  in  the  hyperborean  climate  of  Dakota,  and  the  seeds  for  my  planting  had  been 
gathered  at  Devil's  Lake,  as  above  stated.  Here  was  another  revelation.  The  box 
elder  had  also  suffered,  but  not  so  badly  as  the  ash.  What  was  the  matter  t  The 
previous  summer  had  been  quite  dry  and  the  growth  of  wood  had  been  short,  but  that 
I  supposed  to  be  favorable  to  ripening  the  wood  and  preventing  winterkilling. 
Then  I  asked  myself  the  important  question:  If  the  season  of  growth  in  Dakota  is 
too  short  to  sufficiently  ripen  the  wood  of  the  ash  so  that  it  will  withstand  the  win- 
ters, how  are  trees  ever  to  be  grown  successfully  in  this  climate  t  It  was  a  question 
without  an  answer.     And  yet  there  was  a  partial  solution. 

I  had  seen  large  ash  trees  at  Fort  Totteu  and  along  the  banks  of  the  Cheyenne 
River,  but  always  in  sheltered  positions.  Under  the  bluff's  along  the  banks  of  the 
Cheyenne  many  varieties  of  native  trees  can  be  found  of  considerable  size,  while  only 
12  miles  away  along  the  banks  of  the  James  River,  whose  course  is  through  the 
almost  level  prairie  for  many  miles,  there  is  not  the  sign  of  a  tree  of  any  kind,  not 
even  the  burr  oak,  which  puts  in  an  appearance  and  holds  its  own  wherever  there  is 
a  chance.  Then  I  found  that  some  of  my  treos  that  were  sheltered  on  the  north  and 
west  by  a  weed  that  had  made  a  snow  bank  had  not  been  killed.  Some  small  trees 
that  had  grown  under  the  lee  of  larger  ones  on  the  north  had  escaped  while  the  larger 
ones  were  dead.  One  of  my  neighbors  had  a  planting  of  white  willows  and  box 
elders  4  years  old,  the  rows  running  east  and  west.  The  willows  had  been  allowed 
to  grow  quite  bushy,  and  so  thick  as  to  present  considerable  of  a  wind-break.  I 
noticed  that  only  two  or  three  of  these  bushes  on  the  west  end  of  the  rows  were  dead; 
the  others,  having  the  advantage  of  the  shelter  afforded  by  these  outposts,  were 
green  to  the  very  tips  of  the  smallest  boughs.  Another  man  had  planted  corn  among 
his  trees  and  let  it  stand  all  winter  as  a  protection  to  his  trees  with  good  results. 
His  opinion  is  that  as  soon  as  groves  of  forest  trees  are  sufficiently  grown  to  afford 
shelter,  apple  trees  of  the  hardy  varieties  may  be  successfully  cultivated  iu  all 
parts  of  Dakota.  Others  are  hoeing  about  their  trees,  but  letting  the  weeds  grow 
between  the  hills  to  help  protect  them  in  winter.  If  some  sort  of  shelter  is  needed 
for  yonng  trees  in  winter— mid  it  eeeiuii  to  lie  imperatiye— the  iiuportanoo  of  first 
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planting  one's  trees  in  the  compact  nursery  rows  so  that  they  can  l»e  protected  by  a 
board  fence,  or  a  barricade  of  manure  on  the  west  and  north  such  as  I  have  often 
used,  can  not  be  overosti mated.  Tlie  settler  could  plant  his  nursery  on  the  start 
so  that  his  trees  would  bo  ready  for  planting  by  the  time  the  ground  was  fully 
prepared. 

VARIETIK8. 

The  average  settler  who  has  been  reared  where  natural  forests  abound  knows  as 
little  concerning  the  best  trees  to  plant  on  the  plains  as  he  does  of  many  other  facts  con- 
nected with  the  business.  If  he  takes  the  unsolicited  a<lvice  of  those  who  have  trees  to 
sell  that  have  been  grown  in  some  distant  State  he  runs  a  risk  of  spending  his  money  for 
nothing,  and  will  meet  with  disappointment  in  the  end.  Many  kinds  of  trees  that  are 
indigenous  iu  northern  Iowa,  Wisconsin;  and  Illinois,  and  are  even  hardy  in  those  lati- 
tudes, have  been  found  too  tender  for  Dakota  unless  in  some  slieltered  position  where 
the  case  is  so  exceptional  that  the  example  is  not  of  universal  application.  What 
the  western  farmer  wants  at  first  is  two  or  three  sorts  that  are  perfectly  hardy,  if  any 
such  there  be,  and  stick  to  them  until  he  gets  a  good  start.  Hardiness,  rapid  growth, 
and  utility  are  the  three  most  important  characteristics  that  should  govern  him  inmak- 
and  his  selection  for  field  planting,  leaving  the  nurserymen  and  the  experiment  sta- 
tions to  make  tests  with  different  varieties.  As  far  as  ray  observation  extends,  and  it 
is  corroborated  by  the  exi)erience  of  many  others,  the  three  varieties  that  have  suc- 
ceeded best  on  the  prairies,  under  all  circumstauces,  are  the  box  elder,  cottonwood, 
and  white  willow.  White  ash  dues  well  and  is  a  more  valuable  wood  when  grown 
than  either  of  the  others,  but  it  is  of  too  slow  growth  to  meet  the  requirementsof  this 
go-ahead  generation.  I  have  tried  black  walnut,  basswood,  burr  oak,  wild  cherry, 
hard  and  soft  maple,  yellow  locust,  chestnut,  and  others,  only  to  be  disappointed  in 
the  result.  The  black  walnuts  grew  luxuriantly  the  first  year  and  were  the  admira- 
tion of  all  beholders,  but  alas,  the  second  year  they  did  not  respond  to  the  invigora- 
ting touch  of  the  south  wind  and  the  genial  May  sunshine.  They  were  well  named 
black  walnuts.  Dead  as  a  doornail.  Hard  maple  I  dismissed  because  of  its  too  slow- 
growth,  and  its  half  brother,  the  soft  maple,  had  to  be  abandoned  because  it  is  too 
tender  unless  protected.  I  have  still  strong  hopes  of  it  after  thorough  acclimation, 
because  its  rapidity  of  growth,  which  is  the  chief  objection  to  it  in  Illinois  and 
Wisconsin,  makes  it  a  most  desirable  variety,  besides  being  so  easily  propagated. 
The  yellow  locust  that  has  been  raised  so  extensively  in  many  of  the  Middle  States, 
and  which  is  so  valuable  for  fence  posts,  had  to  be  given  up  with  great  reluctance 
after  a  thorough  (?)  trial. 

I  now  confine  myself  exclusively  to  box  elder,  white  willow,-  cottonwood,  and  white 
ash,  and  have  a  fine  stand  of  each  of  these  varieties.  In  my  opinion  the  box  elder 
has  little  to  recommend  it  except  its  hardiness,  for  I  haveseldom  seen  astraight,  grace- 
ful tree  of  that  species  in  auy  country,  and  why  they  are  planted  in  latitudes  where 
the  maples  and  elms  are  easily  cultivated  is  a  mystery.  But  on  the  western  plains 
they  flourish  where  most  others  fail,  aiul  it  is  vastly  better  than  nothing.  The  cotton- 
wood, with  which  the  Northern  Pacific  Railroad  Company  has  been  most  successful 
in  securing  a  growth  for  hundreds  of  miles  along  its  road  to  defend  its  line  against 
snowdrifts  that  fill  its  cuts,  is  a  rapid  grower  and  a  handsome  tree  when  young,  but 
an  unsightly  thing  iu  its  old  age.  The  white  willow  bids  fair  to  become  a  general 
favorite  because  of  its  rapid  growth  and  its  perfect  hardiness,  more  danger  to  it 
being  apprehended  from  summer  drought  than  from  wiuterkilliug. 

PREPARATION  or  THE  SOIL. 

In  regard  to  the  preparation  of  the  soil,  that  has  been  pretty  mnch  settled  by  the 

terms  of  the  Congressional  act  relating  to  tree  claims,  but  I  am  by  no  means  certain 

that  the  course  therein^ marked  out  is  the  best.     The  law  is  imperative  that  the  first 

5  acres  shall  be  planted  the  third  year  after  filing,  while  some  fanners  are  of  the 
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opinion  that  it  is  better  to  plant  as  soon  as  the  land  can  bo  properly  prepared  after 
breaking.  My  own  personal  experience  leads  uie  to  coincide  witli  this  view,  as  the 
best  stand  of  trees  on  luy  own  i>Iace  was  treated  in  that  way.  The  land  had  been 
broken  in  the  spring  and  was  planted  witli  potatoes,  the  seed  being  dropped  in  the 
fnrrowa  after  the  breaking  plow,  a  niotliod  often  adopted  by  lazy  farmers  on  the 
frontier.  After  the  potatoes  had  been  dug  in  the  fall  the  land  was  plowed  or  "back- 
set," and  marked  out  with  the  plow  4  feet  apart  one  way.  Into  these  furrows  box- 
elder  seeds  were  sown  and  a  little  dirt  scratched  over  them  with  a  garden  rake.  I 
called  it  the  most  slovenly  job  I  had  ever  done  in  Dakota,  but  the  trees  from  that 
planting  have  flourished  better  than  any  others  on  the  place,  and  I  am  not  sure  but 
the  newer  the  ground,  if  it  is  fit,  the  better.  Of  course  the  trees  were  hoed  and  kept 
clear  of  weeds  every  year.  The  trees  have  defied  summer's  drought  and  winter's 
cold,  and  are  now  large  enough  to  take  care  of  themselves.  I  may  add  that  tlie  seeds 
thus  carelessly  planted  were  what  remained  after  planting  5  acres  on  well-pulverized 
ground  where  no  tree  is  to  be  seen  to-day,  so  that  the  failure  on  the  old  ground  can 
not  be  attributed  to  poor  seed. 

A  DISCOURAGING  BUSINESS. 

From  the  above  brief  and  imperfect  presentation  of  the  subject  it  will  readily  be 
inferred  that  tree  culture  on  the  western  prairies  is  a  very  discouraging  undertaking 
and  one  that  has  no  poetry  at  all  in  it.  The  great  obstacles  in  the  way  of  success  are 
the  natural  perversity  of  the  soil  and  climate;  the  dry,  hot  summers;  the  intense, 
cold  winters;  the  windstorms;  the  late  frosts  in  the  spring  that  cut  down  the  young 
trees ;  the  early  frosts  in  the  fall  that  prevent  the  sufficient  ripening  of  the  wood ; 
the  cutworms ;  poor  seed ;  worthless  varieties  of  trees ;  and  last,  but  not  least,  neg- 
lect on  the  part  of  the  owner.  And  yet,  notwithstanding  all  these  obstacles — and 
I  appreciate  their  force  to  the  fullest  extent — I  declare  my  belief  that  the  time  will 
come  when  these  vast  treeless  areas  will  be  ornamented  with  fine  groves  of  timber 
that  will  shade  the  farmhouse  from  the  burning  rays  of  the  summer's  sun  and  aftord 
shelter  from  tlie  tierce  blizzards  of  the  pitiless  winters. 

2.  FOEEST-TREE  CULTURE  IN  DAKOTA. 
By  J.  W.  Smith. 

In  giving  my  experience  in  tree- culture,  after  planting  60,000  trees  in  Central 
Dakota  within  the  past  6  years,  I  will  try  to  be  brief  and  practical,  dividing  the 
subject  as  follows : 

First.  Selection  and  preparation  of  soil. 

Second.  Kinds  of  trees ;  how  and  where  to  plant;  trees  or  seeds. 

Third.  Aftercare  and  culture. 

Fourth.  Errors  of  the  past ;  the  teachings  of  experience,  and  suggestions  for  the 
future. 

Almost  any  soil  will  produce  trees  under  favorable  circninstanoes,  bat  soils  differ 
greatly  and  the  proper  preparation  of  any  soil  is  essential  to  success.  Deep  cultiva- 
tion and  the  total  destruction  of  the  prairie  grasses  and  weeds  is  also  necessary  to 
secure  the  best  results.  An  Iowa  cultivator  of  evergreens  once  remarked  to  me  that 
"only  time  and  thorough  tillage  could  get  the  rawness  out  of  new  prairie  soil  so 
that  evergreens  would  thrive."  This  truth  doubtless  also  apjilies  to  most  deciduous 
trees.  Thorough  and  deep  preliminary  cultivation,  then,  are  essential  to  successful 
tree-growing  on  the  prairies. 

The  kinds  of  trees  to  be  selected  must  vary  with  the  climate,  soil,  locality,  etc.,  ex- 
perience being  the  only  sure  guide.  Native  ti'ees  growing  near  in  similar  soil  can 
hardly  fail.  13eyoud  that,  where  possible,  it  is  best  to  be  guided  largely  by  the  ex- 
perience of  others.   White  and  green  ash,  water  or  white  elm,  ^nd  bo^  elder  seem  about 
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equally  hardy.  Cottouwood  and  white  willow  are  not  hardy  except  in  inoiHt  Boils, 
each  usually  failing  after  a  few  years'  growth.  A  limited  experience  with  some  other 
willows  and  several  poplars  leads  lue  to  think  some  of  these  may  prove  more  hardy. 
The  larch,  basswood,  wild  black  cherry,  native  white  bircli,  and  some  other  trees, 
mostlj'  American,  j)ronuse  well  iu  places,  and  deserve  further  trial.  Soft  maple  does 
not  seem  very  hardy.  It  may,  like  some  other  kinds,  be  more  hardy  when  older  and 
where  protected  by  other  trees.  Tiie  nut-bearing  trees,  black  walnut  excepted,  and 
that  grown  from  seed,  killed  wholly  the  first  winter.  Only  a  few  evergreens  have 
been  tested.  Small  red  cedars  have  been  partially  killed  at  times,  not  always,  and 
never  entirely.    Few  others  appear  as  hardy.     White  pine  may  be,  and  grows  faster. 

Trees  should  always  be  plauted  in  spring,  summer,  or  autumn,  according  to  kind. 
I  have  usually  planted  trees  of  1  to  2  years'  growth;  think  1  year  preferable,  and 
with  few  exceptions  prefer  them  to  seed,  if  in  good  condition.  Some  good  cultivat- 
ors prefer  planting  seed,  aud  if  it  germinates  well,  the  great  difficulty  in  dry  soil,  it 
is  preferable  to  trees,  as  the  roots  of  trees  must  be  more  or  less  injured  in  digging, 
handling,  and  transplanting.  Small  trees  can  be  planted  very  rapidly  with  a  spade, 
if  the  ground  is  marked,  or  by  a  hoe  in  a  plowed  furrow,  Mr.  R.  Douglas,  of  Waa- 
kegan,  Uliuois,  gives  admirable  instructions  for  planting  upon  a  large  scale.  The 
essential  things  with  any  method  are  (1)  to  have  the  ground  properly  prepared;  (2) 
'  to  have  good  trees  or  seeds ;  (:i)  to  have  the  work  well  done  at  the  proper  time ;  and 
(4)  to  have  the  trees  well  cultivated  and  protected  in  after  years.  It  is  preferable  to 
have  some  trees  watered  and  even  mulched  when  planted,  though  with  small  trees 
this  is  not  usually  necessary. 

The  after  care  and  culture  is  as  important  as  proper  planting.  If  4  by  4  feet  dis- 
tant and  in  rows  each  way,  the  most  common  method,  they  can  be  cultivated  like 
corn,  and  the  kind  of  culture  they  receive  will  be  as  visible  by  their  growith,  condi- 
tion, and  even  the  life  of  some  of  them  in  after  years,  as  it  is  upon  a  crop  of  corn. 
If  the  land  was  deeply  })lovved  and  cleanly  cultivated  for  several  years  before  planting 
the  trees  will  not  be  likely  to  suffer  from  drought  unless  their  culture  is  neglected. 

Frequent  shallow  cultivation  of  the  whole  surface  soil,  while  destroying  weeds, 
will  also  prevent  the  injurious  effects  of  excessive  dryness.  Cultivation  should  cease 
by  about  August  1,  to  prevent  too  late  growth  and  consequent  winter  killing.  After 
that  date  all  large  weeds  and  any  near  to  a  small  tree  should  be  removed  by  hand 
work.  Only  clean  culture  for  several  years  and  protection  of  the  tree  from  the  tramp- 
ing and  browsing  of  live  stock  will  secure  healthy  and  rapidly  growing  trees.  Prairie 
fires  are  dangerous  if  the  land  is  very  weedy,  or  if  the  trees  are  so  large  that  cultiva- 
tion has  ceased.  To  be  safe,  a  sufficient  breadth  of  land  should  continue  to  be  cleanly 
cultivated,  it  may  be  witli  some  suitable  crop. 

The  growth  of  trees  is  variable,  owing  to  many  causes,  as  soil,  season,  cultivation, 
etc.  Cottonwood,  where  hardy,  grows  faster  than  most  trees.  All  the  ashes  are  slow 
growers.  In  8  years  the  average  growth  of  cottonwood  is  (>  inches  in  diameter,  of 
soft  maple  and  box  elder  4  inches,  and  of  ash  not  over  2  inches.  If  pruned  or  thickly 
planted,  trees  grow  taller  than  where  growing  more  scattered  or  singly,  nature  always 
adapting  the  shape  of  trees  to  their  surroundings. 

Some  woods  being  so  much  more  valuable  than  others,  it  is  wise  to  try  the  cultiva- 
tion of  the  more  desirable  kinds  aud  to  increase  the  planting  of  such  as  fast  as  found 
to  succeed.  When  a  wind-break  is  o^the  first  importance  it  is  best  to  plant  for  that 
object  mostly  rapid-growing  kinds;  elsewhere  chiefly  those  of  more  value  for  fuel, 
fencing,  building,  and  lumber.  Some  of  the  oaks  are  hardy  aud  should  be  early 
planted,  the  acorns  being  preferable  to  trees. 

Among  the  common  errors  of  the  past  have  been  the  hasty  and  imperfect  manner 
in  which  prairie  tree-planting  has  been  done — preparation  of  the  soil,  quality  of 
trees  or  seeds,  and  the  neglect  of  proper  care.  The  "  tree-claim  "  or  timber-culture 
act  is  partly  responsible  for  many  of  the  failures  under  its  re<iuircment8.  Thns 
it  specifies  that  the  prairie  must  be  "broken"  one  season  ;  the  next  year  it  must  be 
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cnltivatod  with  or  aa  for  a  crop ;  and  the  third  year  it  must  be  planted  with  trees  or 
seeds  of  forest  trees,  the  usnal  result  being  that  the  land  was  not  suiiciciitly  culti- 
vated to  secure  a  good  growth  of  trees  by  the  proper  cultivation  in  future  years,  it 
being  nearly  iuij»o8sible  to  remedy  what  was  lacking  by  ordinary  cultivation^  so  that 
many  trees  are  dwarfed  or  lost  by  weeds  or  drought. 

It  is  also  to  be  feared  that  quite  a  proi)ortiou  of  those  who  entered  "tree  claims" 
thought  more  of  complying  with  the  letter'  of  the  law,  to  obtain  the  land,  than  with 
the  spirit  of  it,  to  secure  a  good  growth  of  trees.  To  even  look  at  some  claims  is  suf- 
ficient proof  that  something  is  wrong.  After  a  few  years  such  parties  are  frequently 
glad  to  sell  their  claims,  often  without  trees,  for  a  trifle.  If  reentered  as  a  tree 
claim  it  was  often  by  an  inexperienced  party,  who  in  a  few  years  was  also  glad  to 
"relinqnish"  or  give  away  his  or  her  claim  to  some  other  party,  and  who,  if  expe- 
rienced, will  often  enter  the  land  as  a  preemption  or  homestead.  Such  is  the  history 
of  hundreds  if  not  thousands  of  tree  claims,  and  it  will  continue  to  be  until  the  act  is 
amended  or  repealed.  Happily,  in  contrast  with  those  described,  some  model  tree 
claims  can  be  found  in  nearly  every  county. 

The  writer  respectfully  suggests  that  if  the  preemption  and  tree-claim  acts  are  to  be 
repealed,  as  now  appears  likely,  the  tree-claim  act  in  some  modified  form  should  be 
ingrafted  upon  the  homestead  law,  so  as  to  require  at  least  5  acres  of  timber  trees  to 
be  successfully  cultivated  upon  each  IGO-acre  homestead  in  future,  but  requiring  two 
crops  where  one  now,  and  thorough  cultivation  before  planting  trees  or  seeds. 

Five  acres  of  forest  trees  upon  a  homestead  is  only  a  reasonable  requirement.  It 
would  also  soon  greatly  modify  the  climate  of  the  prairies;  could  be  made  valuable 
as  a  wind-break  about  the  farm  residence  and  other  buildings ;  could  afford  desirable 
shelter  belts  for  live  stock  at  different  places  on  the  farm ;  in  a  few  years  would  fur- 
nish considerable  fuel,  fencing  and  building  material,  besides  adding  wealth  and 
comfort  to  the  owner,  health  to  the  community,  and  beauty  to  the  landscape. 

Faulk  County,  Dakota. 
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